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3-2 28 3.1-7 0 
3-3 28 3.1-8 21 
3-4 28 3.1-9 26 
3-5 28 3.1-10 25 
3-6 28 3.1-11 15 
3-7 28 3.1-12 28 
3-8 28 3.1-13 24 
3-9 28 3.1-14 0 
3-10 28 3.1-15 0 
3-11 28 3.1-16 0 
3-12 28 3.1-17 15 
  3.1-18 25 
3-i 28 3.1-19 3 
3-ii 3 3.1-20 26 
3-iii 28 3.1-21 20 
3-iv 27 3.1-22 24 
3-v 28 3.1-23 22 
3-vi 26 3.1-24 17 
3-vii 22 3.1-25 16 
3-viii 28 3.1-26 22 
3-ix 28 3.1-27 22 
3-x 22 3.1-28 22 
3-xi 28 3.1-29 0 
3-xii 27 3.1-30 17 
3-xiii 2 3.1-31 0 
3-xiv 22 3.1-32 0 
3-xv 22 3.1-33 0 
3-xvi 22 3.1-34 16 
3-xvii 3 3.1-35 0 
3-xviii 26 3.1-36 0 
3-xix 23 3.1-37 25 
3-xx 0 3.1-38 23 
3-xxi 0 3.1-39 26 
3-xxii 21 3.1-40 28 
3-xxiii 22   
3-xxiv 22 3.2-1 24 
3-xxv 22 3.2-2 24 
3-xxvi 22 3.2-3 23 
3-xxvii 22 3.2-4 25 
3-xxviii 3 3.2-5 17 
3-xxix 22 3.2-6 20 
  3.2-7 21 
3.1-1 22 3.2-8 25 
3.1-2 3 3.2-9 25 
3.1-3 28 3.2-10 22 
3.1-4 25 3.2-11 27 
3.1-5 27   
  3.3-1 25 
   3.3-2 0 
   3.3-3 18 
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3.3-4 25 3.6-5 18 
3.3-5 0 3.6-6 18 
  3.6-7 23 
3.4-1 27 3.6-8 0 
3.4-2 27 3.6-9 15 
3.4-3 9 3.6-10 16 
3.4-4 25 3.6-11 0 
3.4-5 8 3.6-12 18 
3.4-6 26A 3.6-13 0 
  3.6-14 0 
F3.4-1 7 3.6-15 18 
F3.4-2 15 3.6-16 18 
F3.4-3 15 3.6-17 0 
F3.4-4 15 3.6-18 0 
F3.4-5 23 3.6-19 0 
  3.6-20 18 
3.5-1 0 3.6-21 0 
3.5-2 15 3.6-22 18 
3.5-3 26 3.6-23 19 
3.5-4 19 3.6-24 0 
3.5-5 2 3.6-25 0 
3.5-6 26 3.6-26 0 
3.5-7 26 3.6-27 0 
3.5-8 26 3.6-28 25 
3.5-9 26 3.6-29 19 
3.5-10 26 3.6-30 23 
3.5-11 
3.5-11a 

26 
26 

3.6-31 23 

3.5-12 26 3.6-32 22 
3.5-13 25 3.6-32a 12 
3.5-14 18 3.6-33 25 
3.5-15 26 3.6-34 25 
3.5-16 26 3.6-35 15 
3.5-17 0 3.6-36 0 
3.5-18 15 3.6-37 16 
3.5-19 0  3.6-38 0 
3.5-20 0   
3.5-21 26 F3.6-1 0 
3.5-22 26 F3.6-2 15 
  F3.6-3 0 
F3.5-1 26 F3.6-4 23 
F3.5-2 26 F3.6-5 0 
F3.5-3 26 F3.6-6 0 
F3.5-4 26 F3.6-7 0 
F3.5-5 26 F3.6-8 0 
F3.5-6 15 F3.6-9 0 
  F3.6-9A 0 
3.6-1 28 F3.6-9B 0 
3.6-1a 18   
3.6-2 28   
3.6-2a 15   
3.6-3 23   
3.6-4 13   
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F3.6-16 22 F3.6-61 0 
F3.6-17 22 F3.6-62 0 
F3.6-18 22 F3.6-63 0 
F3.6-19 23 F3.6-64 18 
F3.6-20 23 F3.6-65 0 
F3.6-21 23 F3.6-66 18 
F3.6-22 23 F3.6-67 0 
F3.6-23 23 F3.6-68 0 
F3.6-24 23   
F3.6-25 23 3.7-1 15 
F3.6-26 23 3.7-2 0 
F3.6-27 23 3.7-3 0 
F3.6-28 23 3.7-4 26 
F3.6-29 18 3.7-5 20 
F3.6-30 23 3.7-6 15 
F3.6-31 23 3.7-7 15 
F3.6-32 23 3.7-8 26 
F3.6-33 0 3.7-9 0 
F3.6-34 0 3.7-10 0 
F3.6-35 16 3 7-11 0 
F3.6-36 16 3.7-12 0 
F3.6-37 0 3.7-13 0 
F3.6-38 0 3.7-14 0 
F3.6-39 0 3.7-15 0 
F3.6-40 0 3.7-16 15 
F3.6-41 0 3.7-17 15 
F3.6-42 0 3.7-17a 15 
F3.6-43 0 3.7-18 15 
F3.6-44 0 3.7-19 15 
F3.6-45 24 3.7-20 21 
F3.6-46 0 3.7-21 0 
F3.6-47 0 3.7-22 21 
F3.6-48 16 3.7-23 21 
F3.6-49 16 3.7-24 16 
F3.6-50 26 3.7-25 26 
F3.6-51 24 3.7-26 3 
F3.6-52 16 3.7-27 26 
F3.6-53 16   
F3.6-54 0   
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3.7-34 0 3.7-78 0 
3.7-35 0 3.7-79 0 
3.7-36 0 3.7-80 0 
3.7-37 0 3.7-81 0 
3.7-38 15 3.7-82 16 
3.7-39 15 3.7-83 0 
3.7-40 0 3.7-84 16 
3.7-41 
3.7-41a 

0 
26 

3.7-85 16 

3.7-42 22 3.7-86 16 
3.7-42a 21 3.7-87 16 
3.7-43 21 3.7-88 16 
3.7-44 21 3.7-89 16 
3.7-45 21 3.7-90 16 
3.7-46 15 3.7-91 0 
3.7-47 21 3.7-92 3 
3.7-48 0 3.7-93 3 
3.7-49 0 3.7-94 0 
3.7-50 0 3.7-95 0 
3.7-51 0   
3.7-52 0 F3.7-1 0 
3.7-53 0 F3.7-2 0 
3.7-54 8 F3.7-3 0 
3.7-55 0 F3.7-4 0 
3.7-56 0 F3.7-5 0 
3.7-57 0 F3.7-6 0 
3.7-58 0 F3.7-7 0 
3.7-59 0 F3.7-8 0 
3.7-60 0 F3.7-9 0 
3.7-61 0 F3.7-10 0 
3.7-62 0 F3.7-11 0 
3.7-63 0 F3.7-11A 0 
3.7-64 0 F3.7-12 0 
3.7-65 0 F3.7-13 0 
3.7-66 0 F3.7-14 0 
3.7-67 0 F3.7-15 0 
3.7-68 0 F3.7-16 0 
3.7-69 0 F3.7-17 0 
3.7-70 0 F3.7-18 0 
3.7-71 0 F3.7-19 0 
  F3.7-20 0 
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F3.7-39 0 3.8-42 25 
F3.7-40 21 3.8-43 15 
  3.8-44 0 
3.8-1 23 3.8-45 20 
3.8-2 20 3.8-46 23 
3.8-3 20 3.8-47 14 
3.8-4 20 3.8-48 0 
3.8-5 0 3.8-49 0 
3.8-6 22 3.8-50 0 
3.8-7 20 3.8-51 0 
3.8-8 0 3.8-52 0 
3.8-9 20 3.8-53 0 
3.8-10 0 3.8-54 0 
3.8-11 25 3.8-55 0 
3.8-12 25 3.8-56 25 
3.8-13 20 3.8-57 25 
3.8-14 25  3.8-58 0 
3.8-15 0 3.8-59 17 
3.8-16 0 3.8-60 0 
3.8-17 0 3.8-61 15 
3.8-18 0 3.8-62 25 
3.8-19 19 3.8-63 25 
3.8-20 23 3.8-64 25 
3.8-21 26 3.8-65 15 
3.8-22 25 3.8-66 0 
  3.8-67 0 
  3.8-68 0 
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3.8-83 14 F3.8-1 15 
3.8-84 14 F3.8-1a 15 
3.8-85 25 F3.8-2 15 
3.8-86 25 F3.8-3 15 
3.8-87 25 F3.8-3a 15 
3.8-88 23 F3.8-4 0 
3.8-89 15 F3.8-5 0 
3.8-90 28 F3.8-6 0 
3.8-91 19 F3.8-7 0 
3.8-92 0 F3.8-8 0 
3.8-93 0 F3.8-8a 0 
3.8-94 25 F3.8-8aa 15 
3.8-95 17 F3.8-8B 0 
3.8-96 17 F3.8-9 22 
3.8-97 0 F3.8-9a 22 
3.8-98 25 F3.8-10 22 
3.8-99 0 F3.8-11 22 
3.8-100 0 F3.8-12 15 
3.8-101 0 F3.8-13 15 
3.8-102 0 F3.8-14 0 
3.8-103 0 F3.8-15 0 
3.8-104 0 F3.8-16 0 
3.8-105 0 F3.8-17 0 
3.8-106 0 F3.8-18 0 
3.8-107 0 F3.8-19 0 
3.8-108 22 F3.8-20 0 
3.8-109 0 F3.8-21 0 
3.8-110 22 F3.8-22 0 
3.8-111 0 F3.8-23 15 
3.8-112 0 F3.8-24 15 
3.8-113 0   
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F3.8-39 0 3.9-34a 16 
F3.8-40 0 3.9-35 24 
F3.8-41 0 3.9-36 24 
F3.8-42 0 3.9-37 0 
F3.8-43 0 3.9-38 20 
F3.8-44 0 3.9-39 28 
F3.8-45 26 3.9-40 26 
  3.9-41 25 
  3.9-42 9 
3.9-1 26 3.9-42a 26 
3.9-2 0 3.9-43 17 
3.9-2a 3 3.9-44 18 
3.9-2b 26 3.9-45 3 
3.9-2c 3 3.9-45a 25 
3.9-2d 3 3.9-45b 24 
3.9-2e 3 3.9-46 0 
3.9-3 3 3.9-47 26 
3.9-4 3 3.9-48 21 
3.9-5 0 3.9-48a 26 
3.9-6 0 3.9-49 17 
3.9-7 18 3.9-50 25 
3.9-8 0 3.9-51 25 
3.9-9 0 3.9-52 0 
3.9-10 26 3.9-53 25 
3.9-11 0 3.9-54 26 
3.9-12 0 3.9-55 26 
3.9-13 0 3.9-56 25 
3.9-14 0 3.9-57 21 
3.9-15 0 3.9-58 26 
3.9-16 26 3.9-59 25 
3.9-16a 22 3.9-60 26 
3.9-16b 26 3.9-61 18 
3.9-16c 9 3.9-62 18 
3.9-17 26 3.9-63 17 
3.9-18 26 3.9-64 17 
3.9-18a 21 3.9-65 18 
3.9-19 27 3.9-66 25 
3.9-20 26 3.9-67 21 
  3.9-68 22 
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F3.9-1 0 3.11-35 0 
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F3.9-3 3 3.11-37 22 
F3.9-4 3 3.11-38 22 
F3.9-5 3 3.11-39 22 
F3.9-6 3 3.11-40 22 
    
3.10-1 24 3A-1 18 
3.10-2 25 3A-2 0 
3.10-3 25 3A-3 0 
3.10-4 25 3A-4 0 
3.10-5 25 3A-5 0 
  3A-6 0 
3.11-1 26 3A-7 0 
3.11-1a 26 3A-8 0 
3.11-2 22 3A-9 0 
3.11-3 0 3A-10 0 
3.11-4 0 3A-11 0 
3.11-5 22 3A-12 0 
3.11-6 0 3A-13 17 
3.11-7 26 3A-14 17 
3.11-8 18 3A-15 0 
3.11-9 24 3A-16 19 
3.11-10 22 3A-17 6 
3.11-10a 19 3A-18 19 
3.11-11 16 3A-19 0 
3.11-12 24 3A-20 0 
3.11-13 18 3A-21 0 
3.11-14 0 3A-22 0 
3.11-15 0 3A-23 17 
3.11-16 24 3A-24 0 
3.11-17 17 3A-25 0 
3.11-18 25 3A-26 0 
3.11-19 24 3A-27 0 
3.11-20 0 3A-28 0 
3.11-21 0 3A-29 0 
3.11-22 22 3A-30 0 
3.11-23 22 3A-31 0 
3.11-24 22 3A-32 0 
3.11-25 0 3A-33 0 
3.11-26 0 3A-34 0 
3.11-27 2 3A-35 0 
3.11-28 26 3A-36 0 
3.11-29 22 3A-37 0 
3.11-30 0 3A-38 0 
3.11-31 0 3A-39 0 
3.11-32 0 3A-40 0 
3.11-33 0 3A-41 0 
3.11-34 0 3A-42 0 
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3A-46 0 3C-8 0 
3A-47 0 3C-9 27 
3A-48 0 3C-10 0 
3A-49 0 3C-11 0 
3A-50 0 3C-12 0 
3A-51 0   
  3D-1 18 
3B-1 25 3D-2 17 
3B-2 19 3D-3 17 
3B-3 0 3D-4 0 
3B-4 0 3D-5 0 
3B-5 19 3D-6 20 
3B-6 25 3D-7 17 
3B-7 0 3D-8 17 
3B-8 0 3D-9 0 
3B-9 0 3D-10 18 
3B-10 0 3D-11 0 
3B-11 0 3D-12 0 
3B-12 8   
3B-13 0   
3B-14 0 F3D-1 0 
3B-15 0 F3D-2 12 
3B-16 0   
3B-17 0 3E-i 0 
3B-18 0 3E-1 0 
3B-19 0 3E-2 0 
3B-20 0 3E-3 0 
3B-21 0 3E-4 0 
3B-22 0   
3B-23 25 3F-1 18 
3B-24 0 3F-2 0 
3B-25 0 3F-3 0 
3B-26 0 3F-4 0 
3B-27 0 3F-5 0 
3B-28 0 3F-6 7 
3B-29 0 3F-7 0 
3B-30 0 3F-8 0 
3B-31 0 3F-9 24 
3B-32 0 3F-10 18 
3B-33 0 3F-11 18 
3B-34 0 3F-12 7 
3B-35 25 3F-13 18 
3B-36 0 3F-14 18 
  3F-15 23 
  3F-16 22 
3C-1 18 3F-17 25 
3C-2 17 3F-18 0 
3C-3 17 3F-19 0 
3C-4 27 3F-20 22 
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3F-28 0 3G-8 0 
3F-29 28 3G-9 0 
3F-30 26 3G-10 0 
3F-31 22 3G-11 0 
3F-32 17 3G-12 0 
3F-33 18 3G-13 0 
3F-34 25 3G-14 0 
3F-35 7 3G-15 0 
3F-36 0 3G-16 0 
3F-37 0 3G-17 0 
3F-38 0 3G-18 0 
3F-39 0 3G-19 0 
3F-40 0 3G-20 0 
3F-41 0 3G-21 0 
3F-42 0 3G-22 0 
  3G-23 0 
F3F-1 0 3G-24 0 
F3F-2 0 3G-25 0 
F3F-3 0 3G-26 0 
F3F-4 0 3G-27 0 
F3F-5 0 3G-28 0 
F3F-6 15 3G-29 0 
F3F-7a 22 3G-30 0 
F3F-7b 15 3G-31 0 
F3F-7C 22 3G-32 0 
F3F-7d 15 3G-33 0 
F3F-7E 22 3G-34 0 
F3F-7F 22 3G-35 0 
F3F-8 22 3G-36 0 
F3F-9 15 3G-37 0 
F3F-10 15 3G-38 0 
F3F-11 0 3G-39 0 
F3F-12 0 3G-40 0 
F3F-13 0 3G-41 0 
F3F-14 0 3G-42 0 
F3F-15 0 3G-43 0 
F3F-16 0 3G-44 0 
F3F-17 0 3G-45 0 
F3F-18 0 3G-46 0 
F3F-19 0 3G-47 0 
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3G-50 0 3H-23 3 
3G-51 0 3H-24 3 
3G-52 0   
3G-53 0 F3H-1 3 
3G-54 0 F3H-2 0 
3G-55 0 F3H-3 0 
3G-56 0 F3H-4 0 
3G-57 0 F3H-5 0 
3G-58 0 F3H-6 0 
3G-59 0 F3H-7 0 
3G-60 0 F3H-8 0 
3G-61 0 F3H-9 0 
3G-62 0 F3H-10 0 
3G-63 0 F3H-11 0 
3G-64 0 F3H-12 0 
3G-65 0 F3H-13 0 
3G-66 0 F3H-14 0 
3G-67 0 F3H-15 0 
3G-68 0 F3H-16 0 
3G-69 0 F3H-17 0 
3G-70 0 F3H-18 0 
  F3H-19 0 
3H-i 22 F3H-20 0 
3H-ii 0 F3H-21 0 
3H-1 22 F3H-22 0 
3H-2 0 F3H-23 0 
3H-3 22 F3H-24 0 
3H-4 25 F3H-25 0 
3H-5 22 F3H-26 0 
3H-6 25 F3H-27 0 
3H-7 0 F3H-28 0 
3H-8 0 F3H-29 0 
3H-9 0 F3H-30 3 
3H-10 0 F3H-31 3 
3H-11 0 F3H-32 3 
3H-12 0 F3H-33 3 
3H-13 22 F3H-34 3 
3H-14 0 F3H-35 3 
3H-15 19 F3H-36 3 
3H-16 0 F3H-37 3 
3H-17 0 F3H-38 3 
3H-18 0 F3H-39 3 
3H-19 16 F3H-40 3 
3H-19a 3 F3H-41 3 
3H-19b 3 F3H-42 3 
3H-19c 25 F3H-43 3 
3H-20 3   
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3H-A10 0 3I-20 0 
3H-A11 0 3I-21 0 
3H-A12 0 3I-22 17 
3H-A13 0 3I-23 0 
3H-A14 0 3I-24 0 
3H-A15 0 3I-25 0 
3H-A16 0 3I-26 0 
3H-A17 0 3I-27 0 
3H-A18 0 3I-28 0 
3H-A19 0 3I-29 0 
3H-A20 0 3I-30 0 
3H-A21 0 3I-31 0 
3H-A22 0 3I-32 0 
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3H-A24 0   
3H-A25 0 3J-i 12 
3H-A26 0 3J-1 16 
3H-A27 0 3J-2 12 
3H-A28 0 3J-3 17 
3H-A29 0 3J-4 17 
3H-A30 0 3J-5 25 
3H-A31 0 3J-6 17 
3H-A32 0 3J-7 19 
3H-A33 0   
3H-A34 0   
    
3I-i 18   
3I-1 17   
3I-2 0   
3I-3 0   
3I-4 0   
3I-5 0   
3I-6 18   
3I-7 0   
3I-8 0   
3I-9 0   
    
F3I-I 0   
F3I-II 0   
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CHAPTER 3 
 
 
DESIGN CRITERIA - STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS 

3.1 CONFORMANCE WITH THE GENERAL DESIGN CRITERIA 
 
The Construction Permit for the Hutchinson Island (St. Lucie Unit 1) Plant was issued on July 1, 1970  
and preceded the publication of the (AEC) "General Design Criteria for Nuclear Power Plants"  
(10 CFR 50, Appendix A, February 20, 1971). 
 
Presented are responses reflecting the design intent for this nuclear power plant in consideration of 
the General Design Criteria for Nuclear Power Plants. 

3.1.1 CRITERION 1 - QUALITY STANDARDS AND RECORDS 
 
Structures, systems and components important to safety shall be designed, fabricated, erected and 
tested to quality standards commensurate with the importance of the safety functions to be 
performed. Where generally recognized codes and standards are used, they shall be identified and 
shall be supplemented or modified as necessary to assure a quality product in keeping with the 
required safety function. A quality assurance program shall be established and implemented in order 
to provide adequate assurance that these structures, systems, and components will satisfactorily 
perform their safety functions. Appropriate records of the design, fabrication, erection and testing of 
structures, systems and components important to safety shall be maintained by or under the control 
of the nuclear power unit licensee throughout the life of the unit. 
 
DISCUSSION 
 
All structures, systems and components of the facility are classified according to their relative 
importance to safety. Those items vital to safety such that their failure might cause or result in an 
uncontrolled release of an excessive amount of radioactive material are designated seismic Class 1. 
They and items of lesser importance to safety, are designed, fabricated, erected and tested according 
to the provisions of recognized codes and quality standards. Discussions of the applicable codes, 
standards, records and the quality assurance program used to implement and audit the construction 
and operation processes are presented in Sections 17.1 and 17.2. A complete set of facility structural, 
arrangement and system drawings will be maintained under the control of FP&L throughout the life of 
the plant. Quality assurance written data and comprehensive test and operating procedures are 
likewise assembled and maintained by FP&L. The classification of safety related structures, systems 
and components is discussed in Section 3.2. 
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3.1.2 CRITERION 2 - DESIGN BASES FOR PROTECTION AGAINST NATURAL PHENOMENA

Structures, systems and components important to safety shall be designed to withstand the effects of
natural phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunami and seiches without
loss of capability to perform their safety functions. The design bases for these structures, systems
and components shall reflect: (1) appropriate consideration of the most severe of natural phenomena
that have been historically reported for the site and surrounding area, with sufficient margin for the
limited accuracy, quantity, and period of time which the historical data have been accumulated, (2)
appropriate combinations of the effects of normal and accident conditions with the effects of the
natural phenomena and (3) the importance of the safety functions to be performed.

DISCUSSION

The structures, systems and components important to safety are designed to withstand the effects of
natural phenomena without loss of capability to perform their safety functions. Natural phenomena
factored into the design of plant structures, systems and components important to safety are
determined from recorded data for the site vicinity with appropriate margin to account for uncertainties
in historical data.

The most severe natural phenomena postulated to occur at the site in terms of induced stresses is
the design basis earthquake (DBE). Those structures, systems, and components vital for the
mitigation and control of accident conditions are designed to withstand the effects of a loss of coolant
accident (LOCA) coincident with the effects of the DBE. Structures, systems and components vital to
the safe shutdown of the plant are designed to withstand the effects of any one of the most severe
natural phenomena, including flooding, hurricanes, tornadoes and the DBE.

Design criteria for wind and tornado, flood and earthquake are discussed in Section 3.3, 3.4 and 3.7
respectively.

3.1.3 CRITERION 3 - FIRE PROTECTION

Structures, systems and components important to safety shall be designed and located to minimize,
consistent with other safety requirements, the probability and effect of fires and explosions.
Noncombustible and heat resistant materials shall be used wherever practical throughout the unit,
particularly in locations such as the containment and control room. Fire detection and fighting
systems of appropriate capacity and capability shall be provided and designed to minimize the
adverse effects of fires on structures, systems and components important to safety. Fire fighting
systems shall be designed to assure that their rupture or inadvertent operation does not significantly
impair the safety capability of these structures, systems and components.

3.1-2  Am. 3-7/85



DISCUSSION 
 
NFPA 805 does not supersede the requirements of GDC 3, 10 CFR 50.48(a), or 10 CFR 
50.48(f).Those regulatory requirements continue to apply to licensees that adopt NFPA 805. 
However, under NFPA 805, the means by which GDC 3 or 10 CFR 50.48(a) requirements may be 
met is different than under 10 CFR 50.48(b). Specifically, whereas GDC 3 refers to structures, 
systems, and components (SSCs) important to safety, NFPA 805 identifies fire protection systems 
and features required to meet the Chapter 1 performance criteria through the methodology in Chapter 
4 of NFPA 805. Also, under NFPA 805, the 10 CFR 50.48(a)(2)(iii) requirement to limit fire damage to 
SSCs important to safety so that the capability to safely shut down the plant is ensured, is satisfied by 
meeting the performance criteria in Section 1.5.1 of NFPA 805. The Section 1.5.1 criteria include 
provisions for ensuring that reactivity control, inventory and pressure control, decay heat removal, 
vital auxiliaries, and process monitoring are achieved and maintained. 
 
This methodology specifies a process to identify the fire protection systems and features required to 
achieve the nuclear safety performance criteria in Section 1.5 of NFPA 805. Once a determination 
has been made that a fire protection system or feature is required to achieve the performance criteria 
of Section 1.5, its design and qualification must meet any applicable requirements of NFPA 805, 
Chapter 3. Having identified the required fire protection systems and features, the licensee selects 
either a deterministic or performance-based approach to demonstrate that the performance criteria 
are satisfied. This process satisfies the GDC 3 requirement to design and locate SSCs important to 
safety to minimize the probability and effects of fires and explosions. (Reference 1)  
 
3.1.4 CRITERION 4 - ENVIRONMENTAL AND MISSILE DESIGN BASES 
 
Structures, systems and components important to safety shall be designed to accommodate the  
effects of and to be compatible with the environmental conditions associated with normal operation,  
maintenance, testing, and postulated accidents, including loss-of-coolant accidents.  These  
structures, systems, and components shall be appropriately protected against dynamic effects,  
including the effects of missiles, pipe whipping, and discharging fluids, that may result from  
equipment failures and from events and conditions outside the nuclear power unit.  However,  
dynamic effects associated with postulated pipe ruptures in nuclear power units may be excluded  
from the design basis when analysis reviewed and approved by the Commission demonstrate that the  
probability of fluid system piping rupture is extremely low under conditions consistent with the design  
basis for the piping.  
 
DISCUSSION 
 
Structures, systems and components important to safety are designed to accommodate the effects of 
and to be compatible with the pressure, temperature, humidity, and radiation conditions associated 
with normal operation, maintenance, testing, and postulated accidents including a LOCA, in the area 
in which they are located. 
 
Due to the application of leak before break methodology to the RCS hot and cold leg piping, the  
dynamic effects associated with circumferential (guillotine) and longitudinal (slot) breaks do not have  
to be considered.  A technical evaluation was performed to demonstrate that the probability of  
likelihood of such breaks occurring is sufficiently low that they need not be a design basis (see  
Reference 24 in Section 3.6).  
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Protective walls and slabs, local missile shielding, or restraining devices are provided to protect the 
containment and engineered safety features systems within the containment against damage from 
missiles generated by equipment failures. The concrete enclosing the reactor coolant system serves 
as radiation shielding and an effective barrier against internally generated missiles. Local missile 
barriers are provided for control element drive mechanisms. Penetrations and piping extending 
outward from the containment, up to and including isolation valves are protected from damage due to 
pipe whipping, and are protected from damage by external missiles, where such protection is 
necessary to meet the design bases. 
 
Non-seismic Class I piping is arranged or restrained so that failure of any non-seismic Class I piping 
will neither cause a nuclear accident nor prevent essential seismic Class I structures or equipment 
from mitigating the consequences of such an accident. 
 
Seismic Class I piping is arranged or restrained such that in the event of rupture of a Class I seismic 
pipe which causes a LOCA, resulting pipe movement will not result in loss of containment integrity or 
adequate engineered safety features systems operation. 
 
The structures inside the containment vessel are designed to sustain dynamic loads which could 
result from failure of major equipment and piping, such as jet thrust, jet impingement and local 
pressure transients, where containment integrity is needed to cope with the conditions. 
 
The external concrete shield building protects the steel containment vessel from damage due to 
external missiles such as tornado propelled missiles. 
 
For those components which are required to operate under extreme conditions such as design 
seismic loads or containment post-LOCA environmental conditions, the manufacturers submit type 
test, operational or calculational data which substantiate this capability of the equipment. 
 
Refer to Section 3.5, 3.6, 3.7.5 and 3.11 for details. 

3.1.5 CRITERION 5 - SHARING OF STRUCTURES, SYSTEMS OR COMPONENTS 
 
Structures, systems and components important to safety shall not be shared among nuclear power 
units unless it can be shown that such sharing will not significantly impair their ability to perform their 
safety functions, including, in the event of an accident in one unit, an orderly shutdown and cooldown 
of the remaining units. 

DISCUSSION 
 
Safety related components interconnected between the two units include the condensate storage  
tanks,  the diesel generator fuel oil system, and the Class 1E 4.16 kV switchgear (1AB and 2AB)  
Station Blackout cross-tie.  These safety related interconnections are not normally used by both units  
and employ isolation devices between them.  Locked closed isolation valves are provided for the  
AFW and diesel generator fuel oil inter-ties.  The Station Blackout cross-tie has two breakers in series  
for isolation between the two units.  The failure of equipment on one unit will not impair the ability of  
the counterpart on the other unit from performing its safety related function. The interconnections  
provide added redundancy and operational flexibility without compromising unit and system  
independence.  
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In accordance with NRC staff requirements, a missile protected inter-tie is provided between the Unit  
1 auxiliary feedwater pump suction lines and the Unit 2 condensate storage tank (CST) to be used  
under administrative control.  To add to the systems operational flexibility, the provision to supply the  
Unit 2 auxiliary feedwater pumps from the Unit 1 condensate storage tank is also provided.  To 
prevent inadvertent draining of the Unit 2 CST to the Unit 1 CST, plant procedures for placing the 
inter-tie in service require that the Unit 1 CST outlet isolation valves be closed prior to placing the 
inter-tie line in service.  This helps to assure that the water level in the Unit 2 CST is maintained at the 
minimum value required for safe shutdown.  
  
In the unlikely event of a loss of offsite power, both St. Lucie Units 1 and 2 have their own 
100 percent  capacity redundant diesel generator sets which are available for safe shutdown.  
  
In the unlikely event of a station blackout in one unit, i.e., total loss of AC power on-site and off-site,  
both units can be electrically connected, under administrative control, such that a diesel generator set  
from the non-blacked out unit is able to provide power to the minimum loads required to maintain both  
units in a hot standby condition.  
  
The ultimate heat sink (a safety related structure) supplies emergency cooling water to both St. Lucie  
Units 1 and 2.  The canal has sufficient cross-sectional water flow area to mitigate the consequences  
of a LOCA on one unit while safely shutting down the other unit.  
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3.1.10 CRITERION 10 - REACTOR DESIGN

The reactor core and associated coolant, control and protection systems shall be designed with
appropriate margin to assure that specified acceptable fuel design limits are not exceeded during any
condition of normal operation, including the effects of anticipated operational occurrences.

DISCUSSION

In ANSI-N 18.2, plant conditions have been categorized in accordance with their anticipated
frequency of occurrence and risk to the public, and design requirements are given for each of the four
categories. These categories covered by this criterion are Condition I - Normal Operation and
Condition II - Faults of Moderate Frequency.

The design requirement for Condition I is that margin shall be provided between any plant parameter
and the value of that parameter which would require either automatic or manual protective action; it is
met by providing an adequate control system (refer to Section 7.7). The design requirement for
Condition II is that such faults shall be accommodated with, at most, a shutdown of the reactor, with
the plant capable of returning to operation after corrective action; it is met by providing an adequate
protective system. (refer to Section 7.2 and Chapter 15)

Specified acceptable fuel design limits are stated in Section 4.4. Minimum margins to specified
acceptable fuel design limits are prescribed in the Technical Specifications (Limiting Conditions for
Operations) which support Chapters 4 and 15 of the Safety Analysis Report. The plant is designed
such that operation within Limiting Conditions for Operation, with safety system settings not less
conservative than Limiting Safety System Settings prescribed in the Technical Specifications, assures
that specified acceptable fuel design limits will not be violated as a result of anticipated operational
occurrences. During non-accident conditions, operation of the plant within Limiting Conditions for
Operation ensures that specified acceptable fuel design limits are not approached within the minimum
margins. Operator action, aided by the control systems and monitored by plant instrumentation,
maintains the plant within Limiting Conditions for Operation during non-accident conditions.

3.1.11 CRITERION 11 - REACTOR INHERENT PROTECTION

The reactor core and associated coolant systems shall be designed so that in the power operating
range the net effect of the prompt inherent nuclear feedback characteristics tends to compensate for
a rapid increase in reactivity.

DISCUSSION

In the power operating range, the combined response of the fuel temperature coefficient, the
moderator temperature coefficient, the moderator void coefficient, and the moderator pressure
coefficient to an increase in reactor power in the power operating range is a decrease in reactivity;
i.e., the inherent nuclear feedback characteristics is negative.

3.1-7



The reactivity coefficients are listed in Table 4.3-3 and are discussed in detail in Section 4.3.1.

3.1.12 CRITERION 12 - SUPPRESSION OF REACTOR POWER OSCILLATIONS

The reactor core and associated coolant, control, and protection systems shall be designed to assure
that power oscillations which can result in conditions exceeding specified acceptable fuel design limits
are not possible or can be reliably and readily detected and suppressed.

DISCUSSION

Power level oscillations do not occur. The effect of the negative power coefficient of reactivity (see
Criterion 11), together with the coolant temperature program maintained by control of regulating rods
and soluble boron, provides fundamental mode stability. Power level is continuously monitored by
neutron flux detectors (Section 7.2.1.1) and by reactor coolant temperature difference measuring
devices.

3.1.13 CRITERION 13 - INSTRUMENTATION AND CONTROL

Instrumentation shall be provided to monitor variables and systems over their anticipated ranges for
normal operation, for anticipated operational occurrences, and for accident conditions as appropriate
to assure adequate safety, including those variables and systems that can affect the fission process,
the integrity of the reactor core, the reactor coolant pressure boundary, and the containment and its
associated systems.  Appropriate controls shall be provided to maintain these variables and systems
within prescribed operating ranges.

DISCUSSION

Instrumentation is provided, as required, to monitor and maintain significant process variables which
can affect the fission process, the integrity of the reactor core, the reactor coolant pressure boundary,
and the containment and its associated systems. Controls are provided for the purpose of maintaining
these variables within the limits prescribed for safe operation.

The principal variables and systems monitored include neutron level -(reactor power); reactor coolant
temperature, flow, and pressure; pressurizer liquid level; steam generator level and pressure; and
containment pressure and temperature. In addition, instrumentation is provided for continuous
automatic monitoring of process radiation level in the reactor coolant system.
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The following is provided to monitor and maintain control over the fission process during both 
transient and steady state periods over the lifetime of the core: 
 
a) Ten independent channels of nuclear instrumentation, which constitute the primary monitor of 

the fission process. Of these channels, the four wide range channels are used to monitor the 
reactor from start-up through full power; four will monitor the reactor in the power range and are 
used to initiate a reactor shutdown in the event of overpower. 

 
b) Two independent CEA Position Indicating Systems 
 
c) A boron dilution alarm, which provides an alarm when a boron dilution event is in progress, is 

provided as a backup to the primary method of determining soluble poison concentration by 
sampling and analysis of reactor coolant water.  

 
d) Control of reactor power by means of CEAs 
 
e) Manual regulation of coolant boron concentrations 
 
Incore instrumentation is provided to supplement information on core power distribution and to 
provide for calibration of out-of-core flux detectors. 
 
Instrumentation measures temperatures, pressures, flows, and levels in the main steam system and 
auxiliary systems and is used to maintain these variables within prescribed limits. 
 
The reactor protective system is designed to monitor the reactor operating conditions and to effect 
reliable and rapid reactor trip if any one or a combination of conditions deviate from a preselected 
operating range. 
 
The containment pressure and radiation instrumentation is designed to function during normal 
operation and the postulated accidents. 
 
The instrumentation and control systems are described in detail in Chapter 7. 
 
3.1.14 CRITERION 14 - REACTOR COOLANT PRESSURE BOUNDARY 
 
The reactor coolant pressure boundary shall be designed, fabricated, 
erected and tested so as to have an extremely low probability of abnormal 
leakage, of rapidly propagating failure and of gross rupture. 
 
DISCUSSION 
 
Reactor coolant system components are designed in accordance with the ASME Code Section III, 
and ANSI B 31.7. Quality control, inspection, and testing as required by these codes and allowable 
reactor pressure temperature operations ensure the integrity of the Reactor Coolant System. 
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The reactor coolant boundary is designed to accommodate the system pressures and temperatures 
attained under all expected modes of unit operation including all anticipated transients, and maintain 
the stresses within applicable stress limits. 
 
Design pressures, temperatures and transients are listed in Chapter 5 and details of the transient 
analysis are provided in Chapter 15. 
 
Means are provided to detect significant leakage from the reactor coolant pressure boundary with 
monitoring readouts and alarms in the control room as discussed in Chapters 5 and 12. 
 
The pressure boundary has provisions for in-service inspection as described in Section 5.2.5, to 
ensure continuance of the structural and leaktight integrity of the boundary. For the reactor vessel, a 
material surveillance program conforming with ASTM-E-185 is provided as discussed in Chapter 5. 
 
3.1.15 CRITERION 15 - REACTOR COOLANT SYSTEM DESIGN 
 
The reactor coolant system and associated auxiliary, control, and protection systems shall be 
designed with sufficient margin to assure that the design conditions of the reactor coolant pressure 
boundary are not exceeded during any condition of normal operations including anticipated 
operational occurrences. 
 
DISCUSSION 
 
The design criteria and bases for the reactor coolant system pressure boundary are described in the 
response to Criterion 14. 
 
The operating conditions established for the normal steady state and transient operation and 
anticipated operational occurrences are discussed in Chapter 5.  The control systems are designed to 
maintain the controlled plant variables within these operating limits, thereby ensuring that a 
satisfactory margin is maintained between the plant operating conditions and the design limits. 
 
The reactor protective system (Section 7.2) functions to minimize the deviation from normal operating 
limits in the event of certain anticipated operational occurrences; the results of analyses given in 
Section 15.2 and 15.3 show that the design limits of the reactor coolant pressure boundary are not 
exceeded in the event of any anticipated operational occurrence. 
 
3.1.16 CRITERION 16 - CONTAINMENT DESIGN 
 
Reactor containment and associated systems shall be provided to establish an essentially leaktight 
barrier against the uncontrolled release of radioactivity to the environment and to assure that the 
containment design conditions important to safety are not exceeded for as long as postulated 
accident conditions require. 
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DISCUSSION

The containment system is designed to protect the public from the consequences of a LOCA, based
on a postulated break of reactor coolant piping up to and including a double ended break of the
largest reactor coolant pipe.

The containment vessel, shield building, and the associated engineered safety features systems are
designed to safely sustain all internal and external environmental conditions that may reasonably be
expected to occur during the life of the plant, including both short and long term effects following a
LOCA.

Leak tightness of the containment system and short and long term performance following a LOCA are
analyzed in Section 6.2.

3.1.17 CRITERION 17 - ELECTRICAL POWER SYSTEMS

An on-site electrical power system and an off-site electrical power system shall be provided to permit
functioning of structures, systems, and components important to safety.  The safety function for each
system (assuming the other system is not functioning) shall be to provide sufficient capacity and
capability to assure that (1) specified acceptable fuel design limits and design conditions of the
reactor coolant pressure boundary are not exceeded as a result of anticipated operational
occurrences and (2) the core is cooled and containment integrity and other vital functions are
maintained in the event of postulated accidents.

The on-site electrical power sources, including the batteries, and the on-site electrical distribution
system, shall have sufficient independence, redundancy, and testability to perform their safety
functions assuming a single failure.

Electrical power from the transmission network to the switchyard shall be supplied by two physically
independent transmission lines (not necessarily on separate rights-of-way) designed and located so
as to suitably minimize the likelihood of their simultaneous failure under operating and postulated
accident and environmental conditions.  Two physically independent circuits from the switchyard to
the on-site electrical distribution system shall be provided.  Each of these circuits shall be designed to
be available in sufficient time following a loss of all on-site alternating current power sources and the
other off-site electrical power circuit, to assure that specified acceptable fuel design limits and design
conditions of the reactor coolant pressure boundary are not exceeded.  One of these circuits shall be
designed to be available within a few seconds following a loss of coolant accident to assure that core
coolant, containment integrity, and other vital safety functions are maintained.

Provisions shall be included to minimize the probability of losing electrical power from any of the
remaining sources as a result of, or coincident with, the loss of power generated by the nuclear power
unit,
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the loss of power from the transmission network, or the loss of power from the on-site electrical power 
sources. 
 
DISCUSSION 
 
Off-site power is transmitted to the plant switchyard by four physically independent 230 kv 
transmission lines. During normal plant operation, the station auxiliary power is normally supplied 
from the main generator through the plant auxiliary transformers. Upon loss of power from the 
auxiliary transformers, there will be a "fast dead bus" automatic transfer to the start-up transformers 
thus providing continuity of power. 
 
In the event of a loss of the off-site power sources, two emergency on-site diesel generator sets and 
redundant sets of station batteries provide the necessary ac and dc power for safe shutdown or, in 
the event of an accident, provide the necessary power to restrict the consequences to within 
acceptable limits.  The on-site emergency ac and dc power systems consist of redundant and 
independent power sources and distribution systems such that a single failure does not prevent the 
systems from performing their safety function. 
 
Refer to Section 8.2.1 and 8.3.2 for further discussion of off-site power sources and on-site power 
sources respectively. 
 
3.1.18 CRITERION 18 - INSPECTION AND TESTING OF ELECTRIC POWER SYSTEMS 
 
Electric power systems important to safety shall be designed to permit appropriate periodic inspection 
and testing of important areas and features, such as wiring, insulation, connections and switchboards 
to assess the continuity of the systems and the conditions of their components.  The system shall be 
designed with a capability to test periodically (1) the operability and functional performance of the 
components of the systems, such as on-site power sources, relays, switches and buses, and (2) the 
operability of the systems as a whole, and, under conditions as close to design as practical, the full 
operational sequence that brings the systems into operation, including operation of applicable 
portions of the protection system, and the transfer of power among the nuclear power unit, the off-site 
power system, and the on-site power system. 
 
DISCUSSION 
 
Electrical power systems important to safety are designed to permit appropriate periodic inspection 
and testing of important areas and features such as wiring, insulation, connections, and switchboards 
to assess the continuity of the systems and to detect deterioration, if any, of their components. 
Capability is provided to periodically test the operability and functional performance of the 
components of the systems.  The diesel generator sets will be started and loaded periodically 
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on a routine basis and relays, switches, and buses will be inspected and tested for operation and 
availability on an individual basis. 
 
Transfers from normal to emergency sources of power will be made to check the operability of the 
systems and the full operational sequence that brings the systems into operation. 
 
Refer to Sections 8.3.1.3, 8.3.2.3, and the Technical Specifications. 
 
3.1.19  CRITERION 19 - CONTROL ROOM 
 
A control room shall be provided from which actions can be taken to operate the nuclear power unit 
safely under normal conditions and to maintain it in safe condition under accident conditions, 
including loss of coolant accidents. Adequate radiation protection shall be provided to permit access 
and occupancy of the control room under accident conditions without personnel receiving radiation 
exposures in excess of 5 rem total effective dose equivalent for the duration of the accident. 
 
Equipment in appropriate locations outside the control room shall be provided (1) with a design 
capability for prompt hot shutdown of the reactor, including necessary instrumentation and controls to 
maintain the unit in a safe condition during hot shutdown, and (2) with a potential capability for 
subsequent cold shutdown of the reactor through the use of suitable procedures. 
 
DISCUSSION 
 
Following proven power plant design philosophy, all control stations, switches, controllers and 
indicators necessary to operate or shut down the unit and maintain safe control of the facility are 
located in the control room. 
 
The design of the control room permits safe occupancy during abnormal conditions. Shielding is 
designed to maintain tolerable radiation exposure levels (maximum of 3 rem integrated whole body 
dose over a 90 day period) following design basis accidents (refer to Section 12.1).  The control room 
will be isolated from the outside atmosphere during the initial period following the occurrence of an 
accident.  The control room ventilation system is designed to recirculate control room air through 
HEPA and charcoal filters as discussed in Sections 9.4.1 and 12.2.  Radiation detectors and alarms 
are provided. Emergency lighting is provided as discussed in Section 9.5.3. 
 
Alternate local controls and local instruments are available for equipment required to bring the plant to 
and maintain a hot standby condition.  It is also possible to attain a cold shutdown condition from 
locations outside of the control room through the use of suitable procedures.  Refer to Section 7.4.1. 
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3.1.20 CRITERION 20 - PROTECTION SYSTEM FUNCTIONS

The protection system shall be designed (1) to initiate automatically the operation of appropriate
systems including the reactivity control systems, to assure that specified acceptable fuel design limits
are not exceeded as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to safety.

DISCUSSION

The reactor protective system monitors reactor operating conditions and automatically initiates a
reactor trip when the monitored variable or combination of variables exceeds a prescribed operating
range.  The reactor trip setpoints are selected to ensure that anticipated operational occurrences do
not cause acceptable fuel design limits to be violated. Specific reactor trips are described in Section
7.2.

Reactor trip is accomplished by deenergizing the control element drive mechanism holding latch coils
through the interruption of the CEDM power supply.  The CEA's are thus released to drop into the
core reducing reactor power.

The engineered safety features actuation system monitors potential accident conditions and
automatically initiates engineered safety features and their supporting systems when the monitored
variables reach prescribed setpoints.  The parameters which automatically actuate engineered safety
features are described in Section 7.3.  Manual actuation is provided to the operator.

3.1.21 CRITERION 21 - PROTECTION SYSTEM RELIABILITY AND TESTABILITY

The protection system shall be designed for high functional reliability and inservice testability
commensurate with the safety functions to be performed.  Redundancy and independence designed
into the protection system shall be sufficient to assure that (1) no single failure results in loss of the
protection function and (2) removal from service of any component or channel does not result in loss
of the required minimum redundancy unless the acceptable reliability of operation of the protection
system can be otherwise demonstrated.  The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a capability to test channels
independently to determine failures and losses of redundancy that may have occurred.

DISCUSSION

The protection systems are designed to provide high functional reliability and in-service testability by
designing to the requirements of IEEE 279 - 1971 and IEEE 338 - 1971.  No single failure will result in
the loss of the protection function. The protection channels are independent with respect to sensors
and power supplies, piping, wire routing and mounting. This independence permits testing
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without loss of the protection function.

Each channel of the protection system, including the sensors up-to the final actuation device is
capable of being checked during reactor operation.  Measurement sensors of each channel used in
protection systems are checked by observing outputs of similar channels which are presented on
indicators and recorders in the control room.  Trip units and logic are tested by inserting a signal into
the measurement channel ahead of the readout and, upon application of a trip level input, observing
that a signal is passed through the trip units and the logic to the logic output relays.  The logic output
relays are tested individually for initiation of trip action.

Protection system reliability and testability are discussed in Sections
7.2.2 and 7.3.2.

3.1.22 CRITERION 22 - PROTECTION SYSTEM INDEPENDENCE

The protection system shall be designed to assure that the effects of natural phenomena, and of
normal operating, maintenance, testing and postulated accident conditions on redundant channels do
not result in loss of the protection function, or shall be demonstrated to be acceptable on some other
defined basis.  Design techniques, such as functional diversity or diversity in component design and
principles of operation, shall be used to the extent practical to prevent loss of the protection function.

DISCUSSION

The protection systems conform to the provisions of the Institute of Electrical and Electronic
Engineers (IEEE) Criteria for Protection Systems for Nuclear Power Generating Stations, IEEE 279 -
1971.  Four independent measurement channels complete with sensors, sensor power supplies,
signal conditioning units and bistable trip units are provided for each protective parameter monitored
by the protection systems.  The measurement channels are provided with a high degree of
independence by separate connections of the channel sensors to the process systems.  Power to the
channels is provided by independent emergency power supply buses.

The protective system is functionally tested to ensure satisfactory operation prior to installation in the
plant.  Environmental and seismic qualifications are also performed utilizing type tests and specific
equipment tests. (Refer to Section 7.1.2)

3.1.23 CRITERION 23 - PROTECTION SYSTEM FAILURE MODES

The protection system shall be designed to fail into a safe state or into a state demonstrated to be
acceptable on some other defined basis if conditions such as disconnection of the system, loss of
energy (e.g., electric power, instrument air) or postulated adverse environments (e.g., extreme heat
or cold, fire, pressure, steam, water, and radiation) are experienced.
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DISCUSSION

Protective system trip channels are designed to fail into a safe state or into a state established as
acceptable in the event of loss of power supply or disconnection of the system. A loss of power to the
CEDM holding coils results in gravity insertion of the full length CEAS into the core. Redundancy,
channel independence, and separation incorporated in the protective system design minimize the
possibility of the loss of a protection function under adverse environmental conditions. Refer to
Sections 7.2 and 7.3.

3.1.24 CRITERION 24 - SEPARATION OF PROTECTION AND CONTROL SYSTEMS

The protection system shall be separated from control systems to the extent that failure of any single
control system component or channel, or failure or removal from service of any single protection
system component or channel which is common to the control and protection systems leaves intact a
system satisfying all reliability, redundancy, and independence requirements of the protection system.
Interconnection of the protection and control systems shall be limited so as to assure that safety is not
significantly impaired.

DISCUSSION

The protection systems are separated from the control instrumentation systems so that failure or
removal from service of any control instrumentation system component or channel does not inhibit the
function of the protection system.

3.1.25 CRITERION 25 - PROTECTION SYSTEM REQUIREMENTS FOR REACTIVITYCONTROL
MALFUNCTIONS

The protection system shall be designed to assure that specified acceptable fuel design limits are not
exceeded for any single malfunction of the reactivity control systems, such as accidental withdrawal
(not ejection or dropout) of control rods.

DISCUSSION

Reactor shutdown with CEA's is accomplished completely independent of the control functions since
the trip breakers interrupt power to the full length CEA drive mechanisms regardless of existing
control signals.  The design is such that the system can withstand accidental withdrawal of controlling
groups without exceeding acceptable fuel design limits.  Analysis of possible reactivity control
malfunctions is given in Sections 15.2.1 and 15.2.2.  The reactor protection system will prevent
specified acceptable fuel design limits from being exceeded for any anticipated transients.
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3.1.26 CRITERION 26 - REACTIVITY CONTROL SYSTEM REDUNDANCY AND CAPABILITY

Two independent reactivity control systems of different design principles shall be provided.  One of
the systems shall use control rods, preferably including a positive means for inserting the rods, and
shall be capable of reliably controlling reactivity changes to assure that under conditions of normal
operation, including anticipated operational occurrences, and with appropriate margin for
malfunctions such as stuck rods, specified acceptable fuel design limits are not exceeded.  The
second reactivity control system shall be capable of reliably controlling the rate of reactivity changes
resulting from planned, normal power changes (including xenon burnout) to assure acceptable fuel
design limits are not exceeded.  One of the systems shall be capable of holding the reactor core
subcritical under cold conditions.

DISCUSSION

Two independent reactivity control systems of different design principles are provided.  The first
system, using control element assemblies (CEA's) includes a positive means (gravity) for inserting
CEA's and is capable of controlling reactivity changes to assure that under conditions of normal
operation, including anticipated operational occurrences specified acceptable fuel design limits are
not exceeded.  The CEA's can be mechanically driven into the core. The appropriate margin for a
stuck CEA is provided by assuming in the analyses that the highest worth CEA does not fall into the
core.

The second system, using neutron absorbing soluble boron, is capable of Compensating for the rate
of reactivity changes resulting from planned normal power changes, (including xenon burnout), such
that acceptable fuel design limits are not exceeded.

Either system is capable of making the core subcritical from a hot operating condition and holding it
subcritical in the hot standby condition.  The soluble boron system is capable of holding.the reactor
subcritical under cold conditions-Refer to Section 9.3.4 for details.

3.1.27 CRITERION 27 - COMBINED REACTIVITY CONTROL SYSTEMS CAPABILITY

The reactivity control systems shall be designed to have a combined capability, in conjunction with
poison addition by the emergency core cooling system, of reliably controlling reactivity changes to
assure that under postulated accident conditions and with appropriate margin for stuck rods the
capability to cool the core is maintained.

DISCUSSION

The reactivity control systems provide the means for making and holding the core subcritical under
postulated accident conditions, as discussed in Sections 9.3.4 and 4.3. Combined use of CEA's and
soluble boron control by the chemical and volume control system provides the shutdown margin
required for plant cooldown and long term xenon decay, assuming
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the highest worth CEA is stuck out of the core. 
 
During an accident, the safety injection system functions to inject concentrated boric acid into the 
reactor coolant system for long term and short term cooling and for reactivity control.  Details of the 
system are given in Section 6.3. 
 
3.1.28 CRITERION 28 - REACTIVITY LIMITS 
 
The reactivity control systems shall be designed with appropriate limits on the potential amount and 
rate of reactivity increase to assure that the effects of postulated reactivity accidents can neither (1) 
result in damage to the reactor coolant pressure boundary greater than limited local yielding nor (2) 
sufficiently disturb the core, its support structures or other reactor pressure vessel internals to impair 
significantly the capability to cool the core.  These postulated reactivity accidents shall include 
consideration of rod ejection (unless prevented by positive means) rod dropout, steam line rupture, 
changes in reactor coolant temperature and pressure, and cold water addition. 
 
DISCUSSION 
 
The bases for control element assembly (CEA) design and control program for positioning in the core 
include ensuring that the reactivity worth of any one CEA is not greater than a preselected minimum 
value.  The CEAs are divided into three sets, a shutdown set, a regulating set, and a part strength 
set, further subdivided into groups as necessary.  Administrative procedures and interlocks ensure 
that only one group is withdrawn at a time, and that the regulating groups are withdrawn only after the 
shutdown groups are fully withdrawn.  The regulating groups are programmed to move in sequence 
and within limits which prevent the rate of reactivity addition and the worth of individual CEAs from 
exceeding limiting values as discussed in Sections 4.3 and 7.1.1.  The part strlength CEAs are 
utilized for manually controlling axial flux peaks. 
 
The maximum rate of reactivity addition which may be produced by the chemical and volume control 
system is too low to induce any significant pressure forces which might degrade the reactor coolant 
pressure boundary leak tightness integrity or disturb the reactor vessel intervals. 
 
The reactor coolant pressure boundary described in Chapter 5 and the reactor internals described in 
Chapter 4 are designed to appropriate codes delineated in the response to Criterion 14.  The 
pressure boundary and internals can accommodate the static and dynamic loads associated with an 
inadvertent sudden release of energy, such as that resulting from a CEA ejection or a steam line 
break, without rupture and with limited deformation which will not impair the capability of cooling the 
core. 
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3.1.29 CRITERION 29 - PROTECTION AGAINST ANTICIPATED OPERATIONAL OCCURRENCES

The protection and reactivity control systems shall he designed to assure an extremely high
probability of accomplishing their safety functions in the event of anticipated operational occurrences.

DISCUSSION

Plant conditions designated as Condition I and Condition II in ANS-N 18.2 have been carefully
considered in the design of tile reactor protective system and the reactivity control systems.
Consideration of redundancy, independence and testability in the design, coupled with careful
component selection, overall system testing, and adherence to detailed quality assurance, assure an
extremely high probability that safety functions are accomplished in the event of anticipated
operational occurrences.

3.1.30 CRITERION 30 - QUALITY OF REACTOR COOLANT PRESSURE BOUNDARY

Components which are part of the reactor coolant pressure boundary shall be designed, fabricated,
erected and tested to the highest quality standards practical.  Means shall be provided for detecting
and, to the extent practical, identifying the location of the source of reactor coolant leakage.

DISCUSSION

The reactor coolant pressure boundary components are designed, fabricated, erected and tested in
accordance with the codes and standards specified in Criterion 14.

Containment sump instrumentation is used to detect reactor coolant system leakage (Section 5.2.4)
by providing information on sump levels and frequency of sump pump operation.  Flow
instrumentation indicate and record make-up flow rate and volumes from the primary water system.
This instrumentation allows detection of suddenly occurring leaks or those which are gradually
increasing. Containment radiation monitors (Section 12.1) provide an additional means of reactor
coolant system leakage detection.
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3.1.31 CRITERION 31 - FRACTURE PREVENTION OF REACTOR COOLANT PRESSURE 
BOUNDARY 

 
The reactor coolant pressure boundary shall be designed with sufficient margin to assure that when 
stressed under operating, maintenance, testing, and postulated accident conditions (1) the boundary 
behaves in a nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized.  
The design shall reflect consideration of service temperatures and other conditions of the boundary 
material under operating, maintenance, testing and postulated accident conditions and the 
uncertainties in determining (1) material properties, (2) the effects of irradiation on material properties, 
(3) residual, steady-state and transient stresses, and (4) size of flaws. 
 
DISCUSSION 
 
Carbon and low-alloy steel materials which form part of the pressure boundary meet the requirements 
of the ASME Code, Section III, paragraph N-330 at a temperature of + 40F.  The actual nil-ductility 
transition temperature (NDTT) of the materials has been determined by drop weight tests in 
accordance with ASTM-E-208. For the reactor vessel, Charpy tests will be also performed and the 
results will be used to plot a Charpy transition curve.  The NDTT as determined by drop weight test 
will be used to correlate the Charpy transition curve and establish nonirradiated base points for the 
surveillance program. See Criterion 32 and Section 5.2.3.5. 
 
The combined static and transient loadings are limited, whenever the reactor coolant system 
temperature is below NDTT + 60F to sufficiently low values to make the probability of a rapidly 
propagating failure extremely remote. 
 
All the reactor coolant pressure boundary components are constructed in accordance with the 
applicable codes and comply with the test and inspection requirements of these codes.  These test 
inspection requirements assure that flaw sizes are limited so that the probability of failure by rapid 
propagation is extremely remote.  Particular emphasis is placed on the quality control applied to the 
reactor vessel, on which tests and inspections exceeding code requirements are performed.  The 
tests and inspection performed on the reactor vessel are summarized in Sections 5.4.5 and 5.4.6. 
 
Excessive embrittlement of the reactor vessel material due to neutron radiation is prevented by 
providing an annulus of coolant water between the reactor core and the vessel.  Results of the EPU 
vessel irradiation assessment are discussed in Section 4.3.2.9.  Neutron fluence and radiation 
embrittlement of the reactor vessel are periodically monitored by the reactor vessel surveillance 
program described in Section 5.4.4. 
  
A surveillance program  will be conducted (see Criterion 36) to allow monitoring of the NDT 
temperature shift of the vessel  material during its lifetime.  Based on the determined NDT 
temperature, for a given exposure, operating restrictions to limit vessel stresses would be applied as 
necessary.  The reactor coolant system pressure is limited at low temperatures by the pressure 
temperature limit curves and the low temperature overpressure protection (LTOP) system.  The 
combination of the operating limits and the LTOP system assure that required fracture toughness 
requirements are maintained for the reactor coolant system pressure boundary and that stresses are 
sufficiently low to preclude brittle fracture. 
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During normal start-up for power operation, the reactor will not be made critical until the reactor
coolant system temperature is at least 120°F  greater than the predicted nil ductility transition
temperature based on plant records of fast neutron dose to the vessel.  The stress criteria include the
maximum loads associated with the most severe transients during emergency conditions at operating
temperature.   This will assure that a reactivity-induced loading which would contribute to elastic or
plastic deformation cannot occur below a reactor operating temperature corresponding to NDTT
+120°F.

The activation of the safety injection systems will introduce highly borated water into the primary
system at pressures significantly below operating pressures and will not cause adverse pressure or
reactivity effects.

The thermal stresses induced by the injection of cold water into the vessel have been examined.
Analysis shows that there is no gross yielding across the vessel wall using the minimum specified
yield strength in the ASME Boiler and Pressure Vessel Code, Section III.

Adverse effects that could be caused by exposure of equipment or instrumentation to containment
spray water is avoided by designing the equipment or instrumentation to withstand direct spray or by
locating it or protecting it to avoid direct spray.

3.1.32 CRITERION 32 - INSPECTION OF REACTOR COOLANT PRESSURE BOUNDARY

Components which are part of the reactor coolant pressure boundary shall be designed to permit (1)
periodic inspection and testing of important areas and features to assess their structural and leaktight
integrity, and (2) an appropriate material surveillance program for the reactor pressure vessel.

DISCUSSION

Provisions are made for inspection, testing, and surveillance of the reactor coolant system boundary
as described in Section 5.2.5.

The reactor vessel material surveillance program described in Section 5.4.4 conforms with ASTM-E-
185-66.  Sample pieces taken from the same shell plate material used in fabrication of the reactor
vessel are installed between the core and the vessel inside wall.  These samples will be removed and
tested at intervals during vessel life to provide an indication of the extent of the neutron embrittlement
of the vessel wall.  Charpy tests will be performed on the samples to develop a Charpy transition
curve.  By comparison of this curve with the Charpy curve and drop weight tests on specimens taken
at the beginning of the vessel life, the change of NDTT will be determined and operating instructions
adjusted as required.
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3.1.33 CRITERION 33 - REACTOR COOLANT MAKEUP 
 
A system to supply reactor coolant makeup for protection against small breaks in the reactor coolant 
pressure boundary shall be provided.  The system safety function shall be to assure that specified 
acceptable fuel design limits are not exceeded as a result of reactor coolant loss due to leakage from 
the reactor coolant pressure boundary and rupture of small piping or other small components which 
are part of the boundary.  The system shall be designed to assure that for onsite electrical power 
system operation  (assuming offsite power is not available) and for offsite electrical power system 
operation (assuming onsite power is not available) the system safety function can be accomplished 
using the piping, pumps and valves used to maintain coolant inventory during normal reactor 
operation. 
 
DISCUSSION 
 
Reactor coolant makeup during normal operation is provided by the chemical and volume control 
system (Section 9.3.4) which includes three positive displacement charging pumps rated at 44 gpm 
each.  The design incorporates a high degree of functional reliability by provision of redundant pumps 
and alternate paths for charging.  The charting pumps can be powered from either on-site or off-site 
power sources including the diesel generator sets. It is not the function of the chemical and volume 
control systems to provide protection against small breaks; this safety function is provided by the 
safety injection system.  The chemical and volume control system does have the capability of 
balancing the flow loss to the containment for leaks in the reactor coolant boundary up to 0.30 in. 
equivalent diameter with only one charging pump operating.  However, loss of this chemical and 
volume control system capability in no way compromises the safety of the reactor plant. 
 
3.1.34 CRITERION 34 - RESIDUAL HEAT REMOVAL 
 
A system to remove residual heat shall be provided.  The system safety function shall be to transfer 
fission product decay heat and other residual heat from the reactor core at a rate such that specified 
acceptable fuel design limits and the design conditions of the reactor coolant pressure boundary are 
not exceeded. 
 
Suitable redundancy in components and features, and suitable interconnections, leak detection, and 
isolation capabilities shall be provided to assure that for onsite electrical power system operation  
(assuming offsite power is not available) and for offsite electrical power system operation (assuming 
onsite power is not available) the system safety function can be accomplished, assuming a single 
failure. 
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DISCUSSION 
 
Residual heat removal capability is provided by the shutdown cooling system (Section 9.3-5) for 
reactor coolant temperatures less than 325°F.  For temperatures greater than 325°F, this function is 
provided by the steam generators and the auxiliary feedwater system.  Sufficient redundancy, 
interconnections, leak detection, and isolation capabilities exist in each of these systems to assure 
that the residual heat removal function can be accomplished, assuming a single failure. Within 
appropriate design limits, either system can remove fission product decay heat at a rate such that 
specified acceptable fuel design limits and the design conditions of the reactor coolant pressure 
boundary are not exceeded. 
 
If onsite power is lost, there will be a "fast-dead" automatic transfer of power to the startup 
transformers. If offsite power is lost, the electrical equipment required for safe shutdown is loaded on 
the emergency diesel generators.  Refer to Sections 7.4 and 8.3.2. 
 
3.1.35 CRITERION 35 - EMERGENCY CORE COOLING 
 
A system to provide abundant emergency core cooling shall be provided.  The system safety function 
shall be to transfer heat from the reactor core following any loss of reactor coolant at a rate such that 
(1) fuel and clad damage that could interfere with continued effective core cooling is prevented, and 
(2) clad metal-water reaction is limited to negligible amounts. 
 
Suitable redundancy in components and features, and suitable interconnections, leak detection, 
isolation, and containment capabilities shall be provided to assure that for onsite electrical power 
system operation (assuming offsite power is not available) and for offsite electrical power system 
operation (assuming onsite power is not available) the system safety function can be accomplished, 
assuming a single failure. 
 
DISCUSSION 
 
The emergency core cooling system is discussed in detail in Section 6.3.2.  It consists of the high 
pressure safety injection subsystem and the low pressure safety injection subsystem and safety 
injection tanks. 
 
The system is designed to meet the criterion stated above with respect to the prevention of fuel and 
clad damage that would interfere with the emergency core cooling function for the full spectrum of 
break sizes, and to the limitation of metal-water reaction.  Each of the subsystems is fully redundant, 
and the subsystems do not share active components other than the valves controlling the suction 
headers of the high- and low-pressure safety injection pumps.  Minimum safety injection is assured 
even though one of these valves fails to function.  These valves are in no way associated with the 
function of the safety injection tanks. 
 
The ECCS design satisfies the criteria specified in 10 CFR 50, Appendix K.  The results of the 
analyses performed are given in Section 6.3.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    3.1-23 Amendment No. 22 (05/07) 



3.1.36 CRITERION 36 - INSPECTION OF EMERGENCY CORE COOLING SYSTEM

The emergency core cooling system shall be designed to permit periodic inspection of important
components, such as spray rings in the reactor containment vessel, water injection nozzles, and
piping to assure the integrity and capability of the system.

DISCUSSION

The capability for periodic inspection of important components of the Emergency Core Cooling
System (safety injection system) is provided to the extent practicable through the arrangement and
location of the components of the system.  System components external to the containment structure
are accessible for physical inspection at any time.  All components (valves and piping) inside the
containment and the safety injection tanks can be inspected during refueling.  See Section 6.3.

3.1.37 CRITERION 37 - TESTING OF EMERGENCY CORE COOLING SYSTEM

The emergency core cooling system shall be designed to permit appropriate periodic pressure and
functional testing to assure:  (1) the structural and leaktight integrity of its components, (2) the
operability and performance of the active components of the system, and (3) the operability of the
system as a whole and, under conditions as close to design as practical, the performance of the full
operational sequence that brings the system into operation, including operation of applicable portions
of the protection systems that transfer between normal and emergency power sources, and the
operation of the associated cooling water system.

DISCUSSION

The emergency core cooling system (safety injection system) is provided with testing facilities to
demonstrate system component operability.  Testing can be conducted during normal plant operation
with the test facilities arranged not to interfere with the performance of the systems or with the
initiation of control circuits.

The safety injection system is designed to permit periodic testing of the delivery capability up to a
location as close to the core as practical.  Periodic pressure testing of the safety injection system is
possible using the cross connection to the charging pumps in the chemical and volume control
system.

The low pressure safety injection pumps are used as shutdown cooling pumps during normal plant
cooldown.  The pumps discharge into the safety injection header via the shutdown heat exchangers
and the low pressure injection lines.
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With the plant at operating pressure, operation of the safety injection pumps and valves may be
verified by recirculation back to the refueling water tank.  This will permit verification of flow path
continuity in the high pressure injection lines and suction lines from the refueling water tank.

Borated water from the safety injection tanks may be bled through the recirculation test line to verify
flow path continuity from each tank to its associated main safety injection header.

The operational sequence that brings the safety injection system into action, including transfer to
alternate power sources, can be tested in parts as described in Sections 7.3.2.

3.1.38 CRITERION 38 - CONTAINMENT HEAT REMOVAL

A system to remove heat from the reactor containment shall be provided.  The system safety function
shall be to reduce rapidly, consistent with the functioning of other associated systems, the
containment pressure and temperature following any loss of coolant accident and maintain them at
acceptably low levels.

Suitable redundancy in components and features, and suitable interconnections, leak detection,
isolation, and containment capabilities shall be provided to assure that for on-site electric power
system operation (assuming off-site power is not available) and for off-site electric power system
operation (assuming on-site power is not available) the system safety function can be accomplished,
assuming a single failure.

DISCUSSION

The containment heat removal system described in Section 6.2.2 consists of the containment spray
system and the containment cooling system.  The containment spray system consists of two
redundant subsystems each containing a containment spray pump, shutdown heat exchanger and
spray header.  The containment cooling system consists of four fan coolers.  The  containment spray
system and the containment cooling system are each designed with the capacity to reduce
containment pressure and temperature following a LOCA and maintain them at acceptably low levels.

Both the containment spray and the containment cooling systems are provided with emergency on-
site power necessary for their operation, assuming a loss of off-site power.  The systems together
provide a minimum of 100 percent containment cooling capability assuming a single failure in either
system or in the emergency on-site power supply.
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3.1.39 CRITERION 39 - INSPECTION OF CONTAINMENT HEAT REMOVAL SYSTEM 
 
The containment heat removal system shall be designed to permit appropriate periodic inspection of 
important components, such as the torus, sumps, spray nozzles, and piping to assure the integrity 
and capability of the system. 
 
DISCUSSION 
 
The containment spray system essential equipment except for risers, distribution header piping, spray 
nozzles and the containment sump strainers are located outside of the containment.  
The containment sump strainers, the spray piping, and the spray nozzles within the containment can 
be inspected during refueling shutdowns. Associated equipment outside the containment can be 
visually inspected at any time. 
 
The containment cooling system is entirely within the containment.  It can be inspected at appropriate 
intervals during refueling shutdowns. 
 
3.1.40 CRITERION 40 - TESTING OF CONTAINMENT HEAT REMOVAL SYSTEM 
 
The containment heat removal system shall be designed to permit appropriate periodic pressure and 
functional testing to assure (1) the structural and leaktight integrity of its components, (2) the 
operability and performance of the active components of the system, and (3) the operability of the 
system as a whole and, under conditions as close to design as practical, the performance of the full 
operational sequence that brings the system into operation, including the transfer between normal 
and emergency power sources, and the operation of the associated cooling water system. 
 
DISCUSSION 
 
System piping, valves, pumps, fans, heat exchangers, and other components of the containment heat 
removal system are designed to permit appropriate periodic testing to assure their structural and 
leaktight integrity.  The components are arranged so that each component can be tested periodically 
for operability and required functional performance. 
 
Three of four containment cooling units are normally in operation.  The fourth unit will be rotated in 
service with the other three for normal containment cooling.  Transfer to alternate power sources can 
be tested. 
 
The operational sequence that would bring the containment heat removal system into action, 
including the transfer to alternate power sources, can be tested.  With the plant at operating pressure, 
the containment spray pumps and valves may be operated by recirculation back to the refueling water 
tank.  This will permit verification of flow path continuity in the suction lines from the refueling water 
tank to the first containment spray isolation valve outside the containment.  The spray isolation valves 
can be tested independently of the spray pumps.  Refer to Section 6.2.2.4. 
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3.1.41 CRITERION 41 - CONTAINMENT ATMOSPHERE CLEANUP 
 
Systems to control fission products, hydrogen, oxygen, and other substances which may be released 
into the reactor containment shall be provided as necessary to reduce, consistent with the functioning 
of other associated systems, the concentration and quantity of fission products released to the 
environment following postulated accidents, and to control the concentration of hydrogen or oxygen 
and other substances in the containment atmosphere following postulated accidents to assure that 
containment integrity is maintained. 
 
Each system shall have suitable redundancy in components and features, and suitable 
interconnections, leak detection, isolation, and containment capabilities to assure that for on-site 
electrical. power system operation (assuming off-site power is not available) and for off-site electrical 
power system operation (assuming on-site power is not available) its safety function can be 
accomplished, assuming a single failure. 
 
DISCUSSION 
 
The shield building ventilation system consists of two full capacity redundant fan and filter systems 
and is designed, consistent with the functioning of other engineered safety features systems, to 
reduce the concentration and quantity of fission products released to the environment following a 
LOCA by establishing and maintaining a subatmospheric pressure within the shield building to ensure 
that post-accident activity leakage from the containment vessel is routed through the charcoal filter 
system.  Refer to Section 6.2.3. 
 
Hydrogen control and sampling systems are provided to prevent the buildup of dangerous 
concentrations of hydrogen in the containment following a LOCA.  The hydrogen control system 
consists of redundant hydrogen recombiners and a hydrogen purge system.  The hydrogen 
recombiners, which are the primary means of control, provide control of hydrogen concentration in the 
containment without any release to the environment.  The hydrogen sampling system can analyze the 
containment atmosphere either by passing a sample through the automatic hydrogen analyzer or by 
utilizing a grab sample.  Containment hydrogen purging can be accomplished through the hydrogen 
purge system filters or by routing the purge through the shield building ventilation system filters. Refer 
to Section 6.2.5. 
 
The shield building ventilation system and the containment hydrogen control system have suitable 
redundancy to assure that for on-site or for off-site electrical power system failure, their safety 
functions can be accomplished, assuming a single failure. 
 
3.1.42 CRITERION 42 - INSPECTION OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS 
 
The containment atmosphere cleanup systems shall be designed to permit appropriate periodic 
inspection of important components, such as filter frames, ducts, and piping to assure the integrity 
and capability of the systems. 
 
DISCUSSION 
 
All components of the shield building ventilation system and the containment hydrogen control system 
are accessible for physical inspection. Ducts, plenums, and casings are provided with access doors 
for internal inspection. Refer to Sections 6.2.3.4, 6.2.5.4 and the Technical Specifications.  
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3.1.43 CRITERION 43 - TESTING OF CONTAINMENT ATMOSPHERE CLEANUP SYSTEMS 
 
The containment atmosphere cleanup systems shall be designed to permit appropriate periodic 
pressure and functional testing to assure (1) the structural and leaktight integrity of its components, 
(2) the operability and performance of the active components of the systems such as fans, filters, 
dampers, pumps, and valves and (3) the operability of the systems as a whole and, under conditions 
as close to design as practical, the performance of the full operational sequence that brings the 
systems into operation, including operation of applicable portions of the protection system, the 
transfer between normal and emergency power sources, and the operation of associated systems. 
 
DISCUSSION 
 
The shield building ventilation system and hydrogen control and sampling systems are designed and 
constructed to permit periodic pressure and functional testing.  For the purpose of periodically testing 
the retentive capability of the filter systems, test panels are placed in the filter housings in locations 
which allow the panels to be subjected to the same air flow as the filters.  These will be periodically 
removed and tested. 
 
High efficiency particulate (HEPA) and charcoal filters are located outside tile containment for 
convenience in testing and inspection.  Periodic tests such as the following will be made: 
a) Observations of differential pressure across each filter 
b) Dioctylphthate (DOP) aerosol penetration tests of HEPA filters 
c) Freon gas testing of charcoal filters 
d) Test of a representative sample of charcoal element 
 
Active components of the shield building ventilation system can be tested periodically for operability 
and required functional performance. 
 
The full operational sequence that would bring the systems into action, including the transfer to 
alternate power sources, and the design air flow capability can be tested. Refer to Section 6.2.3.4 and 
the Technical Specifications.   
 
3.1.44 CRITERION 44 - COOLING WATER 
 
A system to transfer heat from structures, systems and components important to safety, to an 
ultimate heat sink shall be provided.  The system safety function shall be to transfer the combined 
heat load of these structures, systems, and components under normal operating and accident 
conditions. 
 
Suitable redundancy in components and features, and suitable interconnections, leak detection, and 
isolation capabilities shall be provided to assure that for on-site electrical power system operation 
(assuming off-site power is not available) and for off-site electrical power system operation (assuming 
on-site power is not available) the system safety function can be accomplished, assuming a single 
failure. 
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DISCUSSION

The cooling water systems which function to remove the combined-heat load from structures,
systems and components important to safety under normal operating and accident conditions, are the
component cooling system and the intake cooling water system.

The component cooling system is a closed loop system which removes heat from the shutdown heat
exchangers, containment cooling system and other essential and nonessential components as
described in Section 9.2.2.  The system consists of three pumps with two heat exchangers, piping ,
valves and instrumentation arranged in two essential headers and one nonessential header.  Two
essential headers serve redundant safety related components.  Only one essential header is needed
to remove the heat generated under post-LOCA conditions.

The intake cooling water system is an open loop system which removes heat from the component
cooling system and transfers it to the ultimate heat sink as described in Section 9.2.1.  The system
consists of three pumps with piping, valves and instrumentation arranged in two essential headers,
one to each component cooling heat exchanger, and branches to two non-essential headers which
supply water to the turbine cooling water heat exchangers, which are isolated automatically upon
receiving SIAS.  Only one essential header is needed to remove the heat generated under post-
LOCA conditions.

The intake cooling water pumps normally take water from the Atlantic Ocean through the circulating
water intake conduits and canal. In the event of interruption of water from this source, water is taken
through the emergency cooling water canal from Big Mud Creek which serves as the ultimate heat
sink.  The ultimate heat sink is discussed in Section 9.2.7.

The piping, valves, pumps and heat exchangers in each system are designed and arranged so that
the safety function can be performed assuming a single failure.  The essential headers of each
system will each be isolated from the nonessential header during the emergency mode of operation.

Electrical power for the operation of each system may be supplied from offsite or onsite emergency
power sources, with distribution arranged such that a single failure will not prevent the system from
performing its safety function.

3.1.45 CRITERION 45 - INSPECTION OF COOLING WATER SYSTEM

The cooling water system shall be designed to permit periodic inspection of important components,
such as heat exchangers and piping, to assure the integrity and capability of the system.

DISCUSSION

The component cooling system and intake cooling water system are designed to permit periodic
inspection, to the extent practical of important components, such as heat exchangers, pumps, valves
and accessible piping.  Each system is normally pressurized permitting leakage detection by routine
surveillance or monitoring instrumentation. Refer to Sections 9.2.1.4 and 9.2.2.4.
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3.1.46 CRITERION 46 - TESTING OF COOLING WATER SYSTEM

The cooling water system shall be designed to permit appropriate periodic pressure and functional
testing to assure (1) the structural and leaktight integrity of its components, (2) the operability and the
performance of the active components of the system, and (3) the operability of the system as a whole
and, under conditions as close to design as practical, the performance of the full operational
sequence that brings the system into operation for reactor shutdown and for loss of coolant accidents,
including operation of applicable portions of the protection system and the transfer between normal
and emergency power sources.
DISCUSSION

Both the component cooling and intake cooling water systems are in operation during normal plant
operation or shutdown.  The structural and leaktight integrity of the component cooling and intake
cooling water systems components are demonstrated in this way.  Pumps and heat exchangers are
operated as dictated by plant operational modes and tested on a schedule basis to monitor
operational capability of redundant components.  Data can be taken periodically during normal plant
operation to confirm heat transfer capabilities.  Refer to Sections 9.2.1.4 and 9.2.2.4.

The systems are designed to permit testing of system operability encompassing simulation of
emergency reactor shutdown or LOCA conditions including the transfer between normal and
emergency power sources.
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3.1.50 CRITERION 50 – CONTAINMENT DESIGN BASIS 
 
The reactor containment structure, including access openings, penetrations, and containment heat 
removal system shall be designed so that the containment structure and its internal compartments 
can accommodate, without exceeding the design leakage rate and, with sufficient margin, the 
calculated pressure and temperature conditions resulting from any loss of coolant accident.  This 
margin shall reflect consideration of (1) the effects of potential energy sources which have not been 
included in the determination of the peak conditions, such as energy in steam generators and energy 
from metal-water and other chemical reactions that may result from degraded emergency core 
cooling functioning, (2) the limited experience and experimental data available for defining accident 
phenomena and containment responses, and (3) the conservatism of the calculational model and 
input parameters. 
 
DISCUSSION 
 
The containment structure, including access openings and penetrations, is designed to 
accommodate, without exceeding the design leak rate, the transient peak pressure and temperature 
associated with a LOCA up to and including a double ended rupture of the largest reactor coolant 
pipe. 
 
The containment structure and engineered safety features systems have been evaluated for various 
combinations of energy release.  The analysis accounts for system thermal and chemical energy, and 
for nuclear decay heat.  The safety injection system is designed such that no single active failure 
could result in significant metal-water reaction.  The cooling capacity of either the containment cooling 
system or the containment spray system is adequate to prevent over pressurization of the structure, 
and to return the containment to near atmospheric pressure. Refer to Section 6.2.1. 
 
3.1.51 CRITERION 51 - FRACTURE PREVENTION OF CONTAINMENT PRESSURE BOUNDARY 
 
The reactor containment boundary shall be designed with sufficient margin to assure that under 
operating, maintenance, testing, and postulated accident conditions (1) its ferritic materials behave in 
a nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized.  The design 
shall reflect consideration of service temperatures and other conditions of the containment boundary 
material during operation, maintenance, testing and postulated accident conditions, and the 
uncertainties in determining (1) material properties (2) residual, steady-state, and transient stresses, 
and (3) size of flaws. 
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DISCUSSION

The material selected for the containment vessel is carbon steel (ASTM-A516 Grade 70) normalized
to refine the grain which results in improved ductility.  In addition, the actual mechanical and chemical
properties of the material are documented and are within the limits for minimum ductility defined in
ASTM-A516.

The containment vessel was built to Subsection B of the 1968 edition of Section III of the ASME
Boiler and Pressure Vessel Code, and in accordance with this Code the materials including weld
specimens were impact tested at a temperature at least 30 F below the lowest metal service
temperature.

The design of the vessel reflects consideration of all ranges of temperature and loading conditions
which apply to the vessel during operation, maintenance, testing and postulated accident conditions.

All seam welds in the vessel have been 100 percent radiographed and the acceptance standards of
the radiographs ensured that flaws in welds did not exceed the maximum allowed by ASME Code.

Since this vessel has been post weld heat treated, residual stresses from welding will be minimal.
Steady state and transient stresses have been calculated in accordance with accepted methods.
Refer to Section 3.8.2.

3.1.52 CRITERION 52 - CAPABILITY FOR CONTAINMENT LEAKAGE RATE TESTING

The reactor containment and other equipment which may be subjected to containment test conditions
shall be designed so that periodic integrated leakage rate testing can be conducted at containment
design pressure.

DISCUSSION

The containment vessel has been designed so that initial integrated leak rate testing can be
performed at design pressure after completion and installation of penetrations and equipment.

Provisions have been made in the containment design to permit periodic leakage rate tests to verify
the continued leak-tight integrity of the containment.  Refer to Sections 6.2.1.4 and 16.4.4.
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3.1.53 CRITERION 53 - PROVISIONS FOR CONTAINMENT TESTING AND INSPECTION

The reactor containment shall be designed to permit (1) appropriate periodic inspection of all
important areas, such as penetrations, (2) an appropriate surveillance program, and (3) periodic
testing at containment design pressure of the leak tightness of penetrations which have resilient seals
and expansion bellows.

DISCUSSION

The absence of insulation on the containment vessel permits periodic inspection of the exposed
interior surfaces of the vessel.  The lower portions of the containment vessel are totally encased in
concrete and will not be accessible for inspection after the acceptance testing.  It is contemplated that
there will be no need for any special in-service surveillance program due to the rigorous design,
fabrication, inspection and pressure testing the containment vessel receives prior to operation.

Provisions have been made to permit periodic testing at containment design pressure of penetrations
which have resilient seals or expansion bellows to allow leak tightness to be demonstrated.  Refer to
Section 6.2.1.4.

3.1.54 CRITERION 54 - PIPING SYSTEMS PENETRATING CONTAINMENT

Piping systems penetrating primary reactor containment shall be provided with leak detection,
isolation, and containment capabilities having redundancy, reliability, and performance capabilities
which reflect the importance to safety of isolating these piping systems.  Such piping systems shall be
designed with a capability to test periodically the operability of the isolation valves and associated
apparatus and to determine if valve leakage is within acceptable limits.

DISCUSSION

Piping penetrating the containment vessel shell is designed to withstand at least a pressure equal to
the containment vessel maximum internal pressure.  The isolation system design requires a double
barrier on all of the above systems not serving accident consequence limiting systems so that no
single active failure can result in loss of isolation or intolerable leakage.  These lines are provided with
isolation valves as indicated in Section 6.2.4.2.

Valves isolating penetrations serving engineered safety features systems will not automatically close
with a containment isolation signal (CIS), but may be closed by remote manual operation from the
control room to isolate any engineered safety feature when required.
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Proper valve closing time is achieved by appropriate selection of valve, operator type and operator
size.  Refer to Table 6.2-16 for additional isolation valve information.

To ensure continued integrity of the containment isolation system, periodic closure and leakage tests
shall be performed as stated in Section 6.2.4.4 and Technical Specification 3/4.6.1.

3.1.55 CRITERION 55 - REACTOR COOLANT PRESSURE BOUNDARY PENETRATING
CONTAINMENT

Each line that is part of the reactor coolant pressure boundary and that penetrates primary reactor
containment shall be provided with containment isolation valves as follows, unless it can be
demonstrated that the containment isolation provisions for a specific class of lines, such as
instrument lines, are acceptable on some other defined basis:

1) one locked closed isolation valve inside and one locked closed isolation valve outside
containment, or

2) one automatic isolation valve inside and one locked closed isolation valve outside containment,
or

3) one locked closed isolation valve inside and one automatic isolation valve outside containment.
A simple check valve may not be used as the automatic isolation valve outside containment, or

4) one automatic isolation valve inside and one automatic isolation valve outside containment.  A
simple check valve may not be used as the automatic isolation valve outside containment.

Isolation valves outside containment shall be located as close to the containment as practical and
upon loss of actuating power, automatic isolation valves shall be designed to take the position that
provides greater safety.

Other appropriate requirements to minimize the probability or consequences of an accidental rupture
of these lines or of lines connected to them shall be provided as necessary to assure adequate
safety.  Determination of the appropriateness of these requirements, such as higher quality in design,
fabrication, and testing, additional provisions for in-service inspection, protection against more severe
natural phenomena, and additional isolation valves and containment, shall include consideration of
the population density, use characteristics, and physical characteristics of the site environs.

DISCUSSION

Except for the safety injection lines, the reactor coolant pressure boundary as defined in 10 CFR 50 is
located within the containment.  The safety injection lines are closed seismic Class I piping systems
outside containment with isolation valves as indicated in Table 6.2-16.  Provisions are made for leak
testing as described in Section 6.2.1.  Isolation valves are located as close to the containment as
practical.
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3.1.56 CRITERION 56 - PRIMARY CONTAINMENT ISOLATION 
 
Each line that connects directly to the containment atmosphere and penetrates primary reactor 
containment shall be provided with containment isolation valves as follows, unless it can be 
demonstrated that the containment isolation provisions for a specific class of lines, such as 
instrument lines, are acceptable on some other defined basis: 
 
1) One locked closed isolation valve inside and one locked closed isolation valve outside 

containment, or 
2) One automatic isolation valve inside and one locked closed isolation valve outside containment, 

or 
3) One locked closed isolation valve inside and one automatic isolation valve outside containment.  

A simple check valve may not be used as the automatic isolation valve outside containment, or 
4) One automatic isolation valve inside and one automatic isolation valve outside containment.  A 

simple check valve may not be used as the automatic isolation valve outside containment. 
 
Isolation valves outside containment shall be located as close to the containment as practical and 
upon loss of actuating power, automatic isolation valves shall be designed to take the position that 
provides greater safety. 
 
DISCUSSION 
 
Lines which connect directly to the containment atmosphere and are not used to mitigate the effects 
of a LOCA are provided with two valves in series.  The valving consists of either two automatic 
valves, or one automatic and one normally locked closed manual valve, or two normally closed 
manual valves. 
 
Lines which connect directly to the containment atmosphere and are used for mitigating the effects of 
a LOCA are provided with a double containment barrier which consists of the closed piping system 
pressure boundary outside the containment and one isolation valve capable of remote manual 
actuation. 
 
Automatic isolation valves, upon loss of power, are selected to failclose, fail-as-is, or fail-open, 
whichever position provides the greater safety.  Isolation valves are located as close to the 
containment as practical.  Refer to Section 6.2.4 for detailed information regarding containment 
isolation. 
 
3.1.57 CRITERION 57 - CLOSED SYSTEM ISOLATION VALVES 
 
Each line that penetrates primary reactor containment and is neither part of the reactor coolant 
pressure boundary nor connected directly 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    3.1-35 



to the containment atmosphere shall have at least one containment isolation valve which shall be
either automatic, or locked closed, or capable of remote manual operation.  This valve shall be
outside containment and located as close to the containment as practical.  A simple check valve may
not be used as the automatic isolation valve.

DISCUSSION

Except for the shutdown cooling lines each line that penetrates the reactor containment and is neither
part of the reactor coolant pressure boundary nor connected directly to the containment atmosphere
has at least one containment isolation valve located outside the containment as close to the
containment as practical.  Refer to Table 6.2-16.

The shutdown cooling lines arrangement of two locked closed valves, located inside containment
meets the intent of GDC 57 since no single failure will prevent the recirculation of core cooling water
or will adversely affect the integrity of the containment since the system is designed as seismic Class
I inside containment and as a closed seismic Class I system outside containment.
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3.1.60 CRITERION 60 - CONTROL OF RELEASES OF RADIOACTIVE MATERIALS TO THE 
ENVIRONMENT 

 
The nuclear power unit design shall include means to control suitably the release  of radioactive 
materials in gaseous and liquid effluents and to handle radioactive solid wastes produced during 
normal reactor operation, including anticipated operational occurrences.  Sufficient holdup capacity 
shall be provided for retention of gaseous and liquid effluents containing radioactive materials, 
particularly where unfavorable site environmental conditions can be expected to impose unusual 
operational limitations upon the release of such effluents to the environment. 
 
DISCUSSION 
 
The waste management system is described in Sections 11.2, 11.3 and 11.5, and is designed to 
provide controlled handling and disposal of liquid, gaseous, and solid wastes.  The waste 
management system is designed to ensure that the general public and plant personnel are protected 
against exposure to radioactive material to meet the intent of 10 CFR Part 20 and 10 CFR Part 50, 
Appendix I (Proposed). 
 
Liquid and gaseous radioactive releases from the waste management system are accomplished on a 
batch basis.  All radioactive materials are sampled prior to release to ensure compliance with 10 CFR 
Part 20 and 10 CFR Part 50, Appendix I and to determine release rates.  Radioactive materials which 
do not meet release limits will not be discharged to the environment.  The waste management system 
is designed with sufficient holdup capacity and flexibility for reprocessing of wastes to ensure that 
releases are as low as practical. 
 
The waste management system is designed to preclude the inadvertent release of radioactive 
material. 
 
All storage tanks in the liquid waste and gaseous waste systems are administratively controlled to 
prevent the addition of waste to a tank which is being discharged to the environment.  Each discharge 
path is provided with a radiation monitor which alerts plant personnel and initiates automatic closure 
of the isolation valves to prevent further releases in the event of noncompliance with 10 CFR Part 20 
(see Section 11.4 for details). 
 
The plant design for the handling of solid wastes is discussed in Section 11.5. 
 
3.1.61 CRITERION 61 - FUEL STORAGE AND HANDLING AND RADIOACTIVITY CONTROL 
 
The fuel storage and handling, radioactive waste, and other systems which may contain radioactivity 
shall be designed to assure adequate safety under normal and postulated accident conditions.  These 
systems shall be designed (1) with a capability to permit inspection and testing of components 
important to safety, (2) with suitable shielding for radiation 
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protection (3) with appropriate containment, confinement, and filtering systems, (4) with a residual 
heat removal capability having reliability and testability that reflects the importance to safety or decay 
heat and other residual heat removal, and (5) to prevent significant reduction in fuel storage coolant 
inventory under accident conditions. 
 
DISCUSSION 
 
Most of the components and systems in this category are in frequent use and no special testing is 
required.  Those systems and components important to safety which are not normally operating will 
be tested periodically, e.g., temperature alarms in the fuel pool system (Section 9.1.3) and radiation 
alarms in the fuel pool area, and the fuel handling equipment (prior to each refueling and cask loading 
campaigns). 
 
The spent fuel storage racks are located to provide sufficient shielding water over stored fuel 
assemblies to limit radiation at the surface of the water to no more than 2.5 mr/hr during the storage 
period.  The exposure time during refueling, and during other fuel handling operations will be limited 
so that the integrated dose to operating personnel does not exceed the limits of 10 CFR 20. 
 
The waste management system (Chapter 11) is designed to permit controlled handling and disposal 
of liquid, gaseous, and solid wastes which will be generated during plant operation.  The principal 
design criterion is to ensure that plant personnel and the general public are protected against 
exposure to radiation from wastes in accordance with limits defined in 10 CFR 20. 
 
The fuel pool is located within the fuel handling building.  The liquid waste processing equipment and 
the gaseous waste storage and disposal equipment are located within a separate area of the reactor 
auxiliary building.  Both of these areas provide confinement capability in the event of an accidental 
release of radioactive materials, and both are ventilated with discharges to the plant vent which is 
monitored. 
 
Analysis (Section 15.4) has indicated that the accidental release of the maximum activity content of a 
gas decay tank will not result in doses in excess of the limits set forth in 10 CFR 100. 
 
The fuel pool cooling system is designed to prevent damage to the spent fuel which could result in 
radioactivity release to the plant operating areas or the public environs. 
 
The fuel pool is designed to withstand the postulated tornado driven missiles and seismic event 
without loss of the pool water. 
 
3.1.62 CRITERION 62 - PREVENTION OF CRITICALITY IN FUEL STORAGE AND HANDLING 
 
Criticality in the fuel storage and handling system shall be prevented by physical systems or 
processes, preferably by use of geometrically safe configurations. 
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The new and spent fuel storage and handling facilities are described in Sections 9.1.1 and 9.1.2.  
New fuel assemblies are stored in racks in parallel rows having center-to-center distances of 21 in. in  
both directions.  New fuel is stored in air in the new fuel handling area.  The high density spent fuel  
storage racks consist of 18 distinct modules of varying size in two regions.  The cask pit rack is a 
Region 1 rack designed for storage of fresh or spent fuel assemblies having enrichments of up to 4.6 
weight percent (w/o) U-235.  Fuel assemblies are stored at a nominal 10.30 inch center-to-center 
spacing in the cask pit rack.  Region 1 spent fuel pool storage racks are designed for storage of 
higher enriched irradiated fuel, with initial enrichments of up to 4.6 w/o U-235, such as might be 
temporarily discharged as part of a full core fuel offload.  Region 1 is also designed to store fuel 
assemblies with enrichments up to 4.6 w/o U-235 that have not achieved sufficient burnup to be 
stored in Region 2.  The center-to-center spacing in Region 1 is 10.12 inches.  Region 2 storage cells 
were designed for fuel of various initial enrichments, including 4.6 w/o U-235 assemblies up to 4.6%.  
The center-to-center spacing in this region is 8.86 inches.  The spacing is sufficient to maintain keff 
less than 1.0 for all the new and spent fuel assemblies when in unborated water. 
 
3.1.63 CRITERION 63 - MONITORING FUEL AND WASTE STORAGE 
 
Appropriate systems shall be provided in fuel storage and radioactive waste systems and associated 
handling areas (1) to detect conditions that may result in loss of residual heat removal capability and 
excessive radiation levels and (2) to initiate appropriate safety actions. 
 
DISCUSSION 
 
There are no residual or decay heat removal systems in the waste management system. 
 
The fuel pool and waste management systems are provided with appropriate radiation indication and 
alarms.  In addition, alarms are provided in the event of a reduction in fuel pool level. 
 
3.1.64 CRITERION 64 - MONITORING RADIOACTIVITY RELEASES 
 
Means shall be provided for monitoring the reactor containment atmosphere, spaces containing 
components for recirculation of loss of coolant accident fluids, effluent discharge paths, and the plant 
environs for radioactivity that may be released from normal operations, including anticipated 
operational occurrences and from postulated accidents. 
 
DISCUSSION 
 
Provisions are made for monitoring the containment atmosphere, the facility effluent discharge paths, 
the operating areas within the plant and the facility environs for radioactivity that could be released 
from normal operation, from anticipated transients and from an accident. 
 
Some liquid and gaseous effluents will contain radioactive matter.  The waste management system 
function to remove radioactive material from these wastes by filtration, ion exchange or distillation 
prior to discharge, or to store the wastes until the radioactivity has decayed sufficiently to permit 
discharge. 
 
Liquid wastes are sampled, and if the contained activity meets applicable limits, there may be 
released with continuous radiation monitoring to the circulating water system discharge. 
 
Gaseous wastes are compressed and stored in the gas decay tanks.  The gas is sampled to 
determine radioactivity concentration to assure release limits are not exceeded, and then monitoring 
during release through the plant vent. 
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The condenser air removal system discharge is monitored for gaseous activity. 
 
Radioactive waste management and monitoring is discussed in Chapter 11.  Area monitoring is 
discussed in Section 12.1.4. 
 
REFERENCES 
 
1. DBD-FP-1, Fire Protection Design Basis Document. 
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3.2  CLASSIFICATION OF STRUCTURES, SYSTEMS, AND COMPONENTS 
 
3.2.1  SEISMIC CLASSIFICATION 
 
Seismic Class I structures, systems and components are those whose failure could cause 
uncontrolled release of significant amounts of radioactivity, those essential for safe 
shutdown of the reactor, and those whose immediate or long term operation is required 
following a LOCA to limit off-site exposures to values below the guidelines established for 
design basis accidents.  When a system as a whole is designated seismic Class I, portions 
not associated with the safety function of the system are given no seismic classification. 
 
The term "seismic Class I" as used herein corresponds to the term "Category I" as used in 
the "Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants", 
February 1972.  No seismic classifications are made on the basis of plant operability hence 
no additional seismic classes or categories have been established. 
 
Seismic Class I structures, systems and components have been designed to withstand 
loadings due to the design basis earthquake (DBE)*: 

a) without loss of function or fluid boundary integrity if they are needed for safe plant 
shutdown or to mitigate the effects of a LOCA 

b) without failure of fluid boundary integrity if such failure could result in significant 
uncontrolled release of radioactivity to the environment 

c) without loss of function if such function is needed to detect or prevent potential 
significant uncontrolled release of radioactivity to the environment or if such function is 
needed to detect conditions requiring plant shutdown. 

 
 
 
 
 
 
 
 
 
* The design basis earthquake (DBE) is that which could produce the maximum vibratory 

acceleration at the site as determined from evaluation of seismic and geologic 
information developed for the site and surrounding region. Refer to Section 2.5. 
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Table 3.2-1 lists seismic classifications for plant structures, systems and components. With 
the exception of the spent fuel pool cooling system, letdown system and the component 
cooling water supply to the reactor coolant pumps, the seismic classifications correspond to 
the seismic classifications given in AEC Safety Guide 29, "Seismic Design Classification," 
issued June 7, 1972, although the guide was not available at the time of issuance of the 
plant construction permit. 

3.2.1.1  Seismic and Non-Seismic Interfaces 
 
All interfaces between non-seismic and seismic Category I Systems are depicted on the P & 
I Diagram for all systems including those interfaces specifically questioned.  The interfaces 
have been amplified for clarity. The method of protection at the interface is evident from 
inspection of the diagram.  For clarification, some examples of interfaces of main streams 
are discussed below: 

a) Main steam line - check valve V08117 (V08148) serves as the boundary.  In addition, 
a seismic restraint has been provided on the piping on either side of the main steam 
isolation valves to ensure that the seismic forces will not affect the integrity of the valve 
and consequently the system. 

b) Main feedwater line - check valve V09248 (V09280) serves as the interface. Seismic 
restraints have been provided on both sides of the valves to ensure that the seismic 
forces will not affect the seismic Category I sections. 

c) Makeup water to condensate storage tank - the makeup water line is connected near 
the top of the condensate storage tank.  The boundary is at the tank connection.  
Failure of the line will not affect the integrity of this condensate storage tank. 

d) Condensate transfer pump suction line to condensate storage tank as with the makeup 
line, it is a low pressure line that is connected to the tank above the minimum level in 
the tank required to shutdown the plant.  The interface is at the tank connection.  
Failure of this line will not affect the integrity of the tank or its ability to provide the 
quantity of water necessary to bring the plant to safe shutdown. 

e) Intake cooling water line to turbine cooling water heat exchanger valve MV-21-2 
(MV-21-3) acts as the interface between the seismic and non-seismic section.  Only 
one valve is used at this interface.  There are two lines, one to each component 
cooling water heat exchanger and turbine cooling heat exchanger. Only one system is 
required to perform under accident conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.2-2 Amendment No. 24, (06/1099) 



f) Lubricating water line to circulating water pumps - Orifices SO-21-5A and 5B provide the  
boundary between the safety related ICW header and the non-safety related Circulating Water  
Pump lube water lines.  

g) Component cooling water essential and nonessential headers - valves HCV-14-8A and 
HCV-14-9 provide the boundaries between the seismic header A supply and return respectively 
to the nonessential header.  Valves HCV-14-8B and HCV-14-10 serve the same function in the 
B header.  Because of the arrangement within the system, two valves provide isolation between 
the essential headers. Any single failure will not negate the ability of either redundant system. 

h) Component cooling water to reactor coolant pump - valves HCV-14-1 and HCV-14-2 provide 
the interface for the purposes of containment isolation. 

i) Makeup water to the component cooling water surge tank - makeup to the surge tank is 
provided from either demineralized water system (primary source of supply) or the fire 
protection system; these systems are interconnected upstream of the tank, located below the 
tank platform.  The seismic interface is at the tank connection, which is at the top of the tank.  
Failure of either subsystem or connecting lines to the tank will not affect the integrity of the 
surge tank nor its ability to perform under accident conditions. 

j) Primary makeup water to components inside containment (pressurizer quench tank, reactor 
drain tank, and reactor vessel head decontamination area) - the section of pipe which 
penetrates the containment is seismic Category I.  Otherwise it is a non-seismic system.  The 
seismic boundaries inside and outside containment, for the purpose of containment isolation, 
are check valves V15328 and V15326, respectively. 

k) Primary water makeup to RWT - the makeup line to the RWT, as well as the ECCS pumps 
recirculation line, are connected at the top of the refueling water tank. The tank connections 
provide the interface. Failure of either of these lines will not affect the integrity of the RWT. 

l) Steam generator blowdown lines - valves FCV-23-3, -5, -7, and -9 serve as the interface for the 
purpose of containment isolation for both the blowdown and sample lines. 

m) Diesel oil system fill and drain lines - valves V17200 and V17211, which are normally locked 
closed, provide the interface for the drain lines.  Four valves, V17202, V17208, V17209, and 
V17210, which are also normally locked closed, provide the interfaces for the fill lines. 

n) Shutdown cooling to RWT recirculation lines - valves V3460 and V3459 serve as the interface, 
and are normally locked closed. 
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o) Refueling cavity supply and return lines - valves V07206 (V07189) and V07188 (V07170) 
normally locked closed serves as the interface in the containment penetration area, 

p) Reactor cavity sump pump discharge line - valve LCV-07-11A serves as the interface for the 
purpose of containment isolation.  Two valves in series are provided to negate the effect of 
single failure. 

3.2.2 SYSTEM QUALITY GROUP CLASSIFICATION 
 
Water and steam containing components (other than turbines and condensers) are designated 
Quality Group A,B,C or D in accordance with their importance to safety.  This importance as 
emphasized by quality group assignment is considered in design, material, fabrication, assembly, 
construction and operation of the component.  A single system may have components in more than 
one quality group. 
 
The quality group designations are given in Table 3.2-1 for applicable components.  Corresponding 
minimum code requirements applied to the various components in each quality group are given in 
Table 3.2-2. Interfaces between components of different quality groups are designated on the various 
system P&I diagrams at the end of chapters 5,6,9,10 and 11. 
 
Components were assigned to quality groups on the basis of the following application criteria.  These 
criteria correspond in general to the application criteria given on AEC Safety Guide 26, "Quality Group 
Classifications and Standards," issued March 23, 1972 and the safety class application criteria given 
in ANSI N 18.2, "Nuclear Safety Criteria for the Design of Stationary Pressurized Water Reactor 
Plants," issued January 1972.  Neither of these documents was available at the time of issuance of 
the plant construction permit; therefore, they were not included in the specific plant design criteria. 

3.2.2.1  Quality Group A 
 
Quality Group A applies to reactor coolant pressure boundary components whose failure during 
normal reactor operations would prevent orderly reactor shutdown and cooldown assuming makeup 
is provided by normal makeup systems only. 

3.2.2.2  Quality Group B 
 
Quality Group B applies to containment vessel and to those components:  

a)  of the reactor coolant system not in quality Group A  

b)  that are necessary to: 
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1) remove directly residual heat from the reactor,

2) circulate reactor coolant for any safety system* purpose,

3) control within the reactor containment radioactivity released or control hydrogen in the reactor
containment.

3.2.2.3 Quality Group C

Quality Group C applies to those components not in Quality Group A or B whose failure would result
in significant radioactive release to the environment or that are necessary to:

a) provide or support any safety system* function

b) control accident airborne radioactivity outside the reactor containment.

3.2.2.4 Quality Group D

Quality Group D applies to those components not related to nuclear safety.

* A safety system (in this context) is any system that functions to shut down the reactor, cool the
core or cool another safety system or the containment, and contains, controls, or reduces
radioactivity released in an accident.  Only those portions of the secondary systems are included
(a) that are designed primarily to accomplish one of the above safety functions or (b) whose
failure could prevent accomplishing one of the above functions.
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TABLE 3.2-1

DESIGN CLASSIFICATIONS OF STRUCTURES, SYSTEMS AND COMPONENTS

TORNADO
SEISMIC WIND FLOOD MISSILE QUALITY

STRUCTURE CLASS CRITERION CRITERION CRITERION GROUP NOTES

Shield building I a a a -
Containment vessel I b c b B
Reactor building

interior structures I b c a,b,c -
Reactor auxiliary building I a a a -
Diesel generator building I a a a (8) -
Intake structure I a a a -
Fuel handling building I a a a -
Cask crane support structure I a - - - (11)  
Supports for Class I equipment I a,b a,b,c a,b,c - (7)
UHS Dam (Barrier Wall) I a - a -

SYSTEMS AND COMPONENTS

A. Reactor Coolant System
1. Reactor pressure vessel I b c b A
2. Reactor pressure vessel

internals I b c b -
3. Control rod drive

mechanisms I b c b -
4. Control element assemblies I b c b -
5. Pressurizer I b c b A
6. Steam generator

a) Primary side I b c b A
b Secondary side I b c b B

7. Reactor coolant pumps I b c b A
8. Piping

a Part of RCPB I b c b A (1)
9. Reactor protection

instrumentation I b c b - (2)

B. Safety Injection System
1 Safety Injection Tanks  I - - - B (9)
2 Refueling Water Tank  I B (9)
3. Pumps I b c b B
4. Piping and valves (3)

a) Part of RCPB I b c b A (1)
b) Required only for

initial injection I b c b B
c) Required for long term

post-accident cooling I b c b B
d) Normally isolated or

automatically isolated
from parts of system
covered by (a), (b)
or (c) - - - - D (4)

5. Instrumentation I b c b - (2)

C. Shutdown Cooling System
1. Heat exchangers

a) Reactor coolant side I b c b B
b) Component cooling water

side I b c b C
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TABLE 3.2-1 (Cont'd)

TORNADO
SEISMIC WIND FLOOD MISSILE QUALITY

SYSTEMS AND COMPONENTS CLASS CRITERION CRITERION CRITERION GROUP NOTES
2. Piping and valves (3)

a) Part of RCPB I b c b A (1)
b) Required for residual heat

removal I b c b B
c) Normally isolated or

automatically isolated
from parts of system
covered by (a) or (b) - - - - D (4)

3. Instrumentation I b c b - (2)

D. Chemical Volume and Control System
1. Charging pumps I b c b B
2. Boric acid make-up tanks I b c b B
3. Boric acid pumps I b c b B
4. Letdown heat exchangers - - - - B
5. Regenerative heat exchanger I b c b B
6. Volume control tank - - - - B
7. Boric acid batching tank - - - - D
8. Ion exchangers - - - - B
9. Piping and valves (3)

a) Part of RCPB I b c b A (1)
b) Required for letdown - - - - C (12)

c) Required for post-accident
injection of boric acid I b c b B

d) Normally or automatically
isolated from parts of
system covered by (a), (b)
or (c) - - - - D (4)

10. Instrumentation I/non-I b c b - (2)

E. Containment Spray System
1. Pumps I - - - B
2. Nozzles I - - - B
3. Piping and valves (3)

a) Required for spray and
recirculation I - - - B

b) Normally or automatically
isolated from parts of
system covered by (a) - - - - D (4)

4. Instrumentation I - - - - (2)

F. Waste Management System

1. Reactor coolant drain tank - - - - D
2. Flash tank - - - - D
3. Reactor drain pumps - - - - D   
4. Holdup tanks - - - - D
5. Spent resin tank - - - - D
6. Flash tank pumps - - - - D   
7. Gas surge tank - - - - D
8. Waste gas compressors - - - - D
9. Gas decay tanks I - - - D
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TABLE 3.2-1 (Cont'd) 
 

     TORNADO 
    SEISMIC WIND FLOOD MISSILE QUALITY 
SYSTEMS AND COMPONENTS CLASS CRITERION CRITERION CRITERION GROUP NOTES 
 
10.  Piping and valves      (3) 
 a) For GDT Isol. I - - - D 
 b)  For CNTMT Isol. I b c b B  
 c) Other - - - -                       D              (3)(4) 
 
11. Radiation monitoring 
 instrumentation  - b  c  b  - (2) 
 
G. Containment Cooling System 
 

 1. Fan coolers I  - - - B   
 2. Ductwork I - - - B  
 3. Instrumentation I - - - - (2)  
 
 
H. Component Cooling System 
 

 1. Pumps  I a (8)  b  c (8)  C 
 2. Surge tank  I b  c  b  C 
 3. Heat exchangers  I a  b  c  C 
 4. Piping and valves       (3) 
  a) Required for performance 
   of safety functions  I a  b  b,c  C 
  b) Normally or automati- 
   cally isolated from parts 
   of system covered by (a)  - - - -  D  (4) 
 5. Instrumentation  I a  b  b,c  - (2) 
 
I. Cooling Water Systems 
 

 1. Intake cooling water pumps I a (8)  b  c (8)  C 
 2. Circulating water pumps  - - - - D 
 3. Piping and valves       (3) 
  a) Required for perfor- 
   mance of safety 
   functions  I a  b  b,c  C 
  b) Normally or automa- 
   tically isolated from  
   parts of system covered 
   by (a)  - - - - D  (4) 
 4. Instrumentation  I a  b  c  - (2) 
 
J.  Containment Isolation System 
 

 1. Piping and valves (of all  
  systems penetrating contain- 
  ment)       (3) 
  a) Part of RCPB  I b  c  c  A  (1) 
  b) From first isolation  
   valve inside containment  
   or from containment penetra- 
   tion weld to outermost  
   isolation valve (if not part 
   of RCPB) I - - - B 
 2. Instrumentation I a,b - - - (2) 
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TABLE 3.2-1 (Cont'd) 
 
 

     TORNADO 
    SEISMIC WIND FLOOD MISSILE QUALITY 
SYSTEMS AND COMPONENTS CLASS CRITERION CRITERION CRITERION GROUP NOTES 
 
K.  Main Steam and Feedwater System 
 

 1. Piping and Valves       (3) 
  a) From steam gener- 
   ator to outermost 
   isolation valve I a b c B 
  b) Other - - - - D 
 2. Instrumentation - - - - - (2) 
 
L. Auxiliary Feedwater System 
 

 1. Pumps  I a  b  b  C 
 2. Condensate storage tank  I a  a  b(10)  C 
 3. Piping and valves       (3) 
  a) not normally or  
   automatically  
   isolated from Quality 
   Group B components I a b c B (4) 
  b) Other I a b c C 
 4. Instrumentation  I a  b  b - (2) 
 
M. Emergency Power System 
 

 1. Diesel generator sets  I b  c  b - 
 2. Diesel oil storage tanks  I  c(8)  a  c(8)  C 
 3. Diesel oil day tanks  I b   b  C 
 4. Diesel oil transfer 
  pumps I a(8) b c(8) C 
 5. Diesel starting systems I b c b C 
 6. Diesel generator control 
  boards I b c b - 
 7. Emergency switchgear I b c b - 
 8. Plant batteries and 
  inverters I b c b - 
 9. Instrumentation I b c b - (2) 
 
N.  Sampling System 
 

 1. Piping and valves      (3) 
  a) Part of RCPB  I b  c  b  B 
  b) Normally or auto- 
   matically isolated 
   from Quality Group 
   A or B components - - - - D (4) 
 
O. Hydrogen Control System I - - - B 
 

 l. Hydrogen recombiners I - - - B 
 2. Hydrogen purge system I - - - C (5)  
 3. Hydrogen sampling system I - - - B  
 
P. Shield Building Ventilation System 
 

 1. Fans I -  -  -  B 
 2. Filters I -  -  - - 
 3. Ducting and dampers  I -  -  -  B 
 4. Instrumentation  I - - - - (2) 
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TABLE 3.2-1 (Cont'd) 
 
     TORNADO 
    SEISMIC WIND FLOOD MISSILE QUALITY 
SYSTEMS AND COMPONENTS CLASS CRITERION CRITERION CRITERION GROUP NOTES 
 
Q. Ventilation System      (6) 

 1. Control Room AC and  
  ventilation system   
  - Indoor Sections  I b c b C 
  - Outdoor Sections  I - b - C 
 2. Engineered safety 
  features area 
  ventilation system  I b c  b  C 
 3. Reactor auxiliary 
  building main 
  supply system  I b  c  b  C 
 4. Emergency switchgear 
  ventilation system  I b  c  b  C 

Footnotes: 
 
Tornado wind and missile criteria 
 

a = structure or component is designed to withstand design wind/tornado loadings and missile impacts. 
b = components housed within a structure designed to withstand wind/tornado loadings and missile impacts. 
c = separation of redundant components to preclude simultaneous failure by single missile impact. 
 
Flood criteria 
 

a = structures and components designed to withstand flooding effects. 
b = positioning structures and components at sufficient elevation to preclude flooding.  
c = components housed within waterproof structure. 
d = cable is designed for operation in both wet or dry environments. 

NOTES: 
1. Refer to 10 CFR 50 Section 50.55 for definition of reactor coolant pressure boundary (RCPB).  Components excluded by 

footnote 1(a) to Section 50.55a are Quality Group B. 
2. Instrumentation required to actuate, maintain operation of, or detect failure of equipment needed to safely shutdown, isolate 

and maintain the reactor in a safe condition and prevent uncontrolled release of radioactivity to the environment is seismic 
Class I. Instrumentation designated as seismic Class I includes all sensing lines, except those whose breakage would cause 
the instrumentation to assume "fail safe" position.  Non-seismic Class I sensing Lines from Class I piping or components shall 
be seismic Class I from the piping connection up to and including root valve. 

3. Valves are of the same quality group as connected piping.  Valves which comprise an interface between piping of different 
quality groups are of higher quality group. 

4. Components of differing quality group other than Quality Group A may be considered to be normally isolated from each other if 
separated by at least one valve which is always closed during reactor operation or open during testing, sampling or other 
routine operation of short duration which is under administrative control.  Such components may be considered to be 
automatically isolated if separated by a least one valve which closes automatically upon an appropriate engineering safety 
features actuation signal or by check valve which prevents flow from the higher to the lower quality group. 

5. The only portion of the hydrogen purge system which is Quality Group B is that portion performing a containment isolation 
function. 

6. Although this is not a steam or water containing system, it functionally corresponds to the Quality Group classification noted as 
per Safety Guide 26. 

7. Supports are of the same safety class as the equipment that they support. 
8. Protection for tornadic debris is to be provided on a backfit basis. (See Section 3.5.4.2 and Appendix 3F.) 
9. Since the refueling water tank is not provided with missile shielding, the safety injection tanks have been credited as a backup 

water source for RCS makeup during safe shutdown (see Section 6.13 of Appendix 3F and Section 9.3.4.3.1).  
10. The top of the Unit 1 condensate storage tank is not protected from vertical missiles; however, an intertie is provided to the fully 

missile protected Unit 2 condensate storage tank (see Section 6.10 of Appendix 3F and Section 10.5).   
11. Cask crane support structure is designed for tornado wind only (not missile impact).    
12. Quality Group B upstream of letdown control valves; Quality Group 'C' downstream to VCT outlet MOV.  
 
 

    3.2-10 Amendment No. 22 (05/07) 
 



TABLE 3.2-2 
 

MINIMUM CODE REQUIREMENTS FOR QUALITY GROUPS 
 
 
 
Component 

Quality 
Group A 

Quality 
Group B 

Quality 
Group C 

Quality 
Group D 

Pressure 
Vessels 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Class A 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Class C 

ASME Boiler and Pressure 
Vessel Code, Section VIII 
Division 1 

ASME Boiler and Pressure 
Vessel Code, Section VIII, 
Division I or Equivalent 

Containment 
Vessel 

   - ASME Boiler and Pressure 
Vessel Code, Section 111, 
Class B 

   -    - 

0-15 Psig 
Storage 
Tanks 

   - API-620 API-620 API-620 or Equivalent 

Atmospheric 
Storage 
Tanks 

   - Applicable Storage Tank 
Codes such as API-650, 
AWWAD100 or ANSI B 96.1 

Applicable Storage Tank 
Codes such as API-650 
AWWAD100 or ANSI B 96.1 

API-650, AWWAD100 or 
ANSI B 96.1 or Equivalent 

Piping1 ANSI B 31.7, Class I          
(1969 Edition) 

ANSI B 31.7, Class II           
(1969 Edition) 

ANSI B 31.7, Class III          
(1969 Edition) 

ANSI B 31.1.0 or Equiva- 
lent (1967 Edition) 

Pumps and 
Valves 

Draft ASME Code for Pumps 
and Valves Class I 

Draft ASME Code for Pumps 
and Valves Class II 

Draft ASME Code for Pumps 
and Valves Class III 

Valves - ANSI B 31.1.0 
or Equivalent 

 
Table 3.2-2 reflects minimum code requirements for Quality Groups used in original design.  Replacement components may utilize alternate codes and 
edition/addenda as permitted by the PSL Unit 1 ASME Section XI program. 
 
* Subsequent to the issuance of the ASME Code Section III all materials purchased for this service are qualified to ASME Section III. 

                                                      
1  ANSI B31.7 was the Construction Code, however for piping, ASME BPV Code Section III, 1971 edition through Summer 1973 Addenda is used for Class II 
and Class III piping.  ANSI B31.7 is still used for Class 1 pipe.  Reconciliation was performed in accordance with ASME Section XI.   
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TABLE 3.2-2 
 

MINIMUM CODE REQUIREMENTS FOR QUALITY GROUPS 
 
 
 
Component 

Quality 
Group A 

Quality 
Group B 

Quality 
Group C 

Quality 
Group D 

Pressure 
Vessels 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Class A 

ASME Boiler and Pressure 
Vessel Code, Section III, 
Class C 

ASME Boiler and Pressure 
Vessel Code, Section VIII 
Division 1 

ASME Boiler and Pressure 
Vessel Code, Section VIII, 
Division I or Equivalent 

Containment 
Vessel 

   - ASME Boiler and Pressure 
Vessel Code, Section 111, 
Class B 

   -    - 

0-15 Psig 
Storage 
Tanks 

   - API-620 API-620 API-620 or Equivalent 

Atmospheric 
Storage 
Tanks 

   - Applicable Storage Tank 
Codes such as API-650, 
AWWAD100 or ANSI B 96.1 

Applicable Storage Tank 
Codes such as API-650 
AWWAD100 or ANSI B 96.1 

API-650, AWWAD100 or 
ANSI B 96.1 or Equivalent 

Piping1 ANSI B 31.7, Class I          
(1969 Edition) 

ANSI B 31.7, Class II           
(1969 Edition) 

ANSI B 31.7, Class III          
(1969 Edition) 

ANSI B 31.1.0 or Equiva- 
lent (1967 Edition) 

Pumps and 
Valves 

Draft ASME Code for Pumps 
and Valves Class I 

Draft ASME Code for Pumps 
and Valves Class II 

Draft ASME Code for Pumps 
and Valves Class III 

Valves - ANSI B 31.1.0 
or Equivalent 

 
Table 3.2-2 reflects minimum code requirements for Quality Groups used in original design.  Replacement components may utilize alternate codes and 
edition/addenda as permitted by the PSL Unit 1 ASME Section XI program. 
 
* Subsequent to the issuance of the ASME Code Section III all materials purchased for this service are qualified to ASME Section III. 

                                                      
1  ANSI B31.7 was the Construction Code, however for piping, ASME BPV Code Section III, 1971 edition through Summer 1973 Addenda is used for Class II 
and Class III piping.  ANSI B31.7 is still used for Class 1 pipe.  Reconciliation was performed in accordance with ASME Section XI.   
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3.3  WIND AND TORNADO LOADINGS 

3.3.1  HURRICANE WIND CRITERIA 
 
The design hurricane wind speed is 194 mph.  The design wind speed was selected by reference to a 
PMH related to the site region with maximum sustained 30 foot over water winds of 140.6 mph, which 
was produced by a 158 mph maximum wind speed reduced by a near shore factor of 0.89. Assuming 
that such a wind would be associated with gusts which are 30 percent higher, the maximum gust 
would be 192 mph.  The parameters which are used to arrive at the PMH are described in Section 
2.4.5.1. Hurricane wind data and history are given in Section 2.3.2.2. 
 
Storms of hurricane force (winds greater than 75 mph) cross the site approximately once in fifteen 
years.  This figure is based on a hurricane frequency of one in ten years at West Palm Beach and 
one in twenty years at Vero Beach.  The site is located about midway between these two cities. 
 
Wind loads were determined and applied to all seismic Class I structures in accordance with 
procedures incorporated in Reference I based on the design wind of 194 mph.  In no case did the 194 
mph wind govern the design of structures. 

3.3.2  TORNADO CRITERIA 
 
Structures or components whose failures could prevent safe shutdown of the reactor or result in 
significant uncontrolled release of radioactivity to the environment, are protected from such failure 
due to tornadic wind loading and associated differential pressure by: 

a) design of structures or components to withstand such wind loading 

b) locating components within structures designed to withstand such wind loading 
 
Table 3.2-1 lists tornadic wind protection classifications for plant structures, systems and  
components.  The a or b designation in the table refers to a or b above. 
 
The design tornado has a rotational wind speed of 300 mph and a translational speed of 60 mph.  
Since the widths of the major Class I structures (the shield building and reactor auxiliary building) are 
relatively larger than the distribution over which the combined effects of the rotational and 
translational velocities are postulated to act, a 300 mph wind speed was used for the reactor building 
and reactor auxiliary building. 
 
The design tornado applied to this site is extremely conservative.  Florida tornadoes are much less 
severe. See Section 2.3.1.3. 
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The diesel generator building is designed for 300 mph wind speed on the basis of its low height. The
fuel handling building is designed for the full 360 mph wind speed because this structure is too narrow
and too low to meet the 300 mph wind speed criteria established for other Class I structures.

The shield building has a radius of 154 feet while the overall plan dimensions of the reactor auxiliary
building are approximately 115 by 240 feet. Data extrapolated from Reference 2 indicate an average
band width of approximately 50 to 80 feet over which the combined velocity distribution of 360 mph is
postulated to act. On this basis, a uniform wind speed of 300 mph for large Class I structures was
adopted for design of the shield building and reactor auxiliary building. In addition to the effect of the
design wind speed associated with this tornado, a 3 psi pressure differential in 3 seconds is applied
simultaneously with the wind loading to the seismic Class I structures except for diesel generator
building. Because of the ventilation openings in the diesel generator building, the structure is
designed for a 2.25 psi pressure differential.

The tornado wind speed is converted into equivalent static pressure loading and the computations for
wind pressure, their distribution on surface area of buildings, shape factors and drag coefficient are
based on the procedures outlined in Reference 1. Because of the unique characteristics of tornadoes,
gust factor and velocity variation with height are not considered. With respect to the pressure
distribution around the dome-cylinder shield structure wind force data reported in Reference 3 was
used in the design. Equivalent static pressure loading for the various structures are given on Table
3.3-1.

The turbine building is the only structure not designed for tornado wind which can be considered in
proximity to safety related equipment and structures. Under tornado loading, the first failures
anticipated in the turbine building would occur in the vertical bracing system. The buckling of some of
these members would force some beam-to-column connections to utilize their inherent moment-
resisting capability and behave as moment connections. This in turn would result in the local
overstress of some connections. As they begin to yield, the load would redistribute itself among other
parts of the frame and the structure would behave in a plastic manner.

The failures that would occur under these conditions are anticipated as being of a local nature. It is
not credible that the building will collapse because the turbine pedestal will also act to restrain the
structure. In summary, it is not anticipated that any structure or equipment necessary for safe plant
shutdown would be affected by local failures in the turbine building due to tornado loadings.

3.3-2



Tornado generated missiles considered in the plant design include a 10ft long 2 inch x 4 inch timber
traveling at 360 mph or a 4000 lb automobile traveling at 50 mph. The analysis to determine the effect
of missiles is described in Section 3.5.3. Missile loadings are not applied simultaneously with wind
loadings. The purpose of the tornado missile analysis is to determine that the structure can absorb
sufficient energy to completely stop the missile without penetration. The capability of the facility to
accommodate tornado generated missiles is discussed in Appendix 3F.
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REFERENCES FOR SECTION 3.3 
 

1. ASCE Paper No. 3269, "Wind Forces on Structures," 1961. 

2. Hoecker, W. H., Jr., "Three Dimensional Pressure Pattern of the Dallas Tornado and Some 
Resultant Implications," Monthly Weather Review, December 1961. 

3. Maher, F. J., "Wind Loads on Dome-Cylinder and Dome-Cone Shapes," Proceeding, ASCE, 
Volume 92, No. 575, Paper 4933, October 1966. 
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TABLE 3.3-1

TORNADO WIND SPEEDS AND

RESULTING STATIC PRESSURE LOADINGS

 External
Loading

Tornado External External with
Wind Speed Gust Pressure Loading Pressure

Structure (mph) Factor Coefficient (Psf) Diff.

Reactor Building 300 1 See Figures 3.8-35 to 3.8-38

Reactor Aux. Building 300 1 .9 217 (1) 220  (1)
.5 115 (2) 550  (2)
.5 115 (3) 270  (3)

Fuel Handling Building 360 1 .9 300 (1) 240  (1)
.5 166 (2) 706  (2)
.8 266 (3) 525  (3)

Diesel Generator Building 300 1 .9 217 (1) 110  (1)
.5 115 (2) 440  (2)
.5 115 (3) 230  (3)

(1)  Windward
(2)  Leeward
(3)  Roof (includes external wind pressure, internal pressure differential and slab dead weight)
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3.4 WATER LEVEL (FLOOD) DESIGN 

3.4.1  FLOOD ELEVATIONS 
 
The plant area is situated above the highest possible water levels attainable except for wave runup 
resulting from probable maximum hurricane (PMH) considerations.  During this condition, wave 
runups to 17.2 ft* mean low water (MLW) are possible.  Plant grade is at elevation 18 ft and minimum 
entrance elevation to all safety related buildings is +19.5 ft.  The maximum elevation of roadways on 
the plant site is +19.0 ft., thus any ponding of water that might result will be below the building 
entrances. 

3.4.2  PHENOMENA CONSIDERED IN DESIGN LOAD CALCULATIONS 
 
All seismic class I structures are designed to withstand buoyant and static forces associated with high 
water levels.  Only minimum structure and equipment deadweight are used in these calculations. 

3.4.3  FLOOD FORCE APPLICATION 
 
In essence, structural components of all seismic Class I structures are subjected to a buoyant soil 
loading condition up to elevation +16.2 ft and a saturated soil loading condition from elevation + 16.2 
ft to grade.  This condition is the buoyant loading condition and accounts for conditions of maximum 
buoyance and flooding. 

3.4.4  FLOOD PROTECTION 
 
Structures and components whose failure could prevent safe shutdown of the plant or result in 
significant uncontrolled release of radioactivity are protected from the effects of high water levels and 
wave runup associated with PMH conditions by one or more of the following: 

a) Design of structures and components to withstand such effects where functionally required. 

b) Positioning of the structures and components such that they are located at sufficient grade to 
preclude inoperability due to external flooding. 

c) Housing within waterproof structures: The shield building and reactor auxiliary building are the 
only seismic Class I structures with basements. These structures are completely waterproofed 
to finish grade with Nob-Lok waterproofing. All construction joints are waterstooped with 6 in. 
polyvinyl chloride. 

 
Table 3.2-1 lists the flood protection criteria applied to plant structures, systems and components. 
The a, b, or c designation in the table refers to items a, b, or c above. 
 
The list below designates each seismic Class I structure and the associated means of protection from 
flooding. 
 
 
* Reference Section 2.4.5.9 for updated surge levels and wave runup analysis. 
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Structure  Flood Protection 

Shield Building  No openings below elevation +22 ft 

Reactor Auxiliary Building  Ground level openings at 19.5 ft  

Fuel Handling Building  Ground level openings at 19.5 ft  

Diesel Generator Building  Floor and equipment above 
elevation +22 ft 

Intake Structure Motors located above elevation +22 
ft 
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All buildings with the exception of the turbine building are of the enclosed building type.  The turbine
building will be subjected to wind driven water spray, consequently, all equipment inside this building
is designed for outdoor service.

The flood protection for the emergency diesel generator system includes protection for the oil storage
tanks which rest at elevation 22 ft. The outlet nozzle for pump suction is located at elevation 22 ft 6
in., with filling connections at approximately 37 ft and vent connections at approximately 38 ft.

All permanent door openings in the exterior walls of the reactor auxiliary, fuel handling and diesel
generator buildings are provided with either roll-up or swing type doors for protection from rain, wind
and other atmospheric effects.  The rolling shutter doors are fabricated of interlocking slats, curved
and jointed to shed water.  Large doors are furnished with a continuous, adjustable rubber stripping at
jambs, head and floor to provide a positive weather-tight closure.  Access doors may not be provided
with weather-stripping in all cases, however, the amount of leakage-induced flooding through these
doors is not more adverse than that considered in the analysis presented in Section 3.1.3 of Chapter
9.5A on the rupture of non-seismic Class I equipment (fire system piping).

3.4-3 Am. 9-7/90



Waterproofing details of penetrations below El + 22.0 feet MLW for safety related buildings are shown 
in Figure 3.4-2. All external building penetrations are waterproofed and/or flood protected to preclude 
the failure of a safety related system or component due to external flooding. All penetrations for pipes 
or electrical ducts are either encased in concrete where they penetrate the wall, or, when sleeves are 
used, enclosed in a pipe boot designed to prevent seepage. The end result is a completely 
waterproofed structure below grade. Boots are not used below the normal ground water table. 
 
All interconnections between safety related structures that could be subjected to flooding are 
waterproofed as indicated in Figure 3.4-2. 
 
As demonstrated in Sections 2.4.5.6 and 2.4.5.7, the need for additional flood protection  beyond 
what is provided by the elevations of the openings of the safety related structures is not  required to 
protect any of the safety related structures from wave runup or wind driven rain, even  during a 
probable maximum hurricane. Therefore, the use of gasketed aluminum stop logs and/or  sandbags 
and plastic sheeting is not required.  
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The site drainage system is designed to preclude flooding of safety related structures and 
components under PMH conditions however total flooding of the drain lines will not cause water to 
backup into areas which would jeopardize the required function of a safety related system.  PMH 
conditions would produce an overland flow which would exceed the capacity of the drain lines, 
however, excess waters would run off the plant island.  Section 2.4.2.3 addresses drainage of water 
from the southern site property and the effect of water pooling caused by the intake canal berm. 
 
The Unit 1 and Unit 2 site drainage plans are shown in Figures 3.4-3 and 3.4-4, respectively.  In 
areas where Unit 1 drain lines are to carry storm water from both units, the lines are oversized to 
accommodate the additional flow.  The interfaces between Unit 1 and Unit 2 drainage lines are shown 
in Figure 3.4-3. 
 
Drain lines are sized to accommodate runoff in the plant area. Runoff in the plant area is estimated by 
relating the tributary area and the rainfall intensity to an estimated proportion of the rainfall reaching 
the catch basin as direct runoff.   
 
This procedure is represented by the following formula: 
 
  Q = ACIP 
 
where Q  =  design discharge, cfs 
 A  =  tributary drainage area, sq ft 
 C  = runoff coefficient based on surface conditions  
 I  =  intensity of rainfall, in/hr 
 P =  coefficient based on percent of full pipe flow 
 
The design considered values of C consistent with use in the Rational Method for various ground   
surface types.  The intensity of rainfall, I, used in the calculations was 6 inches per hour.  The  
tributary drainage area was determined by the location of surrounding catch basins and storm drain 
lines. 
 
The ISFSI drainage plan is shown in Figure 3.4-5. 
  
Catch basins are constructed to provide ready access to storm drains for inspection and maintenance 
as well as to serve as points of concentration for runoff.  Runoff computations for catch basins include 
roof, floor and equipment drains having no potential for contamination. 
  
The analyses of a postulated failure of a pressurized fire main within the reactor auxiliary building is 
provided in Subsection 3.1.3 of Chapter 9.5A.  This is the only plant structure that houses both 
pressurized fire system piping and safety related equipment.  The consequences of this postulated 
failure are acceptable. 
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3.5 MISSILE PROTECTION 
 
This section discusses the missile protection criteria, potential missile sources and methods of missile 
protection for safety related structures and equipment. 
 
The unit is designed so that missiles from internal sources do not: 

a) cause or increase the severity of a loss of coolant accident (LOCA) 

b) damage engineered safety features when their operation is required to mitigate the 
consequences of an accident 

c) prevent safe shutdown and isolation of the reactor 

d) jeopardize primary containment function as a radioactive material  barrier during and following 
accidents that release radioactive material into the containment vessel 

 
The unit is designed so that missiles from external sources do not: 

a) cause a LOCA 

b) damage fuel stored in the spent fuel pool 

c) prevent safe shutdown and isolation of the reactor 

d) damage systems or components whose failure could result in significant uncontrolled release of 
radioactivity 

e) jeopardize structural integrity of seismic Class I structures 

3.5.1  MISSILE BARRIERS AND LOADINGS 
 
Wherever possible, component and system design preclude the generation of missiles.  This is 
achieved by suitable choice of materials, normal and faulted stress levels, and system and 
component characteristics which avoid missile producing effects, even under faulted conditions. 
 
Systems and components which are identified as potential missile sources are, wherever possible, 
arranged and oriented such that the target structure or component is capable of withstanding the 
impact and the design criteria are not violated. 
 
Barriers are provided for missiles which cannot be positioned to take advantage of existing structures 
and which could cause failure of safety related structures or components.  Generally these barriers 
are designed to contain or to deflect the missiles from the safety related feature.   As a minimum 
requirement, penetration of the missile through the barrier will reduce the missile energy to levels 
which cannot compromise the safety feature function. 
 
Wherever possible, advantage is taken of walls and structures arising 
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from functional requirements, other than missile considerations, by judicious arrangement of 
equipment. 

3.5.2  MISSILE SELECTION 

3.5.2.1  Internal Missiles 

a) Reactor Building 
 
Internal missiles which could be generated from pressure containing components that are part of the 
reactor coolant system or main steam system are considered in the design of the reactor building.  
The entire reactor coolant system and parts of the main steam system are surrounded by the 
secondary shield wall and their components arranged so that a missile generated from one 
component will not damage its counterparts.  In general, the secondary shield wall protects the 
containment vessel from missiles generated within the secondary shield.  Other shields include the 
primary shield wall which surrounds the reactor vessel and the top shield which is located above the 
control element drive mechanism. 
 
The procedures used to calculate the kinetic energies of potential missiles inside the containment 
were taken from reference (1).  The values are based on the following conservative assumptions: 

1) The effect of gravity is ignored 

2) All the potential energy of fasteners is converted into kinetic energy 

3) Missiles propelled by expanding fluid are accelerated for an additional distance 

4) Reactor coolant expands as a two phase fluid 
 
b) Reactor Auxiliary Building 
 
The only area in the reactor auxiliary building which contains both high pressure equipment and 
safety related equipment is the emergency core cooling pump room located at the -10 ft elevation.  
The -10 ft elevation of the reactor auxiliary building is divided into two compartments by a 
combination missile shield/flood wall.  Each compartment contains the minimum complement of 
safety injection and containment spray pumps necessary to mitigate the effects of a LOCA. 
 
c) Diesel Generator Building 
 
The potential internal missile considered in the design of the diesel generator building is a ruptured 
compressed air starting tank.  There are four compressed air tanks per diesel generator unit each 
with a 
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width of 30 in., height of approximately 7 ft and operating pressure of 200 psi. 
 
Each of the four tanks in each set is bolted to a common skid by four 1/2 in. diameter bolts.  The skids 
are bolted to the diesel generator building floor.  All of this equipment has been designed to seismic 
Class I specifications.  Furthermore, each of the four tanks are connected to each other by two 2 in. 
diameter horizontal pipes (used for pressurizing the tanks) which would aid in dissipating the potential 
missile energy. 
 
Disregarding all of the above and assuming a tank could become a missile, the shield wall which 
separates the diesel generator building into two redundant parts is sufficient to withstand the highest 
impact force which could be imparted by such a ruptured tank. 

3.5.2.2  External Missiles  
 
a) Tornado Missiles 
 
Impact by missiles which could be generated by tornado winds are considered in the design of safety 
related structures and components.  The postulated missiles considered include representative 
objects which could be picked up in the plant area and propelled by the tornado winds, such as 
automobiles and wooden planks. (See Appendix 3F.) 
 
b) Turbine Missiles 
 
The analysis of turbine missile probabilities is discussed in Section 3.5.3.2. 
 
 
3.5.3  SELECTED MISSILES  
 

3.5.3.1  Internal Missiles 
 
Table 3.5-1 lists the spectrum of potential internal missiles, their kinetic energy, weights, leading 
cross-section configurations and the barriers designed to withstand them.  The basic formula used to 
calculate missile penetration is the modified Petry formula, as derived in reference (2). 
 
An analysis of the potential missiles listed in Table 3.5-1 indicates that a large number of potential 
missiles have sufficiently low kinetic energy to be of any consequence.  All items discussed below 
refer to Table 3.5-1: 

a) Items a-1, 2, 3 and 4 are directed toward the missile shield but have insufficient energies to 
penetrate 

b) All potential missiles in item c are directed toward the pressurizer shield cavity which is 
designed to accept the load 
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c) Item d, control rod drive assembly, is directed toward the secondary  shield wall which is 
designed to accept the load 

d) The remaining items of Table 3.5-1 are of insufficient energies to damage vital equipment.  
These items include the original steam generator manway and handhole studs and nuts.  A  
calculation of the kinetic energy of the Replacement Steam Generator (RSG) primary manway  
stud and nut indicates that the RSG manway and handhole studs and nuts would also be low  
energy missiles.  

  
The main steam and feedwater piping  are analyzed considering the impacts of potential missiles (g) 
and (h) of Table 3.5-1. 

3.5.3.2  External Missiles 
 
a) Tornado Missiles 
 
Tornado generated missiles considered in the design include the following: 
 
 Missile Velocity Energy 

2" x 4" x 10' wooden plank 360 mph 1.33 x 105 ft-lbs 

4000 lb automobile 50 mph 3.35 x 105 ft-lbs 
 
The external walls of the reactor building, reactor auxiliary building, fuel handling building and diesel 
generator building are designed to withstand the tornado generated missiles.  The intake structure 
and associated valve pit are designed to protect safety related cooling water piping from tornado 
generated missiles.  The equation used to evaluate the missile penetration is as follows (Reference 
2): 
 D = K AP  log10     
  
where:  
 

 D = depth of penetration (ft) 

 K = coefficient of penetration   

 Ap  = missile wt ÷ cross-sectional area  

 V  = missile velocity  (ft/sec) 

 The required concrete wall thickness is 2 x D. 
  
Additional tornado missiles have been analyzed for their effect on plant structures and equipment 
using the characteristics presented in Table 3.5-1A.  Using the above formula for penetration, it is 
concluded that the plant concrete walls are capable of resisting any penetration by these postulated 
missiles. 
 
Below is a listing of the calculational assumptions used and a description of the conservatism 
contained therein. 
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Assumption Degree of Conservatism 
 
A) Effective Drag A) An effective drag factor (Ce)  
 Coefficient:  is used based on an effective 
   area (Ae).  The effective area, 
     Ce = Cd Ae/W  Ae, is assumed instead of the 

orientation of any of the maximum 
area because the orientation of any 
of the missiles will change with 
relation to the wind, thus resulting in 
a lower velocity than that obtained 
using the maximum area.  

 
   The turbulent cyclonic tornado 

winds are not conducive to missiles 
with a fixed orientation with respect 
to the wind direction. Rather, 
tumbling or a continuing 
reorientation of the missile with 
regard to wind is expected.  

 
B) Area of Impact B) The  minimum area of impact is 

used in the analysis resulting in the 
largest impact penetration. This is 
the most conservative approach.  

 
C) Height of Impact C) Although some missiles are 

indicated as not rising more than a 
certain distance above grade, all 
missiles with the exception  of the 
utility pole and the auto are applied 
to all, Class I structures regardless 
of height.  For these missiles this 
represents the most conservative 
approach.  

 
Per the Staffs request (Q2.25 May 15, 1974 Staff letter), another analysis has been conducted 
assuming a fixed orientation of the missile such that C=CdAmax/W.  This analysis is conducted to 
assess the upper limit of penetrability of missiles only.  It is not considered to be a design basis 
analysis.  The analysis also assumes a minimum impact area; in other words, it is assumed that 
suddenly the missile reorients itself to strike in the most penetrating position.  The resultant elevations 
and velocities are presented in Table 3.5-1B. 
 
The upper limit analysis for penetrability of structures indicates that for all the missile heights 
achieved (Table 3.5-1B) total penetration of the structures will not occur. 
 
Pursuant to a Staff request of August 26, 1974, the capability of the site to accommodate tornado 
missiles has been evaluated in detail.  This analysis is provided as Appendix 3F.  It reaffirms the Unit 
1 design basis for tornado missiles, and indicates where enhancement of capability to accommodate 
tornadic debris (spectrum of light objects) could be achieved. (See also Section 3.5.4.2). 
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b) Turbine Missiles 
 
Modern manufacturing and quality control procedures have eliminated the credibility of turbine rotor  
failures.  To ensure this, FPL complies with the turbine vendor's inspection/refurbishment  
recommendations.   
 
The main turbine is a Siemens Energy, Inc. unit consisting of one high pressure (HP) and two low 
pressure (LP) elements as shown on Figures 3.5-1 through 3.5-3. 
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For many years, Siemens Energy, Inc. original design of shrunk on disk rotors, as well as the 
advanced disk design, have demonstrated and proven the quality of this technology.  The total 
number of fleet operating hours is more than 2,750,000 which have led to more than 40,000,000 disk 
operating hours, bearing in mind that each unit consists of two to three LP turbine elements with six to 
ten disks each.  The oldest rotors have been in operation for approximately 225,000 operating hours, 
and the inspections of the disks performed after more than 200,000 hours detected no cracks. 
 
Several important factors have been contributed to this record: 

1) Factory test procedures 
 
Destructive testing of material specimens taken from the disc forgings and ultrasonic test of each disc 
following major heat treatment ensure sound discs with mechanical properties (tensile strength, yield 
strength, ductility and impact strength) equal to or exceeding the specified levels. 

2) Redundancy in the control system 
 
The turbine generator is provided with three overspeed protection systems, overspeed protection 
controller (OPC) and two redundant electronic overspeed protection systems.  The OPC (electro-
hydraulic) control system and the primary electronic overspeed protection system do not share any 
sensing devices.  These are discussed in detail in Section 10.2.2. 
 
On a unit trip, two separate main steam line valves (stop and governing valves) are tripped closed to 
provide a redundant system. 
 
It should be noted that each stop, governing, reheat stop and intercept valve is spring-closed; thus, it 
is only necessary to dump the high pressure fluid under the servo-actuators to close the valves. 

3) Operating test procedures 
 
Routine testing of the turbine steam inlet valves and the emergency overspeed protective system 
serve to verify continued operability of the overspeed protection. 
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4)  High pressure turbine construction and design 
 
The high pressure turbine element, as shown in Figure 3.5-1, is of a double flow design thus it is 
inherently thrust-balanced. Steam from the four control valves enters at the center of the turbine 
element through four inlet pipes, two in the base and two in the cover. These pipes feed four double-
flow nozzle chambers flexibly connected to the turbine casing. Steam leaving the nozzle chambers 
passes through the diagonal stage and flows through four reaction stages, all mounted on the inner 
casing upstream of the extraction.  Downstream of the extraction, steam flows through four reaction 
stages mounted on the guide blade carriers, shown in Figure 3.5-2.  The inner casing and the guide 
blade carriers are mounted on the outer casing. 
 
The high pressure rotor is made of 26NiCrMoV10-10 alloy steel. The rotating blades are made of 
X20Cr13 high chromium steel.  The rotor with rotating blades weighs approximately 121,916 lb. 
 
The inner casing and the guide blade carriers are GX8CrNi12 high chromium steel castings.  The 
diagonal stage guide blades are made of X22CrMoV12-1 high chromium steel.  The reaction stage 
guide blades are made of X20Cr13 high chromium steel.  The inner casing with stationary blades 
weighs approximately 48,700 lb., and each guide blade carrier with stationary blades weighs 
approximately 27,000 lb. 
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The outer casing cover and base (upper and lower half) are tied together by means of more than 100 
studs. The horizontal joint plane studs end cap nuts and the keys and support plates are made of 
X19CrMoNbVN11-1 high chromium steel. 
  
Studs have lengths ranging from 17 to 66 inches and diameters ranging from 2.75 inches to 4.5 
inches.    
 
All fragments generated by any postulated failure of the HP turbine rotor would be contained by the  
HP turbine inner casing, guide blade carriers, and outer casing.  

5)  Low pressure turbine construction and design 
 
The double flow low pressure turbine, shown in Figure 3.5-3, incorporates high efficiency blading, 
diffuser type exhaust and liberal exhaust hood design.  The low pressure turbine casing is fabricated 
from steel plate to provide uniform wall thickness, reducing thermal distortion to a minimum.  The 
entire outer casing is subjected to low temperature exhaust steam. 
 
The temperature drop of the steam from its inlet to the LP turbine to its exhaust from the last rotating 
blades is taken across three walls; a guide blade carrier, a thermal shield, and an inner casing as 
shown in Figure 3.5-3.  This precludes a large temperature drop across any one wall, except the 
thermal shield which is not a structural element, thereby virtually eliminating thermal distortion.  The 
fabricated inner casing is supported by the outer casing at the horizontal centerline and is fixed 
transversely at the top and bottom and axially at the centerline of the steam inlets, thus allowing 
freedom of expansion independent of the outer casing.  The guide blade carrier is, in turn, supported 
by inner casing at the horizontal centerline and fixed transversely at the top and bottom and axially at 
the centerline of the steam inlets, thus allowing freedom of expansion independent of inner casing.  
The inner casing is surrounded by the thermal shield.  The steam leaving the last row of blades flows 
into the diffuser where the velocity energy is converted to pressure energy. 
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The outer casing is fabricated mainly of ASTM 515-GR65 material.  The inner casing is fabricated of 
ASTM A 516-GR60 and the guide blade carrier is fabricated of ASTM A 508 material.   

The low pressure rotors are made of NiCrMoV alloy steel.   
 
The discs are made of NiCrMoV alloy steel.  There are six discs shrunk on the shaft with three per  
flow. These discs experience different degrees of stress when in operation. Disc No. 1, starting from 
the transverse centerline, experiences the highest stress, while Disc No. 3 experiences the lowest.   

6) Probability of postulated failures of LP turbine discs  
 
In view of operating experience and NRC safety objectives, the NRC staff has shifted emphasis in the 
reviews of the turbine missile issue from the strike and damage probability (P2xP3) to the missile 
generation probability (P1) and, in the process, has attempted to integrate the various aspects of the 
issue into a single, coherent evaluation. 
 
Through experience of reviewing various licensing applications, the staff has concluded that P2xP3 
analyses provide only “ball park” or “order of magnitude” values.  Based on simple estimates for a 
variety of plant layouts, the staff also concludes that the strike and damage probability product 
(P2xP3) can be reasonably taken to fall in a characteristic narrow range which is dependent on the 
gross features of plant layout with respect to turbine generator orientation; i.e., (a) for favorable 
oriented turbine generators P2xP3 tends to lie in the range of 10-3 to 10-2.  In addition, detailed 
analyses such as those discussed in this evaluation show that, depending on the specific combination 
of material properties, operating environment, and maintenance practices, P1 can have values from 
10-9 to 10-1 per turbine year depending on the turbine test and inspection intervals.  For these 
reasons, in the evaluation of P4 = (P1xP2xP3) the probability of unacceptable damage to safety-related 
systems from potential turbine missile, the staff is giving credit for the product of the strike and 
damage probabilities (P2xP3) of 10-3 for a favorably oriented turbine and 10-2 for an unfavorably 
oriented turbine (St. Lucie orientation), and is discouraging the elaborate calculation of these values. 
 
By maintaining an initial small value of P1 through turbine testing and inspection provides a reliable 
means of ensuring that the objectives precluding turbine missiles and unacceptable damage to 
safety-related structures, systems, and components can be met.  It simplifies and improves 
procedures for evaluation of turbine missile risks and ensures that the public health and safety is 
maintained. 
 
For these reasons, strike and damage calculations were not performed for the St. Lucie Unit 1 
replacement low pressure turbine.  A methodology has been developed by Siemens Energy Inc. and 
approved by NRC (Ref. 6).  This methodology determines the probability of an external missile (P1) to 
be the sum of the probability of an external missile for turbine speeds up to 120% of rated speed (Pr) 
and the probability of an external missile for turbine speeds greater than 120% of rated speed (P0).  
This methodology determines the external missile probability based on a turbine disc inspection 
interval of 100,000 hrs and quarterly turbine valve tests provided that no cracks are detected in the 
discs.  These results are then compared to the NRC minimum reliability requirement of P1<10-4/yr for 
favorably oriented turbines and P1< 10-5/yr for unfavorably oriented turbines (St. Lucie orientation) 
(Ref. 5).  In order to apply the approved methodology, the NRC requires the following: 
 
 a. The approximate date for the turbine disc inspection at the end of 100,000 hrs of 

operation of the rotors, 
 
 b. A commitment to inform the NRC about the turbine disc inspection results and plans to 

reduce the probability of turbine missile generation, P1, for continued operation should 
cracks be detected in the inspection, and 
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c. Justification for any additional turbine missile analyses, or minor deviations that may be plant 

specific.  
 
A missile probability analysis was then performed for the St. Lucie Unit 1 low pressure turbines which 
include the upgraded BB281-13.9m2 rotors with Advanced Disc Design shrunk-on discs (Ref. 7) by 
applying the currently approved methodology (Ref. 6) along with the extended 6 month valve test 
interval.  Based on the conservative assumptions applied, the probability of an external missile for 
speeds up to 120% of rated speed (Pr) is 2.88x10-7/yr for a disc inspection interval of 100,000 
operating hours.  Applying the 6 month valve test interval, the probability of an external missile for 
speeds greater than 120% of rated speed (P0) is 1.59x10-6/yr for a disc inspection interval of 100,000 
operating hours.  Therefore, P1 = Pr +P0 = 1.88 x 10-6/yr which can be compared to the NRC limit of 
1.0x10-5/yr (i.e., 11.42x10-5/yr for a disc inspection interval of 100,000 operating hours) to 
demonstrate the probability of an external missile is well below the NRC limit and the Unit can be 
operated for 100,000 hrs between disc inspections provided no cracking is detected. 
 
The turbine disc inspection interval will begin 100,000 operating hours following the PSL 1-24 
refueling outage.  The NRC will be informed of turbine disc inspection results and plans to reduce the 
probability of turbine missile generation P1, for continued operation should cracks be detected during 
the inspection. 
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3.5.4  BARRIER DESIGN PROCEDURES 
 
The analysis and design for the missile loads are based upon the elastic impact between missile and 
missile shield. Energy loss during impact is calculated in accordance with the "Structural Design for 
Dynamic Loads," by C. H. Norris and others. Local penetration is calculated in accordance with the 
"Design for Protective Structures," by Arsham Amirikian, Department of the Navy. The allowable 
stress increase due to the instantaneous behavior of missile load is in accordance with the "Design of 
Structures to Resist Nuclear Weapon Effects," ASCE Manual No. 42. 
 
The design criteria and additional protection provided to enhance the facility's tornado resistance 
capability is addressed separately in Appendix 3F. 
 
3.5.4.1  Internal Missiles  
 
a) Reactor Building 
 
The effects of missile generation are limited by surrounding potential missile sources with a missile 
barrier designed to contain the missile within a specific area. 
 
b) Reactor Auxiliary Building 
 
The -10 feet elevation of the reactor auxiliary building is divided into two compartments by a 
combination missile shield/flood wall. This is the only area of the reactor auxiliary building that 
contains both high pressure equipment and safety related equipment. 
 
c) Diesel Generator Building 
 
The common wall and connecting door separating the units is designed to withstand missiles 
developed on either side. 
 
3.5.4.2  External Missiles 
 
a) Tornado Missiles 
 
Plant structures, systems and components required for safe shutdown are 
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protected from the effects of a tornado missile by any of the following means: 

1) Design of structures, systems or components to withstand missile impact 

2) Protection of systems or components by structures designed to withstand missile 
impact 

3) Separation of redundant components to preclude simultaneous failure by single 
missile impact 

 
Table 3.2-1 lists the missile protection criteria applied to all safety related structures, systems and 
components.  The a, b, or c designation refers to items 1, 2 and 3 above. 
 
Redundant exposed and underground outdoor equipment and piping required for safe shutdown such 
as the auxiliary feedwater pumps, component cooling water pumps, and intake cooling water pumps 
are separated according to the criteria set forth in Section 9.2.1.3.4 or protected in accordance with 
Appendix 3F. Underground cabling is provided with a minimum of 3 ft. of soil cover including a 9 or 
15-inch reinforced concrete protective slab. In areas where redundant under ground cables must 
cross paths, one of the cables is buried to a depth of from 4 ft. to 5 ft. with a concrete slab placed 
between the cables.  All other components required for safe shutdown are located within or protected 
by structures designed to withstand tornado missile impact such as : reactor building, reactor auxiliary 
building, diesel generator building and the condensate storage tank enclosure.  In addition, the fuel 
handling building and the main steam and feedwater trestles are designed to withstand a tornado 
missile. 
 
Appendix 3F provides an evaluation of the tornado design.  It analyzes the capability to accommodate 
tornado missiles across the spectrum of possible missiles from the numerous light objects that will 
undoubtedly be found within the tornado wind field (tornadic debris) to the large high energy design 
basis type missiles, i.e., the 2 X 4 plank and the automobile.  The evaluation concludes that: 

(a) Based on meteorological considerations, supported by 85 years of historic data, the tornadic 
risk associated with the intense design basis type tornado is considerably less in peninsular 
Florida than in areas to the north and west. 

(a) The use of outdoor separated redundant components results in an acceptably low probability 
for loss of redundant components concurrent with a tornado strike at the site. 

 
In addition the review indicated that enhancement of the facility's tornado resistance capability can be 
achieved by providing additional protection from tornadic debris. Specifically this involves the 
following active components and structures: 
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(1) ICW pumps 

(2) CCW pumps 

(3) Diesel Generator Building openings 

(4) Diesel oil transfer pumps 

(5) Interconnecting the Unit 1 and Unit 2, (future) D. O. storage tanks. 

(6) Auxiliary Feed Pumps and inteconnection the Unit 1 and Unit 2 Condensate Storage Tanks.  
 
Protection for tornadic debris in these areas, is provided commensurate with the Commission's 
guidance on backfit as provided by 10 CFR 50.109. The design of the protection satisfies the 
following criteria: 

(1) The protection does not provide an additional source of tornadic missiles, i.e., it 
accommodates winds associated with the Staff's 360 mph tornado. 

(2) The protection accommodates a seismic event (DBE) without loss of function, or its 
failure does not adversely affect a safety related component or structure. 

(3) The protection is compatible with existing plant structures, maintenance requirements, 
and component operability requirements. 

b)   Turbine Missiles 
 
Based on the probability analysis results described in Section 3.5.3.2, there are no turbine missiles 
being postulated. 

3.5.5  MISSILE BARRIER FEATURES 
 
The plant general arrangement (Figures 1.2-1 through 1.2-19) shows the layout of structures used as 
missile barriers. Refer to Figure 3.5-6 for details of the reactor missile shield. 
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TABLE 3.5-1 
 

INTERNAL MISSILE PARAMETERS 
 
   Kinetic 
 Item Energy Weight Leading Section Structure/Shield/Barrier 
   (Ft-Lb) (Lb)  

a) Reactor Vessel 

 1) Closure Head Nut 2,022 116 Annular Ring, OD=10-9/16", Missile Shield on Reactor 
      ID=6.8" Vessel 

 2)  Closure Head Nut & Stud 4,932 710 Solid Circle 7" in Diameter Missile Shield on Reactor 
       Vessel 

 3)  Instrumentation Assembly 127,000 335 Solid Disk 6-1/2" Diameter Missile Shield on Reactor 
      and 3" Thick Vessel 

 4) Instrumentation from 144,000 165 Solid Disk 6-1/2" Diameter  Missile Shield on Reactor 
  Flange Up   and 3" Thick Vessel 

 5) Instrument Flange Stud 14.3 6-1/2 Solid Circle 1-1/2" Diameter Missile Shield on Reactor 
      Vessel 

b)  Steam Generator 

 1) Primary Manway Stud and 71 4-1/4 Solid Circle 1-1/2" Diameter Low Energy 
  Nut 

 2) Secondary Handhole Stud 8 1-3/4 Solid Circle 1" Diameter Low Energy 
  and Nut 

 3) Secondary Manway Stud 38 4.6 Solid Circle 1-1/4" Diameter Low Energy 
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TABLE 3.5-1 (Cont'd) 
 
 
   Kinetic 
  Item Energy Weight Leading Section Structure/Shield/Barrier 
   (Ft-Lb) (Lb) 

c) Pressurizer 
 
 1) Manway Cover Stud and Nut 71 4-1/4 Solid Circle 1-1/2" Diameter Pressurizer Enclosure  
 
 2) Lower Temperature Element  290 3 Solid Disk 2-3/4" Diameter Pressurizer Enclosure 
      and 1/2" Thick 
 
  
d) Control Rod Drive Assembly 57,000 900 Solid Circle 10" Diameter Missile Shield on Reator 
      Vessel 

e) Main Coolant Piping Tempera- 1,125 11.1 Solid Disk 2-3/4" Diameter Secondary Shield Wall 
  ture Nozzle with RTD   and 1/2" Thick 

f) Surge and Spray Piping Wells 277 1-3/4 Solid Disk 2-3/4" Diameter Secondary Shield Wall 
  with RTD Assembly   and 1/2" Thick 

g) Main Coolant Pump Thermal 1,125 11.1 Solid Disk 2-3/4" Diameter Secondary Shield Wall 
  Well with RTD    and 1/2" Thick 

h) Shutdown Cooling Valve Stem 3,340 85 Solid Circle 2-1/4" Diameter Secondary Shield Wall 
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TABLE  3.5-1A 
 

CHARACTERISTICS OF TORNADO GENERATED MISSILES 
 
 
 

   Density Length Minimum Area of Weight Velocity 
 Type of Object (lb/ft3) (ft) Impact (ft2) (lb) (mph) 

4" x 12" 
 Wooden plank 50 12 0.33 248 191 

Utility pole 13.5" 
 dia. (1)  43 35 0.99 1505 124 

1" Solid steel 
 rod (2)  490 3 0.0054 8.01 132 

6" Schedule 40 
 Pipe (2) 490 15 0.239 285 62 

12" Schedule 40 
 Pipe (3) 490 15 ___ ___ ___ 

 
 
 

(1) Still under investigation 
(2) No higher than 10 ft above the ground 
(3) Will not be sustained by the vertical wind 
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TABLE 3.5-1B 
 

MISSILE DATA 
 

  Max. velocity Elevation 
Type of Missile Cd Amax/W (mph) (ft)  
 

4" x 12" wooden plank 12' long. 
Density - 50 lb/ft3 0.06 229 70 

Utility pole 13.5" diameter 
35' long. Density - 43 lb/ft 3 0.026 182 26 

1" solid steel rod 3' long. 
Density - 490 lb/ft3 0.031 192 32 

6" schedule 40 pipe 15' long. 
Density - 490 lb/ft3 0.029 188 29 

12" schedule 40 pipe 15' long. 
Density - 490 lb/ft3 0.021 170 21 

Automobile 0.026 182 26 

2" x 4" x 10' wooden plank. 
Density - 50 lb/ft3 0.12 269 130 
 
 
NOTES: 
 

1) The velocity values presented above represent the maximum theoretical values that could be 
predicted. They are presented for information only and do not represent a design basis. 

2) The values in the last two columns of Table 3.5-1B are obtained using Grand Gulf PSAR 
Amendment 3, item 3.1, Table 1. 

3) The utility pole and automobile missiles originate only at ground level, and all other missiles can 
originate at any facility elevation. The elevations shown in the last column of Table 3.5-1B are 
the difference between the elevations at which impact occurs and the elevations at which the 
missiles originate. 
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TABLE 3.5-2 
 

MATERIAL PROPERTIES OF LP ROTOR DISCS 
 
 
  
 

DELETED 
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TABLE 3.5-3 

 
DESIGN OVERSPEED MISSILE EXIT PARAMETERS 

 
 
 
 
 
 

DELETED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.5-22 Amendment No. 26 (11/13) 



 

 

 

 

 
 

 

FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT 

 
 

HIGH-PRESSURE ELEMENT 
1800-RPM DOUBLE-FLOW DESIGN 

FIGURE 3.5-1 
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INNER CASING AND GUIDE BLADE 
CARRIERS 

FIGURE 3.5-2 
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LOW-PRESSURE ELEMENT 
1800-RPM DOUBLE-FLOW DESIGN 

FIGURE 3.5-3 
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TYPICAL LP CYLINDER 
 

FIGURE 3.5-4 
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PHYSICAL DIMENSIONS OF TURBINE 
MISSILE 

FIGURE 3.5-5 
Amendment No. 26 (11/13)   



Refer to drawing
8770-G-548

FLORIDA POWER & LIGHT COMPANY
ST. LUCIE PLANT UNIT 1

REACTOR BUILDING HATCH COVERS & MISC
DET’S – M&R, SH1

FIGURE 3.5-6
Amendment No. 15 (1/97)



3.6 PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE OF 
PIPING 

 
The criteria for pipe break protection has evolved over time.  The initial design bases were in accordance with 
guidance provided in letters sent by A. Giambusso, AEC Directorate of Licensing, in December 1972. This original 
guidance was supplemented by the issuance of Regulatory Guide 1.46 in May 1973 for all systems except the 
Reactor Coolant System.  The Reactor Coolant System used different criteria as discussed in Section 3.6.2  The 
plant was then constructed with pipe whip restraints located and designed to comparable criteria that was less 
intensive from an analytical standpoint, yet provided more whip restraints than Reg. Guide 1.46 would require.  Leak 
before break criteria was then adopted as an alternative means to treat Reactor Coolant hot leg and cold leg loop 
piping whip criteria per NUREG-1061. Generic Letter 87-11 was adopted as an alternative means to provide pipe 
break protection for Class 2, Class 3, and Non ASME Class systems to minimize the addition of or facilitate the 
removal of excess arbitrary intermediate pipe whip restraints.  Regulatory Guide 1.46 was withdrawn in March of 
1985 as more current information was provided by the July 1981 revision of the Standard Review Plan, Section 3.6.2.  
The following sections are comprised of paragraphs pertaining to the evolutions mentioned above. 
 
3.6.1 SYSTEMS IN WHICH DESIGN BASIS PIPING BREAKS OCCUR 
 
Circumferential (guillotine) and longitudinal (slot) breaks were postulated for the RCS hot and cold legs in the original 
plant design.  Since then, however, the NRC revised General Design Criteria (GDC) 4 to include the following 
statement: “dynamic effects associated with postulated pipe ruptures in nuclear power units may be excluded from 
the design basis when analyses reviewed and approved by the Commission demonstrate that the probability of fluid 
system piping rupture is extremely low under conditions consistent with the design basis for the piping”.  The dynamic 
effects of a LOCA include the effects of missiles, pipe whipping, discharging fluid (i.e., jet impingement), 
decompression waves within the ruptured pipe and dynamic or nonstatic pressurization in cavities, compartments, 
and subcompartments.  NUREG-1061 established criteria for existing plants to determine which systems were 
allowed exemption and the methodology that was applicable.  Reference 24 demonstrates that the primary loop 
piping meets all of the criteria for application of leak before break presented in NUREG-1061, Volume 3.  As a result, 
the mechanical/structural loads associated with dynamic effects of guillotine and slot breaks in RCS hot and cold legs 
are no longer considered a plant design basis (References 26 and 27).  The leak before break methodology 
concludes that: 
 
a. Small cracks which may go undetected during inspections do not grow significantly during service. 
b. Cracks which are assumed to grow through the pipe wall would leak significantly while remaining stable.  

The amount of leakage is detectable with a safety margin of at least a factor of 10. 
c. Cracks of the length that leak at the rate in (b) can withstand normal operation and safe shutdown 

earthquake loads with a safety factor of at least (2)1/2. 
d. Cracks twice as long as those addressed in (c) will remain stable when subjected to normal operation and 

safe shutdown earthquake loads. 
 
Although the requirement for designing for dynamic effects associated with a RCS hot or cold leg break have been 
eliminated from the plant design bases, the original design features installed to mitigate the consequences of such a 
break have been retained, with the exception of the SG sliding base support, the lower inlet restraint cables and 
upper RCP whip restraints around the driver mount and portions of the primary shield wall hot leg whip restraints 
removed for access to replace instrument nozzles (see Section 6.2.1.3.3 for changes to the reactor cavity pressure 
relief function).  As a result of the installation of the replacement steam generators (RSGs) during the steam 
generator replacement outage, the shim plate attached to the SG sliding base support casting has been permanently 
removed, thereby deleting the North-South direction LOCA restraint for the SG sliding base support.  The following 
subsections describe the assumptions and methodology used to design the RCS pipe restraints.  The environmental 
qualification design basis for safety related equipment inside containment remains unchanged (Reference 25). 
 
Design basis piping breaks are postulated to occur in the following systems or portions thereof: 
 
a) reactor coolant system (except hot and cold legs) 
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b) high pressure safety injection system (piping which is part of reactor coolant pressure boundary
only)

c) all lines used for shutdown cooling which includes portions of the low pressure safety injection
system

d) chemical and volume control system (letdown and charging lines)

e) main steam system

f) main feedwater system

g) steam generator blowdown system

h) auxiliary steam system

The analysis of high energy line breaks outside the containment is presented in Appendix 3C for items e)
and f) above. Appendix 3D includes analyses for items c), d), g) and h).

3.6.2 DESIGN BASIS PIPING BREAK CRITERIA

In analyzing the effects of LOCA pipe rupture, both circumferential (guillotine) and longitudinal (slot)
breaks are considered capable of occurring at any location along the piping.(1) Guillotine breaks and slot
breaks with an area up to the cross-sectional pipe flow area are assumed. The effects of resulting pipe
whip are considered in the design. The effects for jet impingement resulting from slot breaks are also
considered. Piping 1 inch and under is not considered to rupture.

AEC Regulatory Guide 1.46 required that rupture locations for piping systems inside the containment be
chosen based on stress limit and usage factor criteria, with a minimum of four such locations analyzed
inclusive of terminal ends. The guide further required that protection for pipe rupture (pipe restraints,
separation) be provided for piping systems in which operating temperatures exceed 200 F or operating
pressures exceed 275 psig.  (Note that for any future changes to the plant design, the Standard Review
Plan section 3.6 has superseded Reg. Guide 1.46, which has been withdrawn.)

                  

(1)  See Section 6.2.1.3.3.a.
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Pipe whip restraint locations for this plant are chosen based on maximum pipe spans required to develop 
ultimate moment and torque capabilities of the pipe cross section. Analyses are performed for typical 
piping configurations using forces developed under slot and guillotine type breaks as shown in Figure 3.6-
1. All piping systems with operating pressures above 125 psig are considered in the analysis. 
 
The pipe rupture criteria utilized for restraint of the primary coolant loops is different from other pipe whip 
criteria. It is as follows: 
 
 a) The supports for the steam generators and reactor are designed to accommodate pipe 

rupture loadings associated with a LOCA (see Section 3.9.1.4.2). 
 
 b) The reactor coolant pumps are restrained from becoming a missile in the event of a 

LOCA. 
 
 c) The primary coolant piping in the primary shield wall is restrained to minimize pipe 

separation in the event of a guillotine rupture of either the hot or cold leg. 
  
The location of the piping restraints in accordance with criterion b) and c) are shown on Figure 3.6-50. 
The restraints to meet criterion b) include reactor coolant pump suction line stops and around the RC 
pump motor. The restraints to meet criterion c) include the stops around the primary coolant loops in the 
primary shield wall and the wall itself. A guillotine rupture of the cold leg at the nozzle of the steam 
generator is the only leg expected to form a plastic hinge. This is confirmed by the analysis described 
above. The force will cause the pipe to be driven to the floor. 
 
It should be noted that circumferential (guillotine) and longitudinal (slot) breaks in RCS hot and cold leg 
piping are no longer considered a design basis for GDC 4 (Reference 27 NRC acceptance letter for leak 
before break).  The primary loop piping is not susceptible to failure from the effects of corrosion, water 
hammer, fatigue, brittle fracture or indirect causes such as missiles or failure of nearby components.  As a 
result, the mechanical/structural loadings associated with the dynamic effects of a large hot or cold leg 
break need not be considered. 
 
The criteria described herein used for pipe rupture analyses demonstrate that protection of safety related 
systems, equivalent to that afforded by the criteria of Regulatory Guide 1.46, is provided since a greater 
number of restraints are provided on a greater number of piping systems. 
 
For Class 2, Class 3, and Non ASME Class Systems, Generic Letter 87-11 dated June 19, 1987,  
eliminated the requirement for all dynamic effects (missile generation, pipe whipping, pipe break reaction 
forces, jet pressurizations and decompression waves within the ruptured pipe) and all environmental 
effects (pressure, temperature, humidity and flooding) resulting from arbitrary intermediate pipe ruptures.  
It also allows the elimination of pipe whip restraints and jet impingement shields placed to mitigate the 
effects of arbitrary intermediate pipe ruptures. 
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Generic Letter 87-11 revised Branch Technical Position MEB 3-1, "Postulated Rupture Locations in Fluid 
System Piping Inside and Outside Containment", as contained in the Standard Review Plan (SRP), 
Section 3.6.2, "Determination of Rupture Locations and Dynamic Effects Associated with the Postulated 
Rupture of Piping," Reference 28.  All modifications to Class 2 and 3 piping systems may invoke this new 
criteria (see Appendix 3.J) in lieu of the original criteria provided that the requirements stipulated in 
Appendix 3J are fully complied with.  The new criteria is based on portions of the revised Branch 
Technical Position MEB 3-1 applicable to St. Lucie Unit 1. 
 
As stated in NRC Generic Letter 87-011, Reference 27, "Licensees of operating plants desiring to 
eliminate previously required effects from arbitrary intermediate pipe ruptures may do so without prior 
NRC approval unless such changes conflict with the license or technical specifications.   ...the licensees' 
updated FSARs should reflect eliminated hardware associated with arbitrary intermediate pipe ruptures."  
Arbitrary intermediate pipe ruptures, which previously were specified are no longer mentioned or defined.  
However, requirements  for postulated terminal end pipe ruptures, postulated intermediate pipe ruptures 
at locations of high stress and high usage factor and for leakage cracks are retained. 
 
3.6.3 DESIGN LOADING CONDITIONS 
 
The design loading combinations, design condition categories and design stress limits for safety related 
piping systems are given in Table 3.9.3. 
 
All safety related equipment is designated in accordance with the rules stipulated in Sections 5.2.1.4 and 
3.9.2.  
 
The following loads are considered in the design of the pipe whip restraints inside the reactor containment 
and reactor auxiliary buildings: 
 
D =  Dead load of the pipe whip restraint 
 
PR = Steam/water jet forces and/or pipe whip reactions resulting from a ruptured pipe. A dynamic load 

factor of 2.0 is used in the design of all pipe whip restraints to account for the dynamic nature of 
the load.  
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DBE=Design basis earthquake load. 
 
The pipe whip restraints are designed to withstand the following load combinations within the allowable 
stresses specified: 
 
 Load Combination   Allowable Stress 
 
a) D + DBE    90 percent of material 
      yield strength 
 
b) D + P R     90 percent of material 
      yield strength 
 
The configurations and details of typical pipe whip restraints are shown on Figures 3.6-2, 3 and 18. 
 
3.6.3.1 Asymmetric LOCA Loads (historical) 
 
The RCS hot and cold leg piping meets the criteria of 10 CFR 50 GDC 4 and NUREG-1061 for 
application of leak-before-break methodology (as established by Reference 24).  Consequently, dynamic 
effects caused by circumferential (guillotine) or longitudinal (slot) breaks of this piping need not be 
considered, and therefore, analysis of the capability of RCS components to withstand asymmetric LOCA 
loads is no longer required. 
 
As part of the original (and later) plant design bases, the reactor pressure vessel, fuel assemblies and 
internals, control element assemblies, primary coolant piping and attached ECCS piping, all primary 
system supports, and the biological and secondary shield walls were analyzed for asymmetric LOCA 
loads resulting from such breaks (see Appendix 3H).  The results of the evaluations are described below. 
 
Pursuant to the NRC request of February 16, 1978, evaluations conducted for asymmetric LOCA loads 
(see Appendix 3H) were expanded in scope to include an assessment of the reactor pressure vessel, fuel 
assemblies and internals, control element assemblies, primary coolant piping and attached ECCS piping, 
all primary system supports, and the biological and secondary shield walls for a spectrum of breaks in the 
primary system. 
 
The results confirm that the vessel supports will adequately withstand all the loads resulting from the 
postulated physically possible circumferential break in the vessel inlet pipe. The cold leg guillotine break 
in the cavity is the break which results in the largest loading of the vessel supports. Therefore the vessel 
supports are clearly adequate for all other break locations. 
 
Results also show that all supports for the primary system are adequate for all break locations, that the 
stresses in the intact primary piping and attached lines are sufficiently low to ensure performance of 
intended functions, and that the biological shield wall performs its intended function. The secondary 
shield wall is designed for postulated primary system ruptures within the steam generator 
subcompartments. 
 
Results further show that the control element assemblies, which are not needed for the postulated 
breaks, maintain the pressure boundary integrity when subjected to the motions resulting from those 
breaks. Analyses of the adequacy of the reactor internals and fuel were performed using a slightly 
different hydraulic model to compute the forcing functions to be applied to the said internals and fuel. The 
forcing functions took no consideration of limitations in break area other than may be due to the strength 
of the primary piping itself. This was done to take advantage of these very same analyses performed for a 
virtually identical plant, Calvert Cliffs, recognizing that results thus obtained would bound those that would 
be computed for the breaks physically possible in St. Lucie 1. The results of the reactor internals 
analyses demonstrate that 
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the internals are capable of accommodating loads resulting from the largest cold and hot leg breaks.  The
analyses of the fuel indicates that for an unrestrained inlet break localized crushing of the grid spacers
occurs near the top of some of the peripheral assemblies.  However, this limited crushing does not
prevent maintaining the coolable geometry of the assembly and the core overall.  See Reference 22.

In Reference 23, the NRC staff concluded that there is reasonable evidence that the Unit 1 reactor would
withstand the effects of asymmetric LOCA loads.
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3.6.4 DYNAMIC ANALYSIS

3.6.4.1      Pipe Whip

The reaction force on the ruptured pipe and the force resulting from jet impingement are calculated as
follows:

      Reaction Force = kPo A (lb)

      Jet Impingement Force = kU m Po A (1)

where k is the thrust coefficient which is used to compute the impingement force, and U m is the ratio of
the peak axial velocity at some distance "x" from the origin of the jet to the initial jet velocity. The peak
velocity at any distance from the origin of the jet is obtained from equations and charts of Reference 1.

PoA is the product of the initial pressure inside the broken piping and the break flow area.

The thrust coefficients used for guillotine and slot breaks are as follows:

THRUST COEFFICIENT, k

Two Phase, Flashing         Sub-Cooled
Type of Break Dry Saturated Steam              Water or Wet Steam           Water

Guillotine 1.01 1.12 1.6
Slot 0.63 0.68 0.97

The design for the protection against dynamic effects of pipe rupture is based on the premise that breaks
could occur anywhere in the pipe run, and not on the criteria formulated on the hypothesis that satisfactory
protection from whipping pipes can be achieved by restraining against breaks postulated at stress related
locations. Consequently many more restraints are utilized than would have been provided had the stress
related criteria been used. The spacing of such restraints is based on the ultimate moment carrying
capability of the restrained pipe such that for a break between consecutive restraints additional breaks
would not result at either restraint or any other one. As a result, the protection provided against pipe
rupture is at least the equivalent of that which would be achieved according to the stress related pipe
break criteria and the pipe whip analysis methodology of Reference 1. Even assuming that an individual
restraint could not bear the entire pipe rupture load, the adjacent restraints would share the load and still
result in an adequately restrained system.

To verify whether the restraints are adequately designed, since the design is based on a static force
applied with a dynamic load factor of 2.0, it is necessary to examine the dynamic characteristics of the
force as well as the structural response of the restraint.

The dynamic behavior of the reaction force on any given pipe and any given break depends on several
factors among which the more salient are:
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a) characteristics of contained fluid (steam, compressed water, pressure, temperature)

b) capacity of reservoir behind break

c) configuration of piping system

d) location of the break with respect to the reservoir (friction effects)

e) presence of flow restrictors in the line.

The initial peak value of the reaction force is only slightly affected by friction effects, phase change effects
and flow restrictors. However, the subsequent transient phase is very much affected by the above factors
and also the actual configuration of the system. Thus, for each given break, it is far easier to predict fairly
accurately the first peak value of the reaction force than it is to predict the subsequent transient phase.
From experiments (Reference 2) and also published literature (Reference 3), the following can be stated
with regard to this transient regime:

a) For subcooled decompression (such as would occur in feedwater line, shutdown lines, rain
coolant lines), the initial force peak decays rapidly as the pressure drops to the saturation
pressure for the given temperature, then stabilizes at a slowly decaying value, as shown in
Figures 3.6-5 and 3.6-6. The duration of this sharp transient is dependent on the location of the
break with respect to the reservoir, the presence of any flow obstacles between the reservoir and
the break, and the friction in the line. In general, the duration will be less than 1-2 milliseconds.

b) For steam breaks, again the peak force value lasts only a few milliseconds. Prior or subsequent
values of the force are lower, although the effect is not as pronounced as in subcooled
decompression.

Since, due to the gap between piping and restraint, the broken pipes also require times of tho order of
milliseconds to strike the restraints, the peak force will not be acting on the break constantly, but rather the
total impulse received will be less than that which would he calculated by using the peak force as
constant. Furthermore, the energy imparted will be even less, e.g., half the impulse corresponds to one
quarter of the energy. Thus a constant force of lower magnitude could be justified in a static analysis.

The dynamic load factor (DLF) is the product of the force actually acting on the restraint times a dynamic
amplification factor accounting for the response of the restraint, the maximum value of which would be 2.0
if the restraint behaved entirely elastically. In reality the restraint will respond elasto-plastically and the
magnitude of the dynamic amplification factor (DAF) will be less than 2.0. The force
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acting on the restraint is the sum of the jet force acting at the time of impact (transmitted through a lever 
arm) plus the force acquired by the pipe due to its acceleration through any existing gap between the pipe 
and the restraint. 
 
Hence:  Fequiv static X DLF = (Fjet at impact + Facceleration through gap) x DAF    (3) 
 
The peak thrust values used in the static analysis are essentially the peak theoretical values assumed in 
the methodology of Reference 1, corrected to account for friction effects which always exist as flows 
develop and continue. In case of slot breaks the exit friction losses become very significant, thus even if 
the initial thrust (no flow) equals POA, its duration is such that the impulse may be negligible with respect 
to the total impulse developed under flow conditions. 
 
In the final analysis, quantitative justification of the coefficient used to predict jet thrust and the 
correctness of the DLF employed can only be provided by performing a dynamic analysis of the piping-
restraint system. To determine the degree of conservatism provided by the static analysis method 
employed, a number of systems will be dynamically analyzed and the results will be compared to those 
obtained by the static method. Refer to Section 3.6.4.3.  
 
A diagram for each of the piping systems inside and outside of containment that is postulated to rupture 
and for which restraint is necessary is presented in Figures 3.6-10, 3.6-13 through 3.6-18, Figure 3.6-29, 
and Figures 3.6-33 through 3.6-51. As shown on these figures, the constrained direction is perpendicular 
to the pipe axis. 
 
3.6.4.2   Jet Impingement 
 
Curves have been developed for lines which run in proximity of safety related components. These curves 
are used to determine jet impingement forces resulting from pipe breaks and acting on adjacent 
equipment, piping and structures. For flat surfaces, the jet impingement forces on the analyzed 
components are calculated by multiplying the jet impingement pressure by the area of that component 
which is contained within the are a of the jet. 
 
The geometry of the jet, its pressure distribution and its temperature distribution depend on the nature of 
the discharged fluid and the sur-rounding medium. For a single phase jet (dry steam) the divergent angle 
of the jet is calculated as a function of the degree of heating (ratio of the jet temperature in °K to 
temperature of surrounding air in °K) from charts developed in Reference 4 and reproduced here in 
Figures 3.6-7 and 3.6-8. For a two phase jet, the divergent angle is a function of densities of the jet 
mixture and the surrounding medium and can be calculated from Figure 3.6-9. For a subcooled water jet, 
the expansion angle is taken as 25°. 
 
The jet force on a given surface depends on the extent and shape of the surface. As long as the struck 
surface is larger than the jet, equation (1) is used. This equation is conservative in that no credit is taken 
for the velocity profile of the jet at every point. 
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Abramovitch has shown that the velocity profile at any point "x" along the jet axis is given by:
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where d(x) is the jet diameter at point "x".and y(k) is the distance from the axis to the jet at point "x", at
which U(x) is measured.

Equation (1) calculates the jet force on a structure as if the average velocity at "x" corresponded to the
peak velocity at "x", whereas, in reality the average velocity is only 0.26 Um(x), and the corresponding
average force is 0.52. The average force on a wall intercepting the entire jet is thus overestimated by
using equation (1).

If the struck surface does not intercept the entire jet, the impingement force is further reduced to account
for the projected area of the target. If the struck surface is very small with respect to the jet and such that
the jet completely surrounds it, the force is equal to the drag force on the target and is calculated by
multiplying equation (1) by the proper drag coefficient.

For pipes, the jet impingement force on the analyzed components are calculated by multiplying the jet
impingement pressure by the projected area of that portion of pipe which is contained in the area of the jet
and multiplying the result by a factor of 0.6 to account for the curvature of the component.

In evaluating the load carrying capability of pipe the internal pressure and the effects of strain hardening
are considered. In the case of a simply supported pipe experiencing a slot failure, the cross-sectional area
of the pipe capable of sustaining a moment is considered to be the defect area which accounts for the
presence of the slot break instead of the original pipe area.
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3.6.4.3  Pipe Whip Analysis - Main Steam and Feedwater

As shown on Figure 3.6-52, a break location was established at node 12 for the main steam line. A break
at node 12 results in the maximum impact at the restraint located at node 9 and the maximum total strain
in the pipe.

Span lengths between pipe whip restraints are as shown on Figures 3.6-52 through 3.6-55,for main steam
and feedwater piping. The maximum span lengths depicted were established using the design criteria
presented in Section 3.6.5-1. As stated in 3.6.5.1, failure stress is limited to that value which corresponds
to 50 percent of the true ultimate strain when related to a simplified stress-strain curve (Figure 3.6-9A).

For the steam line break selected (node 12 on Figure 3.6-52 ), the moment required for full plasticity, for
yielding and the actual moment computed for that limiting case are 35.2 x 103 in-kip, 27.8 x 103 in-kip and
35.2 x 103 in-kip, respectively. The actual computed moment and the moment to full plasticity are equal
since for this limiting span length the pipe does plastically deform, but does not whip.

Sensitivity studies for the main feedwater line outside containment are summarized for variations in gap
length and pipe wall thickness in Table 3.6-1 and Figures 3.6-63 through 3.6-68. A reduction in gap
reduces peak restraint reactions while decreasing wall thickness seems to increase reactions.
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The span method of restraint placement (See Section 3.6.5.1) does not provide for a margin to full
plasticity since the method itself assumes the pipe to go plastic.  The span method does, however,
prevent maximum calculated strain from exceeding one-half of the ultimate strain.  For example, at the
instance when a pipe is fully plastic, the pipe can still carry moments - only additional strain energy into the
pipe will cause further straining up to the ultimate.

If the strain hardening is ignored, as was done in this analysis, then the span method does not predict the
strain corresponding to imposed moment since this strain is not unique.  However, Figure 3.6-61 shows
that the maximum strain does not even approach half ultimate strain values.  Since zero strain hardening
was employed, it follows that the calculated moment at maximum strain and the moment required for full
plasticity are identical, 35.2 in-kip.

At this moment value, the pipe has not collapsed and can continually carry equal or diminished loads.  The
moment necessary to yield the outer fibers of the pipe is 27.8 in-kip.

Figures 3.6-52 through 55 provided the span lengths, restraint locations and node locations using nodal
breakdown requirements for pipe whip analysis. Nodal breakdown requirements for pipewhip analysis are
different than those required for stress analysis as reflected in the piping isometrics of Section 3.6.

Because node points were included in the numbering scheme in Figures 3.6-52 through 55 and since
nodes were not shown in other Section 3.6 figures, no correspondence should be expected between the
two except that piping dimensions and location of pipe whip restraints are identical.

To illustrate this point  refer to Figures 3.6-36 and 3.6-52. Figure 3.6-36 restraint locations MS-2, MS-3
and MS-5 correspond to restraint locations 2, 4  and 8 in Figure 3.6-52, respectively.  All the related
figures have been reviewed for accuracy.

a)  Conclusions

Four cases (2 feedwater line breaks and 2 main steam line breaks) of circumferential pipe rupture were
analyzed for maximum restraint reactions and maximum pipe strain.  All analyses were extended for a
period of 0.2 seconds past initiation of pipe rupture when steady state oscillations of the deflection of the
rupture point occurred with decreasing amplitude.  Strain hardening in the pipe was assumed to be zero
for conservatism.

Figure 3.6-56 indicates that blowdown forces for the feedwater line rupture reach a steady state value of
110,000 lbs at 0.034 seconds; for the main steam line, the blowdown forces reach a value of 135,000 lbs
at 0.1 seconds, decrease exponentially to 100,000 lbs at 0.15 seconds, and continue to decrease at the
same exponential rate thereafter.
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Since the steam line is multi-planar, restraint reactions can occur in more than one direction and in more
than one restraint. This is evident from the reaction force results plotted on Figures 3.6-57 and 3.6-58.
Peak reactions in all cases except two were below the 2 KPA factors applicable to the line under analysis.
In the two exceptions (feedwater line break at node 6, Figure 3.6-59 and main steam line break at node
12, Figure 3.6-58), the peak duration is approximately 0.002 seconds or less.

Since the natural periods of the restraint system, consisting of the steel frame restraints, the embedments
and the concrete wall are of 0.002 seconds or less, this system was reviewed to determine to what extent,
if any, its Primary function of pipe restraint during blowdown may be impaired.

A very conservative analysis of the steel frames, in which the stiffening effects of collar plates and webs
were ignores and the pipe whip impulse loads were treated as step functions constant in time, revealed
that yield would occur in the structure. Since the pipe whip dynamic analysis was based on the assumption
of elastic, non yielding restraints, the effect of yielding would be to reduce the loading peaks shown in
Figures 3.6-58 and 3.6-59. However, the nonyielding assumption used in the pipe whip analysis is taken,
as the more conservative approach. In either case, yielding or nonyielding, the steel frames will perform
their function of adequately restraining the pipes against excessive movement.

Assuming complete rigidity of the steel frame restraints and concrete, the bolts, subjected to a pulse (hat
function) loading of 0.002 seconds duration were shown to reach a peak strain of 0.0155 in/in (based on a
bilinear stress-strain curve in which Young's modulus E=30x106 psi and the strain hardening modulus S-
0.05E) for carbon steel. This strain is well below 1/2 ε µ  for carbon steel (taken as 0.1) and is confined to
the threaded portion of the bolt. Once more it is seen that under very conservative assumptions the bolts
do not rupture, and that yielding results in lowering the applied pulse peaks due to pipe whip.

Assuming, once more, that the restraint frames remain rigid, and that a step function load is applied
through the bolt anchor plates to the concrete with a peak equal to the applied pipe whip impact-pulse
distributed to the embedded bolts, it was shown that the concrete would not fail in shear (i.e., pullout) and
that the concrete wall was adequate to resist these loads.

In summary the design of the pipe whip restraints and embedments is considered adequate to perform
their primary function of limiting pipe motion and secondary damage following a pipe break because there
will be no intolerable loadings as a result of exceeding the factor 2.0 for the k load factor.

Maximum strains in the feedwater and main steam lines are found by adding the yield strain to the
maximum plastic strain. These peak strains, in all cases, are considerably less than half the ultimate strain
of the materials (main steam - steel, A 155 GR-KC 65; feedwater - steel, A 106 GRB).
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Critical results of these analyses are indicated on Figures 3. 6-57 through 3.6-64 and on Table 3.6-2 
for the four ruptures considered. 
 
b)  Dynamic Analysis 
 
Four different breaks were analyzed, two on a main steam line and two on a feedwater line.  The 
break locations chosen, restraint locations, geometry, material properties, and maximum operating 
temperatures and pressures for each break condition are shown in Figures 3.6-52 through 3.6-55. 
The four breaks were chosen as representative of breaks producing maximum impact reactions and 
pipe strains.  In all cases circumferential breaks were analyzed since the greatest potential for 
whipping a pipe exists.  Thrust forces, at the break locations were developed by performing a time 
history, thermal hydraulic analysis of the blowdown with the RELAP-3 code (Reference 14), suitably 
modified to predict thrust forces. 
 
With the RELAP-3 code the transient energy, momentum, and state equations were solved for an 
assembly of control volumes and flow paths modeling the piping system.  The total thrust out of the 
break was evaluated as the sum of three components: 
 
a) A Momentum flux component equal to W2/gc ρA, representing the outflow of moment out of 

the control volume about the break, 
   
b) a pressure force component equal to (Pe - Pa )A, representing unbalanced pressure forces on 

the control volume about the break, such as occurring when flow is choked at the exit plane, 
and 

c)          an inertial component equal to    
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 representing the thrust due to acceleration caused by the change of momentum with time 

within the control volume about the break. 
  
Herein t is the time, W the mass flow rate, A the break flow area, Pe the pressure at  
the exit plane, Pa the ambient pressure,ρ the fluid density, gc the gravity constant, and L the length of  
the control volume chosen to represent the break.  The velocity used in the calculations is either the  
inertial velocity (Bernoulli's equation) or the choking velocity as found from Moody's critical flow  
correlation (Reference 12). 
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Time dependent blowdown forces are shown by curves in Figure 3.6-56, Empirical functions 
conservatively approximating this data, shown in heavy lines on Figure 3.6-56 were used in the 
dynamic analysis pipe whip program "PLAST" as input.  Gap data and spring constants for pipe whip 
restraints are as indicated in Tables 3.6-3 through 3.6-6 for the four breaks chosen. 
 
The "PLAST" program models the pipe run as a lumped parameter system with elastoplastic material 
properties.  The equations of motion of the system are solved by a step by step integration method in 
the time domain using varying time steps to insure solution stability. 
 
A pipe run is modeled as a lumped parameter system consisting of discretized "masses" and 
"springs".  The "masses" are represented by the physical mass and rotary inertia of the pipe while the 
"springs" are represented by pipe stiffnesses corresponding to the 6 degrees of freedom for every 
point along the pipe axis. 
 
A section of pipe bounded by lumped masses at each end is defined as an "element".  A 12 x 12, 
symmetric stiffness matrix may be written for each such element.  The individual terms of the matrix 
may be represented by the symbol "kij" where the i,j subscripts refer to the row and column locations 
respectively of the term within the matrix.  For a linear pipe element, the non-zero terms are given 
below: 
 
k11  = AE/L k5,9  =  k26  = k9,5 
 
k17   =  -k11  =   k71 k5,11  =  k11,5  =  β 
 
k22  =  12 E I/(L3 = L C) k66  =  k55 
 
k26  =  k62  = - 6 E I/(L2 + C) 
 
k28  =  k82  =  - k22 
 
k2,12 =  k12,2  = k26 
 
k33  =  k22 
 
k35 =  k53  = -k26 
 
k39  = k93  = - k33 
 
k3,11 = k11,3 = k35 
 
k44  =  GIx/L 
 
k4,10 =  k10,4  =  -k44 
 
k5,5  =  4 E I/L - α 
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k68   =  k86  =  - k26 
    
k6,12 =  k12,6 =    β 
 
k77   =  k11 
 
k88   =  k22  
 
k8,12  =  k12,8  =  -k26 
 
k99   =  k33 
 
k9,11  =  k26 
 
k10,10  =  k44 
 
k11,11  =  k55 
 
k12,12  = k66 
 
 
When E = Young's modulus 
   
 G = Shear modulus 
  
  L = Element length 
  
  A = Cross - sectional area of pipe metal 
  
  I  = Cross - sectional moment of inertia in bending 
  
     Ix = Torsional moment of inertia 
  
  C = 24 μ (1 + ν)r2 
  
  ν = Poisson's ratio 
  
  μ = Shear factor (2 for pipe) 
   
  r = (I/A)½ 
  
  α = (3C/L2 + c)(EI/L) 
  
  β =   6EI/ (L + c/L) – (4EI/L)(4 L2 + c/4(L2 + c)) 
 
 
This stiffness matrix includes the effect of transverse as well as Torsional shear. 
 
Stiffness matrices have also been developed for curved and "stepped" elements with appropriate 
"flexibility" factors applied. 
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The equations of motion for an element are written: 
      ..            . 
[M]{X} + [C]{X} + [K]{X} = {F}     (1) 
 
for linear elastic behavior where: 
 
[M], [C], [K] are the mass, damping and Stiffness matrices. 
       .     .. 
{X},{X},{X} are the displacement, velocity and acceleration vectors and {F} is a vector of forces acting 
at the element nodes (end masses) that keep the element in equilibrium.  Hence in the absence of 
external applied forces at a node these represent internal forces. 
 
The equations of motion for the overall structural system are obtained after adding individual element 
stiffness matrices (referred to overall global axes).  The overall equations of motion have the same 
appearance as (1) but {F} represents a vector of forces acting on but external to the structural 
system. 
 
Damping: 
 
An upper bound damping factor(16) is found for the range of periods between 0.025 seconds and the 
largest system period.  This requires the determination of two constants α and β such that: 
 
Cij  = 2 βMij + αkij                                        (2) 
 
where: Cij, Mij, kij are the damping, mass and stiffness terms of the 
 
ith row and jth column of the [C], [M] and [K] matrices respectively. 
 
The damping matrix represented in (2) represents a conservative estimate of the system damping. 
 
Plasticity: 
 
The materials that make up a piping system are considered to yield according to Von Mises(17)criteria 
and are either elastic - perfectly plastic (zero-hardening) or harden "isotropically."(18) The constitutive 
laws are considered to be "incremental" in that they relate increments of plastic deformation to total 
stress at a point in body as follows:    
 
 
                                                                            (3) 
     
 
 
 
  where:  Δ (   )  =  increment of (   ) 
 
   G = Shear modulus                   
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ε’ ij, τ’ij are the tensor components of strain and stress deviators respectively 
 
   F ( )ij'τ  is defined by: 

 
    F ( )ij'τ   - J2    =  0     (4) 

 
   The Von Mises yield criteria are stated in the following way: 

I F  
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Equation (4) may be depicted as a right circular cylinder making equal angles with three principal 
axes representing principal stresses at a point. (18) When yielding occurs, the plastic strain increment 
can be plotted on the same set of axes (with an appropriate scale factor) as a vector normal to the 
cylindrical surface.  Isotropic hardening is represented as an expansion of the cylinder cross - section 
about its origin (i.e., isotropically). In order to establish hardening parameters it is necessary to know 
the slope and shape of the uniaxial stress - strain curve beyond initial yielding. 
 
The flow rule associated with the Von Mises yield criteria is not applied directly to the framed 
structures.  Instead, use is made of yield surfaces in "force space" (19) derived from the Von Mises 
yield surface.  These surfaces are symmetrical with respect to principal force axes but lack point 
symmetry.  A simplifying approximation to such surfaces may be made by utilizing their 
circumscribing sphere in force space.  The equation of this space is given as: 
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                                                                                                                         (5) 
 Where:  Mx, My, Mz are the internal moments about the designated axes. 
 
Fx

P, Mx
P, My

P, Mz
P are the fully plastic values of these forces 

  
Fx is the internal axial force on a member. 
  
κ is the sphere radius. 
  
The associated flow is then: 
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Where:   =Δ P
iX  the ith component of plastic displacement increment 

 
    Fi   =   the ith component of internal force (limited to the 
           components in eq. (5)) 
 
The total displacement of a point can be broken up into elastic and plastic components: 
 
 
 
Then since only elastic displacement contribute to force at a node, equation (1) becomes:               (7) 
 

           [M] { X&& } + [C]{ X& } + [K] {X} = {F} + {F(P)}                                                                                      (8) 
 
Where:     {F(P)} = [K]{X (P)} 
 
is the "plastic correction force" developed internally for a yielding element, and assembled as a total 
correction force for the overall structure system.  Expressions forΛ in equation (9) for cases of one 
and two nodes of an element yielding are shown in detail in reference (20).  These were based on the 
following assumptions: 
 a) - Small deformation 
 b) - Concentrated forces applied only at nodes (masses) 
 c) - Yielding at a cross - section occurs simultaneously over the 
    entire cross - section or not at all 
 d) - There is no spread of yielding beyond the node along the beam axis 
 e) - The flow rule of eq (6) applies 
  
In the case of isotropic hardening, one seeks parameters that indicate the correct yield surface to use 
(in force space) for the flow rule, eq. (9).  Towards this end the following terms are defined for pipe 
beams: 
 
 a) - Effective stress: 
 

  2e J3≡σ  
 
 
where: 
 
  J2  =  1/3 ( τxx)2  +  (τxo)2 
 
 b)  - Effective plastic strain: 
 
     n 

  e(P) ≡  ∑  (Δei
(P)) 

    i =1 
 

Where:  ])(2)[(3/2e 22)P(
xx

)P(
i 2

xoy
Δ+εΔ≡Δ  
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 c)     -  Effective stress strain curve 
   σe 
 σe = σy + He(P) 
 
                                                              H 
   σy I 
(Initial Yield Stress) H = ES/E-S 
 
 
       e(P) 
 
    E=Young's modulus  
  S=Plastic modulus 
  
(Shown for a bilinear material) 
 
 Fig 1 
 
The effective stress-strain curve is a plot of stress vs plastic strain for a uniaxial specimen.  For a 
three dimensional analysis, it represents the radius of the yield surface plotted against effective 
plastic strain.  The area under this curve is the plastic work of deformation.  Therefore if the forces 
that give rise to yielding along this curve are known the expression for the yield surface in force space 
may be used to find plastic displacement increments as in equation (6). 
 
Solution 
 
Solution of equations (8) is by the Newmark "Beta" Method (21) using Beta = 1/6 and a convergence 
rate of 0.1. The initial integration step is found internally as a fraction of the approximate value of the 
lowest period of the system.  Solution stability is assured by maintaining an upper bound of 1/5 on the 
value of this fraction.  Further improvements in the time step may be made by accounting for the 
lowering of natural frequencies of the system that result from yielding. 
 
In propagating the solution through the time domain, no modifications are made to the initial stiffness 
and mass matrices.  The problem, in short, is considered to be in the "small deformation" regime.  
However small deformations give rise to large deflections and rotations.  Hence, blowdown forces at 
severed pipes are made to follow the pipe movements.  Gaps at restraints, are treated as step 
changes in displacement force boundary conditions; i.e. a node initially with a zero force specification 
in some direction suddenly changes its specification to zero displacement in that direction.  Pipe whip 
restraints are modeled as bilinear, elastoplastic springs of zero length and negligible mass.  These 
"take a ride" with the whipping pipe until the gap is closed. 
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As each element of the system in loaded, it deforms according to elastic and than elastoplastic 
constitutive laws.  Unloading occurs elastically leaving a residual "plastic displacement" in each of the 
yielded elements. 
 
Restraint models consist of one or more "anchors" and elastoplastic external springs with initial gaps; 
the latter representing the pipe whip restraints.  All hangers and earthquake restraints are considered 
to have failed.  Rebound velocities and impact forces are affected by gap size, restraint and pipe 
material properties and system damping as follows. 
 
Rebound velocities and impact forces at a restraint result from the instantaneous introduction of a 
displacement boundary condition at the restraint.  This boundary condition imposes displacement 
constraints on a mass which has the effect of applying external forces on the mass.  If the boundary 
condition nullifies displacements in any direction, the restraint is considered "rigid."  If displacements 
are a linear function of themselves, the restraint is considered "elastic." If displacements are 
governed by laws of one dimensional elastic-plasticity, the restraint is considered as an "elasto-
plastic, strain-hardening" restraint.  The sum of the rate of change in momentum of the mass due to 
the introduction of this boundary condition plus the viscous forces in the mass plus the internal force 
of the attached pipe is the total force acting on the mass.  The resultant total momentum change 
accounts for the instantaneous rebound velocity of the mass.  These factors depend on the mass 
velocity at impact, the type of restraint (rigid, elastic or elasto-plastic), system damping and the 
stiffness properties of the pipe.  Gap size affects the mass velocity at impact. 
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The analysis, in each break case, was allowed to run until it was observed that the loaded mass point 
oscillated with decreasing amplitude about some displacement value.  It was noted, in all cases, that 
the first peak in reaction force magnitude was never subsequently superceded, even though 
displacement peaks were reached after the reaction peaks.  Strain hardening in the piping system 
was taken as zero for conservatism. 
 
The peak plastic strains in each system are indicated in Figures 3.6-62, 64, 66 and 68. The total 
strain in each case can be obtained by adding the yield strain to the maximum plastic strain and is 
seen never to approach εu/2. 
 
Results of pipe whip analyses performed on guillotine breaks in two locations of the feedwater line on 
either side of the penetration and in two locations of the main steam line inside containment are 
shown in Table-3.6-2. In addition, sensitivity studies for the feedwater line outside containment are 
shown for a change in gap and a change in wall thickness.  A reduction in gap reduces peak restraint 
reactions as was expected.  Decreasing the wall thickness however seems to have the opposite 
effect.  The results of this sensitivity study are given in Figures 3.6-63 through 3.6-68 and Table 3.6-
1. 
 
The coefficients used to calculate the jet thrust force on the ruptured pipe are based on the following: 
 
 1) Maximum theoretical values of the thrust coefficients have been predicted by Moody 

(Reference 12) under steady flow conditions to be 1.26 for steam and flashing water, 
and 2.0 for subcooled water.  These values ignore frictional effects in the pipes and exit 
effects. 

   
   2) In real fluids friction and exit losses are present, therefore the maximum theoretical 

coefficients have been modified to account for such losses.  Thrust forces for several 
piping breaks involving steam and feedwater were derived by using the RELAP-3 
thermal hydraulic code (Reference 14).  The results show that at steady state flow 
conditions peak values of the thrust coefficients are close to unity for steam and 1.1 for 
flashing water.  The particular values listed above of 1.01 and 1.12 respectively for 
steam and flashing water were derived for conditions typical in power plants using 350 
psi exit pressure for saturated steam and low quality (≈ 1 percent) and 800 psi 
pressure at the exit plane for feedwater. 

   
 3) For subcooled water frictional effects are accounted for by utilizing a resistance 

coefficient of 1.23 (Reference 11) 
   
  4) To account for the more severe contraction present in the case of a slot break, a 

contraction coefficient of 0.61 has been chosen (Reference 13). 
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c)  Static Analysis 
 
The actual force acting on the restraint at the time of impact is equal to the sum of the jet force acting 
on the broken pipe at that time (transmitted through a suitable lever arm) and the force due to the 
energy acquired by the pipe as a result of its acceleration through any existing gap between the pipe 
and the restraint. 
 
If this force is to be applied statically, then it must be multiplied by a suitable dynamic amplification 
factor (DAF) which accounts for the response of the restraint and the structure supporting the 
restraint.  The maximum value of the DAF for a one degree of freedom system is 2.0, assuming the 
restraint behaves entirely elastically.  In reality the restraint will respond elastoplastically, and the 
magnitude of the DAF will be less than 2.0. Thus, the equivalent static force applicable to any 
restraint is given by: 
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Since neither the F (jet at impact), nor the F (acceleration through gap) are known (both being 
functions of piping configuration, gap size, pipe size, break location, etc.) it is convenient to express 
the equivalent static force by the product of the peak thrust force (F jet       kpa) and a load  
 peak 
amplification factor (DLF) which accounts for load increase due to acceleration through the gap and 
dynamic response of the system.     Hence: 
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therefore, the relation between DLF and DAF is given by: 
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Since DAF was expected often to be equal to unity, a value of 2.0 was chosen for DLF. 
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An expansion angle of 250 was chosen for subcooled water jets as a result of work done in Reference 
15.  Values of the dispersion angle of subcooled water jets are reported in the literature to vary 
between 6.5 to 12.5 degrees (half-angle). (8)  For equal jet exit conditions, the assumption of a smaller 
dispersion angle would result in higher target loading at equal distances from the jet origin.  This is 
also true for close up targets where total loads   would be nearly the same but the distribution of 
pressure loading would be more severe. 
 
The significant difference between loadings calculated by using a 10 degree or a 12.5 degree half-
angle is noted for remote targets only if the actual velocity distributions are used at the target location. 
 However when uniform velocity distribution is utilized having the centerline velocity value, then the 
choice of a wider dispersion angle becomes conservative: 
 
For instance, for an axisymmetric jet, the centerline velocity at any distance x from the jet origin is 
given for the conditions of uniform fields of density and velocities at the initial cross section of the jet, 
and the pole of the main jet region resting at the initial cross section of the jet by: 
 
   
 
 
where: 
  
   ro  =  radius of the jet at the origin 
  
   Uo =  exit velocity 
  
The centerline velocity equation contains its dependence on dispersion angle through the factor 12.4, 
which is given as 2.73/tan 12.5 degrees.  For the 10 degrees half-angle, the corresponding velocity 
expression would be: 
 
 
 
 
The velocity, and hence the target loading calculated with a normal velocity distribution, determined 
for the smaller angle would be approximately 20 percent higher than the corresponding quantity 
evaluated for the 25 degrees angle.  However, the calculated loading based on a uniform peak 
velocity is conservative by approximately 50 percent. 
 
The-friction factor used in the RELAP-3 program, used to generate blowdown data, is the following: 
 
a)       For Junctions having no initial flow 
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where:

f = Fanning friction factor
Aw = Wetted wall area
A = Cross sectional area of flow

b) For junctions having flow, the code calculates the friction factor internally from
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where:

Wj and Pj are the mass flow rate and density of the fluid at junction j, and ∆Ppump,j is the 
pressure head due to a pump located at junction j; Pi and Pi+1 are the total pressures in
volumes i and i+1 across junction j, including gravity head.

3.6.5 PROTECTIVE MEASURES

Piping within the plant is arranged or restrained such that in the event of a LOCA, the dynamic effects
associated with the pipe rupture will not result in loss of containment integrity or prevent engineered
safety features from mitigating the effects of the LOCA.

The containment vessel is protected from the effects of LOCA pipe rupture by the secondary shield
wall. The secondary shield wall encloses all piping whose failure could cause a LOCA. Pipe whip
restraints are provided on all such lines which are connected to containment penetrations to limit the
pipe rupture loads on the penetrations.
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Protection of engineered safety features against the effects of LOCA pipe ruptures is provided by any
or a combination of the following:

a) Spatial separation of redundant pipings and components such that pipe whip or jet
impingement resulting from the LOCA cannot damage both redundant components.

b) Placing of pipe whip restraints such that resulting pipe movement cannot damage adjacent
piping or components.

c) Placing of barriers between redundant components.

Where required, protection against damage to adjacent piping or equipment from pipe whip is
provided by limiting the amount of movement of the ruptured pipe. This is achieved by placing pipe
whip restraints such that the reaction forces on the broken pipe do not cause formation of a plastic
hinge.

Restraint spacings have been developed for rupture in all typical piping configurations as shown on
Figure 3.6-1. Reaction forces ire calculated using the relationships in Section 3.6.4.

The design loads for pipe whip restraints are determined by the location of the pipe rupture in relation
to the physical location of the pipe restraint. To assure conservatism, pipe ruptures are postulated in a
location on the system which would create the largest forces and moments on the restraints. The
magnitude of the load (static) corresponds to the pipe reaction or jet impingement forces.

Since this load is applied suddenly, the restraints are designed for impact loading. This is
accomplished by increasing the static nature of the load by a dynamic load factor and the restraints
and restraint structures are analyzed in terns of an equivalent static load.

The magnitude of the dynamic load factor varies depending, on the rapidity and inelasticity of the load
application and the dampening characteristics of the system. It is known, however, that the maximum
value, based on a single degree of freedom system is 2.0. To assure conservatism, a design load
factor of 2.0 has been used for design of pipe whip restraints.

Where required, protection against damage to piping or equipment from jet impingement from an
adjacent ruptured pipe is provided by ensuring that the spacing between piping or equipment is such
that the jet impingement loads do not result in failure of the piping or equipment being impinged upon.
the jet impingement forces are calculated using the relationships given in Section 3.6.4. The
impingement force is attenuated with distance from the break according to the variation of jet velocity
and divergence with distance.

There is no critical equipment exposed to a reactor coolant pipe break blowdown. Critical piping
underwent analysis to assure that there would be no failures as a result of the LOCA jet impingement.
The critical piping system pipe break forces were compared to those that could re-
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sult from the jet impingement (this includes the cantilever effect on the nozzles where the critical
piping penetrates the vessel) to determine which was larger. Additional restraints were added where
the jet impingement forces were larger.

3.6.5.1 Spacing of Pipe Restraints

a) Design approach

For the pipe rupture loading condition, the design philosophy is that the ruptured pipe itself must be
restrained in such a way that it does not develop pipe whipping and consequently impair a nearby
pipe, critical structure or pieces of equipment.

To implement the above, the load carrying capacities of the pipe under the postulated "maximum
credible load evaluated in terms of its ultimate capabilities to resist torsion and/or bending;i.e. the pipe
is allowed to experience permanent deformation without loss of function of the system. once the
ultimate load carrying capabilities of the pipe are established, the spacing of the pipe restraints can
then be designed to prevent pipe whipping.

b) Ultimate Load Capability

In the evaluation of the ultimate load capability, it is assumed that a structure fails when the applied
loads produce maximum primary stresses equal to those corresponding to 50 percent of the total
strain on the trapezoidal stress-strain curve as shown in Figure 3.6-9A. This consideration accounts
for the difference between actual and theoretical structures due to the presence of welding or
connections. The basis for the above assumption is the work performed at the United States Naval
Ordnance Laboratory. The Naval Lab work shows that models of vessels with welding and
connections burst when the maximum strain was of the order of 50 percent of the total strain.

To simplify the analysis, the stress-strain diagram is approximated by a trapezoidal curve, as shown in
Figure 3.6-9A. The design failure stress, Su*. material is obtained from the resulting diagrams at the
strain εu*. = 0.50 εu.

This linearized approach introduces further conservatism because the failure stress thus selected
corresponds to a strain less than 50 percent of the total strain on the actual stress-strain diagrams.
For ferritic material with a pronounced yield point this difference is small, but significant. For stainless
steel, the difference is greater. The slope of the actual stress-strain diagram is much steeper than the
linear model used in the calculations of the failure stresses in the region of the yield point indicating
that most of the strain hardening resulting in increased strength occurs as soon as the structure starts
to yield.

Structures having hollow-circuit cross sections are considered approximating nozzles or pipes carrying
steam or water under pressure, when subjected to mechanical loads across their total cross section.
The method used by Stokey, Peterson and Wunder (7) to evaluate limit
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loads for tubes under internal pressure, bending moment, axial .force and torsion rigid-plastic material
without strain-hardening has been adopted and amplified to account for the effect of strain hardening.
This effect has been evaluated following the method outlined in References (8), (9), and (10). The
Tresca, or maximum shear stress, theory has been applied in this development.

c) Analytical Methods

The principal stresses in a Mohr's circle are
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(2) St   = axial tensile stress

Ss  = shear stress

S3  =  -
2
P

(3) P   = Internal pressure

In the case of S2 > S3, the stress intensity, i.e., S.I. is given by:
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In the case of S2 < S3:
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Using the maximum shear stress criterion, the limit condition is:

S.E. = Su* (6)

that is, when S2 > S3:

 1/2 (St + Sm) + ( ) 2
s

2

SSS
2
1

mt +



 −  + p

2
1

 = Su* (7)

3.6-26



and, when S2 < S3:
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= Su* (8)

Equations (7) and (8) yield the lower limits on the allowable axial tensile stress. Rewriting the above
equations:
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where:

S = 1 - P/2K1 Sy (11)

K1 = Su*/Sy = 1 + (Su/Sy -1) εu* / εu (12)

For the case of no shear stress, Equations (9) and (10) give:
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For the combinations of stresses present in the components of piping systems, Sz is usually greater
than S3, therefore the equations that normally apply are (4), (7), (9) and (13).

For the compressive stress region, the previously mentioned cases, i.e., S2 > S3 and S2 < S3, also
occur. In the components of piping systems S2 is algebraically smaller than S3.
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Using the maximum shear stress (τm) criterion, the limit condition is: 
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Where Sc = axial compressive stress.  This gives: 
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For the case of no shear stress, equation (16) becomes: 
 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

y1

m
1all.

y

c

SK
S1K

S
S

         (17) 

 
The axial load N, and the bending moment, M can then be written in terms of (Sc) all. and (St) all .  Due 
to the presence of stresses in different planes, the compressive and tensile stress distributions do not 
necessarily have to be symmetrical. 
 
The different combinations of N and M that are assumed to cause "collapses" are given by the 
trapezoidal stress distributions with the maximum tensile and/or compressive axial stresses as 
calculated from equations (9) and (16). 
 
Figure 3.6-9B shows a typical stress distribution when the pipe begins to collapse. In this figure, it has 
been assumed that the extreme fiber stress in compression reaches (Sc)all. and Sy < St < (Sc) all. 
 
Another possible case, although not depicted here, is that the extreme fiber stress in tension reaches 
(St) all. and Sy<│Sc│<(St)all.  
 
However, since most common steels display greater strength in tension that in compression, the 
stress growth is faster in the compressive region. It is, therefore, reasonable to disqualify the latter in 
favor of the former stress distribution. 
 
The axial force, N, and the bending moment, M, are defined as follows: 
 

 

  

dA     S = N
 

A
∫          (18) 

 

 dA   y  S = M
 

A
∫          (19)  
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It has been shown that ultimate load capabilities for pipe can very well be based upon assuming thin
walled tubing. Introducing cylindrical coordinates and assuming a thin-walled tube, the following
expressions can be obtained:

y = r sin ψ (20)

dA = t r dψ (21)

For the example illustrated in Figure 3.6-9B, the axial force, N, and the bending moment, M, are then
given by:

   dΨ SdΨ Str2 = N c

θ

 
2
π

t

 
2
π

θ 
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(22)

   dΨsin Ψ Sdsin Ψ Str2 = M c

θ
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Ψ ∫∫

−

(23)

By proportioning of the stress distribution diagram in Figure 3.6-9B and Sc can be expressed as

( )
Sinθ -1

Sinθ - SinψS'SSS ytyt −+= (24)

( )( )
Sinθ  1

Sinθ - SinψSSSS yallcyt
+

−+−= (25)

The bending moment increases as the angle, θ, approaches zero.

By inspection of equations (9) and (16), it is found that (St) all.

is always greater than │(Sc)all│ Since St' is less than (St)all, conceivably
St can equal (Sc)all

The axial force, N, is calculated from equations (22), (24) and (25) and it is consequently assumed to
be zero. The effect of axial force on the maximum moment capability is negligible for reasonable
pressures and standard pipe sizes (7). Also a normally restrained pipe run does not exhibit any axial
loads under the considered loading conditions.
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 By inspection of equation (26), it is clear that 
 
 
 St' = │(Sc)all│  when θ = 0         (27) 
 
This condition gives the ultimate moment which can be evaluated from equations (23), (24), (25), and 
(27). Thus, 
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By substituting equation (12) into equation (16), and making use of the postulated assumption that 
εu*/εu = 1/2, the following is true: 
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Equations (28) and (29) give the dimensionless ultimate moment as 
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where Mo = 4 tr2Sy          (31) 
 
The ultimate torque-moment for a thin-walled tube can be expressed in terms of the shear stress, S s 
as 
 
T = 2πr2 t Ss           (32) 
 
or in dimensionless form 
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where To = 2πr2 t Sy         (34) 
 
Substituting equation (33) into equation (30) yields: 
 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
++= 1

S
S2

T
T4

S
S1

8
π1

M
M

y

m
2

o

2

y

u

o
     (35) 

 
d) Maximum Spacing of Constraints-for Pipe Rupture Loading 
 
 
Generally, the severity of the guillotine type rupture (circumferential rupture) by far exceeds the effect 
of the slot type failure regardless of piping configuration. It is, therefore, sufficient to utilize the former 
loading condition to determine the maximum allowable unrestrained length of pipe run. Since most 
piping layouts are designed with straight runs and 90° bends or elbows, interaction between bending 
and torsion seldom occurs. Hence moment calculations due to external loadings are greatly simplified 
(see preceding subsection C). The moment is simply calculated as the force times the perpendicular 
distance to the point of constraint or restraint. 
 
Assuming that a broken pipe can be represented as a cantilever, 
the moment under bending at the constraint for restraint is given by: 
 
 
M = k PAL          (36) 
 
 
where kPA is the force at the break, and L is the distance from the break to the restraint, and 
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The reduced moment can now be calculated from equations (31) and (36). 
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To prevent further pipe rupture or excessive deflection, this reduced moment must be less than the 
expression per equation (35) with T/To = 0 
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Thus, 
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Introducing the dimensionless variables η = t / Do 

 
Φ =  πP / Sy + (π/8) (Su – Sy), this can be written as 
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Under twisting of the pipe, the dimensionless unrestrained length kL/Do is similarly expressed for the 
case of torsion as: 
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If the above inequalities are satisfied, then span length selected is considered acceptable. 
 
e) Primary System 
 
Circumferential (guillotine) and longitudinal (slot) breaks were postulated for the RCS hot and cold 
legs in the original plant design.  Since then, however, the revision to 10 CFR 50 General Design 
Criteria (GDC) 4 allows elimination of the consideration of dynamic effects of these loss of coolant 
accidents from the plant design bases.  The dynamic effects of a LOCA include the effects of 
missiles, pipe whipping, discharging fluid (i.e., jet impingement), decompression waves within the 
ruptured pipe and dynamic or nonstatic pressurization in cavities, compartments, and 
subcompartments.  Reference 24 demonstrates that the primary loop piping meets all of the criteria 
for application of leak before break presented in NUREG-1061, Volume 3.  As a result, the 
mechanical/structural loads associated with dynamic effects of guillotine and slot breaks in RCS hot 
and cold legs are no longer considered a plant design basis (References 26 and 27). 
 
The original pipe rupture criteria used to design the primary coolant loop restraints is described below 
for historical purposes.  It is as follows: 
 
a) The supports for the steam generators and reactor are designed to accommodate pipe rupture 

loadings associated with a LOCA (see Section 3.9.1.4.2) 
 
b) The reactor coolant pumps are restrained from becoming a missile in the event of a LOCA. 
 
c) The primary coolant piping in the primary shield wall are restrained to minimize pipe separation 

in the event of a guillotine rupture of either the hot or cold leg. 
 
The location of the piping restraints in accordance with criterion b) and c) are shown on Figure 3.6-
50. The restraints to meet criterion b) include reactor coolant pump suction line stops, restraints on 
the RC pump casing, and around the RC pump motor. The restraints to meet criterion c) include the 
stops around the primary coolant loops in the primary shield wall and the wall itself.  A guillotine of the 
cold leg at the nozzle of the steam 
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generator is the only leg expected to form a plastic hinge. This is confirmed by the analysis described
above. The force will cause the pipe to be driven to the floor.

There is no critical equipment exposed to a LOCA blowdown. critical piping underwent analysis to
assure that there would be no failures as a result of the LOCA jet impingement. The critical piping
system pipe break forces were compared to those that could result from the jet impingement (this
includes the cantilever effect on the nozzles where the critical piping penetrates the vessel) to
determine which was larger. Additional restraints were added where the jet impingement forces were
larger.
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TABLE 3.6-1

SENSITIVITY STUDY FOR 20" FW LINE OUTSIDE CONTAINMENT

Max. Plastic Max. Defl.
Node No. Gap Wall Thick. Max. Reaction Strain in At Loaded
At Restraint (in)    (in)     (lbs) Pipe Node

5 2 1 .8721 x 106 .0065 6.381"

5 2 1.5 .68 x 106 .0072 5.446"

5 4 1.5 .7806 x 106 .00148 9.255"
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TABLE 3.6-2

SUMMARY OF PIPE WHIP ANALYSIS

Line Description Guillotine Break Active Restraint Maximum Deflection Maximum Reaction Maximum Plastic
at Node Number Node Number at break at Restraint Strain in Pipe

(pounds x 106)

Feedwater Outside
containment 1.5"             7           5   9.255"    0.7806    0.00148
wall and 4.00" gap

Feedwater Inside
Containment            7           6   3.502"    1.34    0.00259

Mainsteam Inside    2.72* (+X)
Containment           12           9   11.46"    2.34 (+Z)    0.00762

Mainsteam Inside           9    1.0 (+Z)
Containment           16         13   13.36"    1.78 (+X)    0.0000

   1.52 (+X,-Z)

*Values exceeding 2KPA have a duration of <2 milliseconds
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TABLE 3.6-3

MAIN STEAM LINE INSIDE THE CONTAINMENT
GUILLOTINE BREAK AT NODE #12

Restraint
Node I.D. No, El. Spring Const. Pl. Spring Const. Gap (in.)

2 MS-12 8.536 x 106#/in 3.570 x 105 #/in 6.00

4 MS-13 8.786 x 106#/in 3.650 x 105#/in 6.00

 

8 MS-15 8.786 x 106#/in 3.650 x 105#/in 5.50

9 MS-16 8.786 x 106#/in 3.650 x 105#/in 5.50

11 MS-17 8.786 x 106#/in 3.650 x 105#/in 4.00

TABLE 3.6-4

MAIN STEAM LINE INSIDE THE CONTAINMENT
GUILLOTINE BREAK AT NODE #16

Restraint Information

Restraint
Node I.D. No. El. Spring Const. Pl. Spring Const. Gap (in.)

2 MS-12 8.536 x 106 #/in 3.570 x 106 #/in 6.00

4 MS-13 8.786 x 106 #/in 3.650 x 106 #/in 6.00

8 MS-15 8.786 x 106 #/in 3.650 x 106 #/in 5.50

9 MS-16 8.786 x 106 #/in 3.650 x 106 #/in 5.50

11 MS-17 8.786 x 106 #/in 3.650 x 106 #/in 4.00

13 MS-18 8.786 x 106 #/in 3.650 x 106 #/in 4.00
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TABLE 3.6-5

BOILER FEEDWATER LINE OUTSIDE THE CONTAINMENT
GUILLOTINE BREAK AT NODE #7

Restraint Information

Node El. Spring Const. Pl. Spring Const. Gap (in.)

2 8.536 x 106 #/in 3.570 x 106 #/in 4.00

4 8.536 x 106 #/in 3.570 x 106 #/in 4.00

5 8.536 x 106 #/in 3.570 x 106 #/in 4.00

TABLE 3.6-6

BOILER FEEDWATER LINE INSIDE THE CONTAINMENT
GUILLOTINE BREAK AT NODE #7

Restraint Information

Node El. Spring Const. Pl. Spring Const. Gap (in.)

4 8.786 x 106 #/in 3.650 x 106 #/in 2.50

6 8.786 x 106 #/in 3.650 x 106 #/in 4.00
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3.7  SEISMIC DESIGN 
 
3.7.1  INPUT CRITERIA 
 
3.7.1.1  Design Response Spectra 
 
The design response spectra for the Operating Basis Earthquake (OBE) and Design Basis 
Earthquake (DBE) are shown on Figures 3.7-1 and 3.7-2 respectively. These spectra were used 
in the seismic design of safety related structures, systems and components. The design spectra 
were developed from an envelope of spectra based on vibrating ground motion from several 
earthquakes, using appropriate amplification factors. The development and justification of the  
design response spectra (Housner spectra) is presented in Section 2.5.2.  
 
3.7.1.2  Synthetic Time-History Earthquake Records  
 
3.7.1.2.1 Earthquake Simulation Model 
 
Synthetic time-history earthquake records were used in the design of seismic Class I piping 
systems and equipment. 
 
The ground motions developed were based on a non-stationary, multi-period stochastic 
earthquake model with variable magnitude and duration developed by Hou (Reference 1) and 
Cornell (Reference 2). The nonstationary aspect of the model refers to the time variation of 
ground motion acceleration and the multi-period aspect refers to variations in the relative 
frequency content of the accelerogram. The stochastic nature of the model results from the 
random selection of phase shifts in the ground motion periods. In general, N sine terms of   
different magnitude, amplification and phase shift are added to form the desired ground motion   
record. 
 
In particular there are four input parameters: 
 
a) Expected duration of earthquake motion 
 
b) Expected maximum ground acceleration 
 
c) Shape of the power spectral density function which defines relative ground motion 

intensity as a function of period and the shape of the ground motion response spectra 
 
d) The shape of the intensity function which defines the basic shape of the ground motion 

acceleration record 
 
These input parameters are used to generate synthetic earthquakes as outlined below. 
 
The ordinates of the power spectral density function are normalized so that the area under the 
density function is unity. These normalized ordinates are then used to calculate normalized or 
relative amplitudes of N sine terms. A random phase shift between zero and 2π is then cal- 
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culated and introduced in each sine term. These manipulations provide N stationary time 
dependent sinusoidal motions with random phase shifts. The normalized intensity function which 
is an input variable is multiplied by the expected maximum ground acceleration. The resulting 
time dependent intensity function and the sum of the time dependent stationary sinusoidal 
motions are then evaluated at given time intervals. These two results are multiplied together at 
given time intervals to give the amplitudes of the resulting nonstationary ground motion 
accelerogram at given time intervals. 
 
The velocity responses for various percentages of critical damping are then calculated for each 
earthquake motion generated. The response is calculated at given periods which are part of the 
input variables. In addition, average response spectra are calculated for all the records 
developed from a given set of data. 
 
Sixty-four natural periods of vibration points are used to produce spectra curves from synthetic 
earthquakes. The breakdown of these periods are indicated in the following: 
 
a) from 0.030 sec to 0.10 sec 
 12 points are used with 0.005 sec equal interval 
 
b) from 0.10 sec to 0.30 sec 
 20 points are used with 0.01 sec equal interval 
 
c) from 0.30 sec to 0.50 sec 
 10 points are used with 0.02 sec equal interval 
 
d) from 0.50 sec to 1.0 sec 
 10 points are used with 0.05 sec equal interval 
 
e) from 1.0 sec to 2.0 sec 
 10 points are used with 0.10 sec equal interval 
 
f)  2.5 sec and 3.0 sec. 
 
Response spectra calculated in this manner give irregular response spectra because they are 
developed from. individual earthquakes. This contrasts with the design response spectra (see 
Figures 3.7-1 and 3.7-2) where a smooth curve was drawn through the irregular response 
ordinates to give average spectra. 
 
3.7.1.2.2  Development of Synthetic Earthquake Records 
 
The following are the criteria used for developing the synthetic earthquake records used in the 
design: 
 
a) Acceleration records for the design earthquake were developed with a magnitude of 0.05 

g which have response spectra approximating the Housner spectra. The DBE records 
were obtained by doubling the magnitude of the OBE records. 

 
b) The input accelerogram peaks to achieve the response spectra were between 0.045 g 

and 0.055 g for the OBE. 
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c) The response spectra of the synthetic earthquakes have isolated points falling below the 
Housner response spectra. 

 
d) The damping factors considered were 0.5 percent, 2 percent and 5 percent. 
 
Based on these criteria, input data were selected to develop the required ground motion 
accelerograms. A plot of the intensity function is shown on Figure 3.7-3. Since it was necessary 
to develop earthquakes with response spectra similar to the design response spectra, the power 
spectral density function was chosen to meet this criteria. This requirement necessitated a trial 
and error approach. 
 
3.7.1.2.3  Results 
 
Four ground motion acceleration records were developed which meet the proposed criteria. 
These records have maximum accelerations of 0.049 g 0.049 g, 0.052 g and 0.051 g. The 
response spectra for each of these records were calculated for 0.5 percent, 2 percent and 5 
percent damping. Then the response spectra ordinates of all four records were averaged for each 
percent of damping. The averaged time-history response spectra are shown in comparison to the 
design response spectra on Figure 3.7-4. The response spectra calculated in this manner yield a 
good approximation of the Housner spectra with only isolated points falling below the design 
response curves. For 0.5 percent critical damping the design response spectrum and the time-
history response spectrum of the synthetic earthquakes gave maximum acceleration amplification 
of 5.0 and 6.6 at periods of 0.2 and 0.27 seconds, respectively. 
 
The requirement of spectra enveloping is satisfied when the averaged spectrum derived from four 
sets of synthetic earthquake records are used. A comparison between the actual design spectra 
and the generated average spectra for various damping values are shown in Figure 3.7-4. This 
shows that the selected synthetic earthquake records are compatible to and in general more 
conservative than the design spectra. 
 
In the actual design of seismic Class I plant structures, the normal mode method is used based 
on the actual design spectra. The four synthetic earthquake records are only used to generate 
floor response spectra for piping or equipment seismic analysis. 
 
The floor response spectra are generated in accordance with the following procedures 
(Reference 14): 
 
a) Four independent time history analyses are made for all seismic Class I structures using 

synthetic earthquake records as the input ground motion. The results of these analyses 
provide four sets of time history responses of each floor level where floor response 
spectra are to be generated. 

 
b) Four floor response spectra with appropriate damping values are generated using 

standard numerical integration methods based on four independent time history floor 
responses. 
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c) The final floor response spectra to be used for piping and equipment seismic analyses 
and design envelop all four floor spectra as described in item (b). 

 
The method proposed above is adequate and sufficient to assure a reasonable and conservative 
design of plant structures, piping and equipment. 
 
3.7.1.3   Critical Damping Values 
 
Values of critical damping used in the seismic analysis are as follows for the various types of 
structural members: 
 
 PERCENT CRITICAL DAMPING 
 
      OBE   DBE 
    (0.05g ground  (0.10g ground 
    surface acceleration)  surface acceleration) 
 
Welded steel plate 
assemblies    1    1 
 
Steel containment 
vessel     2    2 
 
Welded steel framed 
structures    2    2 
 
Bolted or riveted steel 
framed structures   2.5    2.5 
 
Reinforced concrete 
equipment supports   2    5 
 
Reinforced concrete frames 
and buildings    2    5 
 
Steel piping1    0.5    0.5 
 
Soil     10    10 
 
3.7.1.4   Site Dependence of Analyses 
 
The development of the seismic design response spectra was based on expected response of 
the subsurface materials at the site to seismic excitation. The analysis includes amplification of 
the seismic accelerations from bedrock to ground level due to the response of the overlying soil 
layers. The effects of site related parameters on the seismic response spectra are discussed fully 
in Section 2.5.2. 
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1 For analysis of piping, damping values specified by ASME Code Case N-411 may be applied.  
Refer to Section 3.9.2.3 (pages 3.9.23 and 3.9.23a) of this UFSAR for details. 
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3.7.1.5   Soil-Structure Interaction 
 
All structures are soil supported. Due to the rigid and massive behavior of all seismic Class I 
structures and the relatively soft soil characteristics, it was anticipated that considerable rocking 
and translating motions of structures may take place during a severe earthquake at the site. To 
include these motions in the seismic analysis, it was considered appropriate to model the soil into  
rotational and translational springs to allow for these additional degrees of freedom. The spring  
constants were calculated using the following formulas from Reference 3. 
 
a) For a rectangular foundation    b) For circular foundation 
 
 
  
 
 
 
 
  
 
 
 
  
 
 
Where Kφ is the rocking soil spring constant, Kx is the horizontal soil spring constant, and Kz is  

the vertical soil spring constant  
 G = shear modulus of soil 
 μ = Poisson's ratio of soil  
 B = width of rectangular foundation 
 L = length of rectangular foundation  
 H = depth of foundation 
 r = radius of circular foundation 
 and βφ, βx, βz  site constants dependent on B/L ratio 
 
From laboratory soil testing and analyses (see Section 2.5.4.4) the proper Young's modulus used  
for the calculation of soil spring constants for all seismic Class I structures was determined as 
follows: 
 
Reactor Building  E=40,000 psi 
Reactor Auxiliary Building E=40,000 psi 
Fuel Handling Building  E=35,000 psi 
Diesel Generator Building E=30,000 psi 
Intake Structure   E=40,000 psi 
 
For all above cases, the Poisson's ratio (μ) for soil is 0.25.  
 
As discussed in Section 2.5.4.4 (b), Poisson's ratio varies with strain. For the early stages of a 
first   
loading of a dense sand, when intermediate strain levels are developed and particle 
rearrangements are important, "μ" typically has values of about 0.25 as selected above and is  
consistent with the anticipated building strains of 10-3 to 10-4 in/in. 
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Preliminary analysis of the reactor building was performed using a range of soil moduli of 10,000 
to 250,000 psi. This range became unrealistic for piping system design and therefore the 
additional laboratory testing described in Section 2.5.4.4 was conducted to more closely define 
the soils modulus. The values obtained from this additional testing were used in the final design 
of Class I structures. 
 
In the actual analysis, in order to include any uncertainties of the selected soil modulus on the 
structural responses, a range of soil moduli within ±20 percent of the selection values were used. 
 
Table 3.7-1A provides a tabulation of all soil-supported seismic Class I structures and the depth 
of each of the various soil layers to the bottom of the excavation line at elevation -60 ft. 
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The effects of soil-structure interaction for all seismic Class I structures are considered in the 
seismic analysis by means of providing equivalent foundation and translational springs based on 
the theory of rigid plates on elastic half space. To include the effects of any uncertainties of 
foundation soil engineering properties, a parametric study is made to vary soil properties by ±20 
percent. The maximum responses resulting from the parametric study are used for the actual 
design. 
 
The appropriateness of the methods used in calculating soil-structure interaction are based on 
the following: 
 
a) Soil properties, such as shear modulus and Poisson's ratio were determined both from 

laboratory and field tests. The shear modulus versus strain relationship is established as 
shown in Figure 2.5-32.  

 
b) The shear modulus used for the calculation of equivalent foundation spring constants is 

consistent with the anticipated soil strain during a DBE. Section 2.5.4.4 addresses the  
procedures used in determining the anticipated soil strain levels during earthquakes.  

 
c) The maximum building embedment depth from plant grade is approximately 43 ft for the 

reactor building. The embedment is approximately 25 percent of the reactor building 
diameter and less than 20 percent of the total building height. In general this type of 
embedment could be neglected in soil-structure interaction calculations without a 
significant effect on the structural responses when using the concept of a rigid body 
resting on an elastic half space. However, in the actual calculation, the shallow 
embedment effects are included by providing a side spring at approximately the middle of 
the embedment. 

 
d) To verify that the model selected and method used for the soil-structure interaction 

effects is appropriate, a set of calculations were made using different values for the side 
spring constant. The insignificant differences obtained by varying the spring constant 
indicates  that the reactor building embedment has very little effect on the overall 
structural response. Refer to Table 3.7-1B. 
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3.7.2   SEISMIC SYSTEM ANALYSIS 
 
This section includes discussion of seismic analysis of all seismic Class I structures. Seismic 
analysis of seismic Class I piping system including reactor coolant system is discussed in Section 
3.7.3. 
 
3.7.2.1  Method of Analysis 
 
3.7.2.1.1  Mathematical Models 
 
For the seismic analysis of all Class I structures, conventional lumped mass mathematical models 
were selected to represent each structure. In this model, the structure is represented by a 
cantilever beam with masses lumped at selected elevations simulating floor weights, walls, 
columns and major equipment. The cantilever beam connecting those lumped masses is 
assumed weightless and elastic representing the stiffness of walls or columns between the 
lumped mass points. The foundation mat supporting the cantilever beam is considered as a rigid 
body and is supported by rotational and translational springs simulating soil-structure interaction. 
 
For the seismic analysis in the vertical direction, mathematical models were developed using 
similar lumped mass principles. However, since the major interest in this case is focused at the 
middle of a floor bay or at column floor junctures, appendages representing floor bay behavior are 
added to the cantilever beam resulting in a more complex model. 
 
Equivalent soil springs as described in Section 3.7.1.5 and critical damping values as described 
in Section 3.7.1.3 were used in the analysis. Details of the mathematical models used for the 
various seismic Class I structures are discussed below: 
 
a) Reactor Building 
 
For structural responses in the horizontal direction, the mathematical model consists of three 
independent cantilever beams representing the steel containment vessel, shield building and 
internal structure respectively. Masses are lumped at ten selected locations for the steel 
containment and the shield structure and are lumped at four locations for the internal structure. 
These three cantilever beams are supported by the rigid foundation mat approximately 43.5 feet 
in depth. Rotational and translational springs are connected to the mat simulating soil-structure 
interactions. This model is shown in Figure 3.7-5. Table 3.7-1 describes mass and stiffness 
characteristics of this model. 
 
For structural responses in the vertical direction, the model consists of three cantilever beams. 
Five mass points are used to represent both the steel containment vessel and the shield building 
since in the vertical case, less variation of the structural responses is anticipated. For the internal 
structure, four mass points are used. This model is shown on Figure 3.7-6.  Table 3.7-2 describes 
mass and stiffness characteristics of this model. 
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b)  Reactor Auxiliary Building 
 
For structural responses in horizontal directions, two mathematical models were used 
corresponding to the N-S (long) and the E-W (short) direction, of the building. Each model 
consists of a single cantilever beam with four lumped masses. The cantilever beam is supported 
on the rigid foundation mat which in turn is supported by rotational and translational springs 
simulating the soil-structure interaction. The model is shown in Figure 3.7-7. Table 3.7-3 
describes the mass and stiffness characteristics of these two models. 
 
For structural responses in the vertical direction, the complexity of the building makes it 
impossible to model the whole structure into a reasonable simple lumped mass mathematical 
model. It was decided that the coupled motion between adjacent floor bays, which is anticipated 
to be small, be neglected in the model thus allowing establishment of a relatively simple model 
and yet sufficient to yield reasonable results. This model as shown in Figure 3.7-8 consists of a 
single cantilever beam which actually represents the total stiffness of all vertical structural 
elements of the building. At four different floor elevations, appendages representing the behavior 
of floor bays were attached to the cantilever beam which is supported by the rigid foundation mat. 
The foundation mat is supported by vertical soil springs simulating soil-structure interaction. 
Table 3.7-4 describes the mass and stiffness characteristics of this model. 
 
c)  Fuel Handling Building 
 
For structural responses in horizontal directions, two models were used corresponding to the N-S 
(long) and the E-W (short) directions of the building. Each model consists of a cantilever beam 
with three lumped masses. The cantilever beam is supported by the rigid foundation mat which in 
turn is supported by rotational and translational springs simulating soil structure interactions. The 
model is shown in Figure 3.7-9. Table 3.7-5 describes the mass and stiffness characteristics of 
these two models. 
 
d)  Intake Structure 
 
For structural responses in the horizontal directions, two mathematical models were used 
corresponding to each direction of the structure. The model consists of a cantilever beam with 
masses lumped at three selected places. Since the intake structure is essentially buried 
underground, a lateral spring is used at each lumped mass to simulate the interactions. The 
cantilever beam is supported on the rigid foundation mat which in turn is supported by rotational 
and translational springs simulating soil structure interactions. The model is shown in Figure 3.7-
10. Table 3.7-6 describes the mass and stiffness characteristics of this model. 
 
For structural responses in the vertical direction, the mathematical model consists of a cantilever 
beam with three lumped mass points. One appendage is attached to the top most lumped mass 
representing the behavior of the top deck of the intake structure. The cantilever beam is 
supported on the rigid foundation mat which in turn is supported by 
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the vertical soil spring simulating soil-structure interactions. The model is shown in Figure 3.7-10. 
Table 3.7-6 describes the mass and stiffness characteristics of this model. 
 
e)  Diesel Generator Building 
 
For structural responses in the horizontal directions, two mathematical models were used 
corresponding to each direction of the building. The model as shown in Figure 3.7-11 consists of 
three cantilever beams; one representing the structure and two representing the diesel 
generators and their foundations. All three cantilever beams are supported on the foundation mat 
which in turn is supported by rotational and translational springs simulating soil-structure 
interaction. Table 3.7-7 describes the mass and stiffness characteristics of the horizontal model. 
 
For responses in the vertical direction, the model consists of three cantilever beams with one 
appendage attached to the top most mass of the cantilever beam No. 1 to represent the behavior 
of the roof of the building. This model is shown in Figure 3.7-11.' Table 3.7-7 describes the mass 
and stiffness characteristics of this model. 
 
3.7.2.1.2  Equations of Motion 
 
Once the mathematical model is established, the motion of each lumped mass under any 
external excitation may be written in the matrix form as follows: 
 
[ ] { } [ ]{ } { }FKM =Δ+Δ&&                                                                                                        (1) 
 
 
Where:     [ ] =M   Square mass matrix 
      
     [ ] =K    Square matrix of stiffness coefficients including the shear and bending           
                                 deformations 
 
                 { }Δ&&     =    Column matrix of acceleration vectors 
 
                 { }Δ     =     Column matrix of lateral displacement and joint rotation vectors 
 
     { }F     =      Column matrix of external load vectors 
 
The stiffness matrix [ ]K  is formulated by computing the stiffness coefficients for each joint of the 
original structure and assembling them in the proper sequence to form the complete square 
matrix. In the computation of the stiffness matrix, it is assumed that all joints at the same level 
have the same displacements (i.e., translations and rotations). 
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In the above equations of motion, the damping terms are left out intentionally. This is due to the 
fact that the damped natural frequency is almost the same as the undamped natural frequency 
for the system with reasonable structural damping factors (for 10 percent critical damping, d = 
0.995). 
 
3.7.2.1.3  Natural Frequency and Mode Shapes 
 
In calculating the natural frequencies and the mode shapes, the external load matrix in eq (1) is 
set to zero, the displacement vector{ }Δ is assumed to take the form of simple harmonic motion, 
or 
 
 { } { } tωφ Sin=Δ                 (2) 
 
Where  { }φ  =  Relative amplitude of mode shape vector 
 
   ω   =  Natural frequency of vibration. 
 
After substituting and simplifying, the equations of motion are reduced to the following form: 
 

 [ ] [ ] { } { }φ
ω

φ 2
1 1

=− MK               (3) 

Solution to this eigenvalue problem exists only for particular values of ω which correspond to the 
natural frequencies of vibration of the structure. Eq (3) is solved by iteration techniques to obtain 
values of w and their corresponding mode shape vectors { }φ . 
 
3.7.2.1.4  Modal Analysis 
 
After all natural frequencies and their mode shapes are determined, the method of modal 
analysis is employed to calculate the structural responses. This method actually simplifies the 
analysis of a multidegree of freedom system to the analysis of several equivalent single degree 
systems, one corresponding to each normal mode. The governing equation of motion is shown in 
the following: 
 
 
 
                                                                                                                                               (4) 
 
 
 
 
in which 
 
 An = Displacement of any one arbitrarily selected mass 

        (Usually the topmost mass) of the nth mode 
 
 Bn = Damping coefficient = λn ωn 
 
 λn = Percentage of critical damping of the nth mode 
 
 ωn = Natural frequency of the nth mode 
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 soΥ&&  =          Maximum ground acceleration 
 
 f a (t)     =          Time function of ground motion 
 
 Mx = Mass at the xth level 
 
 φxn = Normalized displacement of the mass. Mx of the nth mode 
 
If the two summations on the right-hand side of the eq (4) are denoted by Pn, which is defined as 
the modal participation factor of the nth mode, then 

(t)fYP2 asonnnnnn
&&&&& −=Α+Α+Α ωB       (5) 

Since the values of Bn, ωn and Pn are already known for each normal mode, eqs (5) which are 
actually "n" independent equations, can be solved separately and their solutions are: 
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The maximum values of eq. (6) are: 
 
 
           (7) 
 
 
 
                 M 
 
Since    Yxn (t)  =  φxn An (t), therefore 
 
 
 
 
 
 
                            M 
    
         =  - Pn  φxn  Sdn        (8) 
 
where Sdn indicates the quality in the bracket. Finally the total displacement is the summation of 
the displacement of each normal mode, that is: 
 
           (9) 
 
Eq (9) gives the upper limit of the displacements of any mass. However, as we can reasonably 
assume that all the maximum displacements of all normal modes do not necessarily occur at the 
same time, therefore, for the purpose of design, the root-mean square-method is adopted from 
the statistical point of view, thus: 
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3.7.2.1.5  Structural Responses 
                                   .. 
Knowing the function Yso fa (t), or the record of the design earthquake, the value of Sd can be 
calculated and plotted into a curve using the natural period of vibration as abscissa and the 
maximum displacement as the ordinate. This curve is known as the displacement response 
spectrum. To construct the velocity response spectrum, it is found that the spectral displacement 
Sd is directly related to the spectral velocity Sv by the natural frequency ω, or Sv = ωSd. Similarly, 
the spectral acceleration Sa = ωSv = ω2Sd. In the design of the structure the response spectra 
employed were the spectra given in Section 3.7.1.1. The structural responses are then calculated 
through the,following operations. 
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   Δxn     =   [K] -1  (Fxn) 
 
 
Where   Mn*  = Effective mass in nth mode 
 
  Mx = Mass. concentrated at xth level 
 
  φxn = Normalized displacement of M x in the nth mode 
 
  Vn = Base shear in nth mode 
 
  Δxn = Deflection of the xth level in nth mode 
 
  Fxn = Inertia force at the xth level in nth mode 
 
  Svn = Spectra velocity in nth mode 
 
   ωn = Natural frequency of nth mode 
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The modal response values for each mode computed above are combined by the root-mean-
square-method to determine the total responses of the 
structure, thus 
 

  ∑
=

=
N

n
xnx FF

1

2/12 )()(       (11) 

 

  ∑
=

Δ=Δ
N

n
xnx

1

2/12 )()(       (12) 

        
         
3.7.2.1.6  Analysis Procedures for Composite Damping 
 
The procedure used to calculate the composite damping ratio for the natural modes of a structure 
having composite materials or a substructure with different damping ratios is as follows: 
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where: 
 
 Dn = percentage of the critical damping ratio for the nth mode 
 
 di = percentage of the material damping ratio for the ith structural component 
 
 Sni = strain energy of the i th structural component in the nth mode 
  
 Sn = total strain energy of the structure in the n th mode 
  
 m = number of structural components 
 
The composite damping ratio as calculated by the above expression is based on the method of 
strain energy proportioning. 
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3.7.2.2   Vertical Analysis 
 
A multi-mass dynamic analysis procedure was used for the vertical response loading for the 
seismic design of buildings and floors. The methods of analysis used for the vertical dynamic 
analysis are the same as those described in Section 3.7.2.1. 
 
The equivalent vertical static loads are combined with the vertical dead and live loads and other 
factored loads as discussed in Section 3.8 for the design of the structural markers affected. 
 
3.7.2.3   Torsional Modes of Vibration 
 
A static factor has been employed for torsional modes of vibration in the seismic analysis of 
seismic Class I structures. Design calculations for the torsional stress in the exterior walls of the 
buildings based on uniform building code indicates that the structure is designed adequately for 
torsional loading. Additional substantial torsion resisting capacity is inherent in the structures due 
to interior reinforced concrete walls. Hence use of a static factor for torsional modes of vibration 
in the seismic analysis of the buildings in lieu of a combined vertical, horizontal and torsional 
multimass system dynamic analysis is considered to be adequate. 
 
3.7.2.4   Comparison of Modal Analysis and Time History Methods 
 
In order to provide a check on the seismic analysis of Class I structures, an analysis of the 
reactor auxiliary building using both the modal analysis response spectra method and time 
history method was conducted. Table 3.7-8 gives the response at selected points within the 
reactor auxiliary building for both these methods. As can be seen, the response spectra method 
results in higher responses at certain points for a DBE in the N-S direction, while the time history 
method gives higher responses for the E-W direction. 
 
3.7.2.5   Overturning Moments 
 
The horizontal seismic response loads acting at their corresponding mass point elevations, 
determined from the dynamic analysis described in Section 3.7.2.1, are used in computing the 
overturning moments about the base of the structure. 
 
Vertical earthquake effects are considered by deducting from the dead load righting moments the 
vertical response loads determined by the vertical dynamic analysis. Buoyancy, where it is 
present, is also considered in the summation of moments. 
 
Where structures are embedded in soil strata, resisting soil pressures acting as righting moments 
are not included in the net overturning moment. However, where dynamic effects of soil strata 
contribute to overturning moments these horizontal loads are considered by including this 
additional overturning in the final summation. The resulting 
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soil reactions, with the appropriate combination of vertical response loads added to give the 
maximum effects, are compared against the allowable dynamic soil pressures to assure 
compliance to the criteria. 
 
3.7.2.6   Results of Analyses 
 
Five analyses were made for all seismic Class I structures both in the horizontal and in the 
vertical directions. Each analysis was made using one particular set of soil springs calculated 
from one particular soil modulus. Other properties of the structure were kept the same for all five 
analyses. The design concrete strength for the reactor building was 4000 psi. The concrete 
Young's modulus was 481,500 ksf. For all other structures the design concrete strength was 
3000 psi and Young's modulus was 422,000 ksf. A Poisson's ratio of 0.17 was used for all 
structures. The structural responses and  
natural periods of vibration for all seismic Class I structures are presented in Tables 3.7-9 
through 3.7-21. 
 
3.7.2.7  Computer Programs Utilized for Structural and Seismic Analyses 
 
3.7.2.7.1  Description 
 
The following computer programs have been used in structural and seismic analyses to 
determine stresses and deformations of seismic Class I structures. A brief description of each 
program and the extent of its use are given below: 
 
a)  SHELLS Program 
 
This program uses techniques of finite difference method to determine stresses and deformations 
of a shell structure in the form of a surface of revolution about an axis. Loadings on the structure 
can be either axial, symmetrical or arbitrary. Arbitrary loads are handled by Fourier expansion 
techniques. The SHELLS program was used to perform static and thermal stress analysis of the 
dome and cylinder portion of the reinforced concrete shield building structure. 
 
b)  SOLIDS II Program 
 
The SOLIDS II program utilizes a finite element method as applied to solids with an axis of 
structural symmetry and subjected to Fourier expansions of thermal, body force and surface 
traction loadings. This program was used to perform stress analysis of the dish shape foundation 
mat of the shield building structure. 
 
c)  SAMIS Program 
 
The SAMIS program employs the finite element stiffness method using both beam and plate-type  
elements to solve general structural problems. This program was used to perform stress 
analyses for both the reactor building internal structure and the shield building structure in the 
areas of large openings. 
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d)  FROA-2034 Program 
 
This program handles the dynamic analysis of lump-mass-spring type models. It provides results 
of natural periods of vibration; mode shapes, participation factors and structural responses. Both 
methods of time history and response spectrum calculation can be specified. This program was 
used for all seismic analyses of seismic Class I structures. 
 
e)  SHAKE-2034 Program 
 
This program calculates maximum response of a single degree of freedom system subjected to 
base time motions. By specifying frequency and damping values, a family of spectra curves are 
provided by the program. This program was used to calculate all floor response spectra curves. 
 
f)  RFRM-117 Program 
 
This program analyzes a two dimensional single or multi-story frame under vertical or horizontal 
loads. This is accomplished by using a stiffness matrix approach with a Gaussian elimination 
method. This program was used for frame analysis of all seismic Class I structures. 
 
g)  EBS/NASTRAN 
 
EBS/NASTRAN is an enhanced NASTRAN program developed by EBASCO which has the ability 
to perform concrete cracking analysis. This feature incorporates a special plate element which 
consists of a user specified number of layers, each having a different proportion of steel to 
concrete area, representing the presence of reinforcing steel. Each layer will crack or re-close 
according to the stress-strain relationships of the concrete and steel. Thus a cracking pattern and 
stress redistribution can be determined. This program was used to analyze the spent fuel pool 
structure for increased load, seismic and thermal loads resulting from the 1987/1988 spent fuel 
rack replacement. 
 
h)  POSBUKF 
 
POSBUKF is a program developed by EBASCO to examine the elastic post-buckling behavior of 
a  flat plate subjected to thermal and lateral loading using an energy method approach. The 
program determines the deflected shape of a buckled plate by minimization of potential energy, 
and from this calculates plate stresses utilizing strain-displacement and stress-strain relationships 
for the particular case under study. 
 
This program was used for the spent fuel pool liner buckling analysis for increased thermal and 
strain induced loads resulting from the 1987/1988 spent fuel rack replacement. 
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3.7.2.7.2  Program Applicability and Validity 
 
The SHELLS, SOLIDS II, and SAMIS programs are structural analysis computer programs 
originally developed for the aerospace industry and later modified to suit general applications. At 
the time when structural analyses for St. Lucie Unit 1 were performed, these programs were the 
properties of the Service Bureau Corporation, a subsidiary of IBM. The dependability of these 
programs have long been established through the wide use by many industries. These programs 
were written in FORTRAN language and operated on an IBM 360/65 machine. 
 
The FROA and SHAKE programs were developed by EBASCO for the purpose of performing 
seismic analysis of structures. These programs were written using ALGOL language and 
operated on a Burrough 6600 machine. A comparison between the results of FROA and the 
STARDYNE program is shown in Table 3.7-21A. STARDYNE is a well known and proven 
computer program existing in the public domain. No comparison effect is made for the SHAKE 
program since the logic used in SHAKE is a part of the FROA program. 
 
The RFRM program is also an EBASCO program written in FORTRAN language and operated 
on a Burrough 6600 machine. Due to the relatively simple nature of the program, comparison of 
results were made by solving several sample problems whose answers were already known. The 
minor differences as shown were from the secondary effect of column shortening which is 
considered by the RFRM program. 
 
As discussed above, the SHELLS, SOLIDS II and SAMIS programs are proven programs existing 
in the public domain and therefore no comparison of results with other programs is presented. 
For  
EBASCO programs, FROA and RFRM, several comparisons were made and are presented in 
Tables 3.7-21A and 3.7-21B. 
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3.7.3   SEISMIC SUBSYSTEM ANALYSIS  
 
3.7.3.1   Seismic Input Data 
 
The procedure used to account for the number of earthquake cycles during one seismic event 
includes consideration of the number of significant motion peaks expected to occur during the 
event. The number of significant motion peaks during one seismic event would be expected to be 
equivalent in severity to no more than 40 full load cycles about a mean value of zero and with an 
amplitude equal to the maximum response produced during the entire event. Based upon this 
consideration and the assumption that seismic events equivalent to five Operating Bases 
Earthquakes will occur during the life of the plant, Category I systems, components and 
equipment are designed for a total of 200 full load cycles. 
 
The analysis used to establish loadings for seismic design of components and equipment 
depends upon the complexity of the structural model required to define the dynamic response. In 
each case, the structural (or mathematical) model used will provide sufficient detail to reflect the 
contribution of all significant dynamic modes of response- under seismic excitation. 
 
For seismic analysis of seismic Class I equipment and piping systems, building floor response 
spectra were developed using synthetic earthquake time history records as described in Section 
3.7.1. The time history records were developed using a 20 second duration of earthquake motion. 
The floor response spectra are shown on Figure 3.7-12 through 3.7-24. Generally the floor 
response spectra exhibit two major peaks corresponding to the first and second modes of 
vibration. To preclude a resonant condition at these peak accelerations, the design period of 
vibration of piping systems has been limited to no more than 70 percent of the second mode 
period of vibration which is the lowest peak shown on the spectra. 
 
3.7.3.2  Seismic Analysis - Reactor Coolant System  
 
3.7.3.2.1  General 
 
The seismic analysis of the reactor coolant system components was performed using normal 
mode theory in conjunction with time history and response spectrum techniques, as appropriate. 
 
Time history techniques were employed in the analysis of the reactor vessel, the two steam 
generators, the four reactor coolant pumps and the interconnecting reactor coolant piping. In the 
analysis of these components, a single composite mathematical model, which included integral 
representations of each of the components and connecting piping, was employed to account for 
the  
interacting effects of dynamic coupling. The analysis of these dynamically coupled multi-
supported components utilized different time dependent input excitations applied simultaneously 
to each support. 
 
 
 
 
 
 
 
 
 
 
 
 3.7-18   Amendment 15, (1/97) 



 

 

The analyses of the pressurizer and the surge line piping employed separate, uncoupled, 
mathematical models and utilized response spectrum techniques. 
 
The input data, time histories and response spectra, applied in the analyses were provided by the 
analysis of the reactor building and internal support structure described in Section 3.7.2. 
 
In all cases except the surge line piping, a damping factor of 1 percent of critical damping was 
used for each mode. In the analysis of the surge line piping, a damping factor of 0.5 percent of 
critical damping was used for each mode. 
 
3.7.3.2.2  Mathematical Models 
 
In the descriptions of the mathematical models which follow, the spatial orientations are defined 
by the set of orthogonal axies where Y is in the vertical direction, and X and Z are in the 
horizontal plane, in the directions indicated on the appropriate figure. The mathematical 
representation of the section properties of the structural elements employs a 12 x 12 stiffness 
matrix for the three dimensional space frame models, and employs a 6 x 6 stiffness matrix for the 
two dimensional plane frame model. Elbows in piping runs include the in-plane/out-of-plane 
bending flexibility factors as specified in the USAS B31.7 piping code. 
 
a)  Reactor Coolant System - Coupled Components 
 
A schematic diagram of the composite mathematical model used in the analyses of the 
dynamically coupled components of the reactor coolant system is presented in Figure 3.7-25. 
This model includes 19 mass points with a total of 47 dynamic degrees of freedom. The mass 
points and corresponding dynamic degrees of freedom are distributed to provide appropriate 
representations of the dynamic characteristics of the components, as follows: the reactor vessel, 
with internals, is represented by 5 mass points with a total of 13 dynamic degrees of freedom; 
each of the two steam generators are represented by 3 mass points with a total of 7 dynamic 
degrees of freedom; and each of the four  
reactor coolant pumps are represented by 2 mass points with a total of 5 dynamic degrees of 
freedom. The relatively small mass of the interconnecting reactor coolant piping is lumped 
proportionately with the masses of the adjoining components. 
 
This mathematical model provides a complete three dimensional representation of the dynamic 
response of the coupled components to seismic excitations in both the horizontal and vertical 
directions. The mass is distributed at the selected mass points and corresponding translational 
degrees of freedom are retained to include rotary inertial effects of the components. The total 
mass of the entire coupled system is dynamically active in each of the three coordinate 
directions. 
 
In addition to the model described above, a second model of the coupled components was 
formulated to incorporate a more detailed representation 
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of the reactor vessel assembly.  With the exception of the representation of the reactor vessel 
assembly, the second model is identical to that shown in Figure 3.7-25. A schematic diagram of 
the representation of the reactor vessel assembly incorporated into the second model is 
presented in Figure 3.7-26. This more detailed representation consists of 15 mass points with a 
total of 33 dynamic degrees of freedom and includes a 10 mass point, 22 dynamic degrees of 
freedom representation of the reactor vessel internals. 
 
The representation of the reactor vessel internals was formulated in conjunction with the analysis 
of the reactor vessel internals discussed in Section 3.7.3.3 and was designed to simulate the 
dynamic characteristics of the models used in that analysis.  The second model was used to 
generate time histories of absolute accelerations at the reactor vessel flange used as forcing 
functions in the analysis of the reactor vessel internals. 
 
b) Pressurizer 
 
The mathematical model employed in the analysis of the original pressurizer is shown 
schematically in Figure 3.7-28a. This lumped parameter, planer model provides a multi-mass 
representation of the axially symmetric pressurizer and includes 5 mass points with a total of 
6 dynamic degrees of freedom. 
 
The mathematical model employed in the analysis of the replacement pressurizer is shown 
schematically in Figure 3.7-28b.  This distributed mass, 3-D model provides a representation of 
the axially symmetric replacement pressurizer, which is fixed at the base.  The replacement 
pressurizer structural model incorporates 3 representative heaters and their support system.  
The model includes 26 separate node points with a total of 150 degrees of freedom. 
 
c) Surge Line 
 
The lumped parameter, multi-mass mathematical model employed in the analysis of the surge  
line is shown schematically in Figure 3.7-27. The surge line is modeled as a three dimensional  
piping run with end points anchored at the attachments to the pressurizer and the reactor vessel 
outlet piping.  In the definition of the mathematical model, 9 mass points with a total of 27 
dynamic degrees of freedom were selected to provide a complete three dimensional 
representation of the dynamic response of the surge line.  All supports and restraints defined for 
the surge line assembly are included in the mathematical model.  The total mass of the surge line 
is dynamically active in each of the three coordinate directions. 
 
3.7.3.2.3 Calculations 
 
a) General 
 
As applied in the analysis, the simultaneous equations of motion for linear structural systems with 
viscous damping can be written, Reference 4: 
 

  M
⋅⋅

Χ  + C
⋅

Χ  + KX = M
⋅⋅

Υ  - KmsXs 
where: 
 
  M = diagonal matrix of lumped masses. 
 
  C = square symmetric damping matrix. 
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   K  = square symmetric stiffness matrix  
    which defines the mass point  
    force-displacement relationship. 
 

   
⋅⋅

Υ    = column matrix with elements equal  
    to the absolute acceleration of  
    the datum support in the coordinate  
    direction of the related dynamic  
    degree of freedom of the structural  
    system. 
 
             msΚ  = rectangular matrix of stiffness  
    coefficients which defines the  
    mass point force, non-datum support  
    displacement relationship. 
 
   Xs   = column matrix of displacements  
    relative to the datum at non-datum  
    supports. 
 
   X    = column matrix of mass point displace- 
    ments relative to the datum. 
 

              
⋅

Χ   = column matrix of mass point velocities  
    relative to the datum. 

              
⋅⋅

Χ  = column matrix of mass point acceler- 
    ations relative to the datum. 
 
In this form, the equations define the dynamic response of a multimass structural system 
subjected to time-dependent support motion.  In the analysis of systems with multiple supports, 
such as the coupled components of the reactor coolant system, the equations provide for 
different time-dependent input motions at each of the supports.  In this case, one of the supports 
of the system is designated the reference, or datum, from which the motions of all other points of 
the structural system are measured.  The reactor vessel support was designated as the datum in 
the analyses of the coupled components of the reactor coolant system. 
 
Normal mode theory, as described in References 4 and 5, was employed to reduce the equations 
of motion to a system of independent equations in terms of the normal modes for the time-history 
and spectrum analyses of the reactor coolant system components.  In the analyses, the dynamic 
response of the components was determined for seismic input excitations in each of the three 
orthogonal global coordinate directions: X (horizontal), Y (vertical) and Z (horizontal).  The 
dynamic responses to vertical seismic excitation were found for both the case of initial support 
displacement upward and the case of initial support displacement downward.  These responses 
were combined to determine the most severe combinations produced by the effects of seismic 
excitations in each of the horizontal directions applied simultaneously with either seismic 
excitation in the vertical direction. 
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b) Frequency Analysis 
 
An eigenvalue analysis was performed utilizing the ICES STRUDL II computer code, 
Reference 6, for the original pressurizer and with BWSPAN, Reference 15, for the replacement 
pressurizer to calculate the mode shapes and natural frequencies of the composite mathematical 
models.  Modifications to the standard ICES STRUDL II program have been implemented by 
Combustion Engineering to include a double precision Jacobi diagonalization procedure in the 
eigenvalue analysis and to provide appropriate influence coefficients and stiffness matrices for 
use in the response and reaction calculations. 
 
The natural frequencies and dominant degrees of freedom calculated are shown in Table 3.7-22 
for all modes used in the analysis of the reactor coolant system surge line and the original 
pressurizer. 
 
c) Mass Point Response Analysis 
 
The time-history mass point responses to seismic excitation were computed using TMCALC; a 
C-E code.  This code performs a numerical integration of the equations of motion for singly or 
multiply supported dynamic systems utilizing normal mode theory, Reference 5, and Newmark's 
BetaMethod with Beta equal to 1/6, Reference 7. For the multiply supported systems, the 
separate time-histories of each support were imposed on the system simultaneously.  The results 
are time-history responses of the mass points.  The analysis of the reactor coolant system 
utilized modal data for all frequencies through 50 cps. 
 
The mass point responses resulting from the spectrum analysis were found utilizing SHAKE, a C-
E computer code.  This code performs a normal mode response spectrum analysis resulting in 
the modal inertial loads at each mass point.  The mass point responses of the pressurizer were 
found using the response spectrum for the pressurizer support.  The mass point responses of the 
surge line were found using an envelope of the support spectra of the interconnected 
components. 
 
d) Seismic Reaction Analysis 
 
The dynamically induced loads at all system design points due to the time history support 
excitations and mass point responses were calculated utilizing FORCE, a C-E computer code.  
This code performs a complete loads analysis of the deformed structure at each incremental time 
step by computing internal and external system reactions (forces and moments) by superposition 
of the reactions due to the mass point displacements and the non-datum support displacements 
as follows: 
 
  R(t) = Cm Xm (t) + CsXs (t) 
 
where: 
 
  R(t) = the matrix of all components of the 
            reactions at the system design points 
 
  Cm  = the matrix of mass point displacement 
            influence coefficients 
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  Xm(t) = the column matrix of time story mass 
   point displacements relative to the datum 
   at each time step 
 
  Cs    = the matrix of support displacement influence 
   coefficients 
 
  Xs(t) = the column matrix of time history support 
   displacements relative to the datum at 
   non-datum supports at each time step 
 
The support and mass point displacements due to horizontal and vertical seismic are added 
algebraically at each time step.  The maximum component forces of each reaction for the entire 
time domain, and its associated time of occurrence, are selected. 
 
The square root of the sum of the squares method is the procedure normally used to combine the 
modal responses when the modal analysis response spectrum method of analysis is employed.  
The procedure is modified only in two cases: 
 
a) In the analysis of simple systems where three or less dynamic degrees-of-freedom are 

involved, the modal responses are combined by the summation of the absolute values 
method. 

 
b) In the analysis of complex systems where closely spaced modal frequencies are 

encountered, the responses of the closely spaced modes are combined by the 
summation of the absolute values method and, in turn, combined with the responses of 
the remaining significant modes by the square root of the sum of the squares method.  
Modal frequencies are considered closely spaced when their difference is less than + 10 
percent of the lower frequency. 

 
The maximum reactions for the original pressurizer, replacement pressurizer and surge line 
resulting from the response, spectrum analysis were found by applying the modal inertial loads 
for each mode, to the structural model.  This was done using the ICES STRUDL II computer code 
for the original pressurizer and surge line and using the BWSPAN computer code for the 
replacement pressurizer.  The design point reactions due to each modal loading were 
conservatively combined by summing the absolute values of the modal reactions.  The surge line 
analysis included consideration of the relative end displacements.  The reactions found by 
statically imposing the maximum relative displacements of the two ends of the surge line were 
conservatively included by absolute summation with the inertial response from the spectrum 
analysis. 
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3.7.3.2.4 Results 
 
The demonstration of design adequacy is made by a comparison of the loads specified in the 
component equipment specifications with those determined through dynamic seismic analysis.  
The margins between the specified loads and the loads determined by dynamic analysis 
demonstrate margin between the stresses that would result from seismic loading and the 
stresses that have been proven to be acceptable through the design stress reports. 
 
The reactions (forces and moments) at all design points in the system, obtained from the 
dynamic seismic analysis, were compared with the seismic loads in each component design 
specification.  The results of this comparison are summarized in Table 3.7-23 for the points of 
maximum calculated load. 
 
The maximum seismic loads calculated by the time history techniques are the result of a search 
and comparison over the entire time domain of each individual component of load due to the 
simultaneous application of the horizontal and either vertical excitation.  The maximum calculated 
components of load shown in Table 3.7-23 for each design location, in general, occur neither at 
the same time nor for the same combination of horizontal and vertical excitation, and therefore 
result in a conservative case. 
 
All original calculated maximum loads of Table 3.7-23 have been conservatively increased and  
evaluated to account for the increase in mass and center of gravity of the replacement steam  
generator.  The increased loads, RSG Maximum, remained below the specified design loads.  
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The maximum seismic loads calculated by the response spectrum techniques are the result of 
combining the modal reactions due to the horizontal and the vertical excitation on an absolute 
sum-basis. 
 
The results shown are for the Operational Basis Earthquake.  For determination of results due to 
the Design Basis Earthquake, both the calculated results and specification values are multiplied 
by a factor of 2.0. 
 
It is concluded that the seismic loadings specified for the design of the reactor coolant system 
components and supports are adequate for the Operational Basis Earthquake and the Design 
Basis Earthquake conditions.  All seismic loads calculated by the dynamic seismic analysis are 
less than the corresponding loads in the component design specification. 
 
3.7.3.3  Seismic Analysis - Reactor Internals and Core 
 
3.7.3.3.1 Introduction 
 
Dynamic analyses of the reactor vessel internals and core were conducted to determine their 
response to horizontal and vertical seismic excitation and to verify the adequacy of their seismic 
design.  All reactor internals are classified as Category I for seismic design purposes.  The 
dynamic seismic analysis of the internals and core included the use of modal analyses 
techniques utilizing both response spectra and time-history accelerograms for linear conditions, 
and step-by-step integration of the equations of motion for nonlinear impact conditions such as 
exists when the gaps between components close.  These analyses were conducted in 
conjunction with the analyses of the reactor coolant system as discussed in 3.7.3.2.  The 
following sections provide a description of the mathematical models and analytical procedures 
used for the internals and core, and the applicable stress and deformation criteria.  Analysis and 
testing of the control rod drive system under the influence of seismic excitation is discussed in 
Section 4.2.3. 
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3.7.3.3.2 Seismic Load, Stress and Deformation Criteria 
 
a) General 
 
The seismic loads on the reactor internals and core are combined with normal operating loads 
and postulated accident loads for the plant conditions categorized as upset, emergency and 
faulted. 
 
  1) Upset Conditions 
 
During upset conditions, the reactor internals and core are required to perform their function 
without shutdown.  The loads from the OBE are combined with the normal operating loads. 
 
  2) Emergency Conditions 
 
Under emergency conditions, some local yielding of the reactor internals and core is allowed 
when subjected to combined normal operating and DBE loads.  A small number of fuel elements 
may be damaged. 
 
  3) Faulted Conditions 
 
The loading combination for these conditions includes the loads resulting from normal operation, 
DBE and postulated LOCA.  Permanent deformation is permitted.  Deflections are limited so that 
the core will be held in place and adequate core cooling is preserved. 
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b) Stress Limits 
 
The stress values for the reactor internals under the above conditions are not greater than those 
given in the May 1972, draft of Section III of the ASME Boiler and Pressure Vessel Code, 
Subsection NG, including Appendix F, "Rules for Evaluation of Faulted Conditions".  The stress 
limits and loading conditions for the internals and core are summarized in Table 3.7-24. 
 
For critical reactor internals components which are subjected to fatigue, the design fatigue curve 
of Figure I-9.2 of Section III of the ASME Boiler and Pressure Vessel Code and cumulative usage 
factor of less than one was utilized. 
 
c) Deformation Limits 
 
In addition, to properly perform their functions, the reactor internal structures satisfy the 
deformation limits listed below. 
 
1) Under design loadings plus operating basis earthquake forces or normal operating 

loadings plus design basis earthquake forces, deflections are limited so that the control 
element assemblies (CEA's) can function and adequate core cooling is preserved. 

 
2) Under normal operating loadings plus design basis earthquake forces plus pipe rupture 

loadings resulting from an equivalent diameter pipe break not exceeding the largest line 
connected to the main reactor coolant lines, deflections are limited so that the core is 
held in place, adequate core cooling is preserved, and all control element assemblies can 
be inserted.  Those deflections which would influence CEA movement are limited to less 
than 80% of the deflections required to prevent CEA insertion. 

 
3) Under normal operating loadings plus design basis earthquake forces plus maximum 

pipe rupture loadings resulting from the full spectrum of pipe breaks, deflections are 
limited so that the core will be held in place and adequate core cooling is preserved. 

 
Although CEA insertion is not required for a safe and orderly shutdown for breaks larger than 
equivalent diameter pipe break not exceeding the largest line connected to the main reactor 
coolant lines, calculations show that the CEA's will be insertable for large breaks except for a few 
CEA's located near the vessel outlet nozzle, which is feeding the postulated rupture. 
 
The core deformation limits and functional requirements for seismic conditions are as follows: 
 
1) Operational Basis Earthquake (OBE) 
 
a. The CEA's can be scrammed during the OBE within the  
 allowable scram time. 
 
b. No inspection of fuel or CEA's is required for continued  
 operation. 
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2) Design Basis Earthquake (DBE) 
 
a. The fuel assemblies must be capable of sustaining a DBE  
 with no loss of function with respect to safety. 
 
b. The CEA's may scram during a DBE, but not necessarily within the prescribed time. 
 
c. After a DBE, tests and inspections may be required before resuming normal operation. 
 
3) Faulted Conditions 
 
Permanent deformation of the fuel assembly is permitted during accidents (including DBE and 
LOCA) which are not expected to occur. 
 
a. If the equivalent diameter pipe break does not exceed the largest line connected to the 

main reactor coolant lines, the deformation shall be limited, permitting the CEA's to 
scram. 

 
b. For major pipe breaks, the fuel shall be held in a coolable array. 
 
3.7.3.3.3 Method of Analysis 
 
a) General 
 
The procedure used in conducting the seismic analysis of the reactor internals consisted 
basically of three steps.  The first step involved the formulation of a mathematical model.  The 
natural frequencies and mode shapes of the model were determined during the second step.  
The response of the model to the seismic excitation was determined in the third step.  In this 
analysis, the horizontal and vertical components of the seismic excitation were considered 
separately and the maximum responses added to obtain conservative results. 
 
b) Mathematical Models 
 
Equivalent multi-mass mathematical models were developed to represent the reactor internals 
and core.  The linear mathematical models of the internals were constructed in terms of lumped 
masses and elastic beam elements.  At appropriate locations within the internals and core, points 
(nodes) were chosen to lump the weights of the structure.  A sketch of the internals and core 
showing the relative node locations for the horizontal model is presented in Figure 3.7-29. 
Figures 3.7-30 and 3.7-31 show the idealized linear horizontal and vertical models.  The criteria 
for choosing the number and location of mass concentration was to provide for accurate 
representation of the dynamically significant modes of vibration of each of the internals 
components.  Between the nodes, properties were calculated for moments of inertia, cross-
section areas, effective shear areas and lengths.  Since the seismic excitation of the internals 
was input at the vessel/internals interface, only the internals and core are included in the models.  
Separate horizontal and vertical models of the internals and core were formulated to more 
efficiently 
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account for structural differences in these directions.  Consequently, the horizontal and vertical 
responses were treated as uncoupled.  Since the structural details provide for no vertical load 
transfer between the upper guide structure and core or core shroud, the vertical response of the 
upper guide structure is independent of the rest of the internals and core.  Therefore, the vertical 
model was divided into two sub-models.  Model A consists of the core support barrel, lower 
support structure, core shroud and core mass; Model B consists of the upper guide structure. 
 
The salient details of the internals and core models are discussed below: 
 
1) Hydrodynamic Effects 
 
The dynamic analysis of reactor internals presents some special problems due to their immersion 
in a confined fluid.  It has been shown both analytically and experimentally (Reference 1) that 
immersion of a body in a dense fluid medium lowers its natural frequency and significantly alters 
its vibratory response as compared to that in air.  The effect is more pronounced where the 
confining boundaries of the fluid are in close proximity to the vibrating body as is the case for the 
reactor internals.  The method of accounting for the effects of a surrounding fluid on a vibrating 
system has been to ascribe to the system additional or "hydrodynamic mass". 
 
This "hydrodynamic mass" decreases the frequencies of the system, but is not directly involved in 
the inertia force effects.  The hydrodynamic mass of an immersed system is a function of the 
dimensions of the real mass and the space between the real mass and confining boundary. 
 
Hydrodynamic mass effects for moving cylinders in a water annulus are discussed in References 
8 and 9. The results of these references were applied to the internals structures to obtain the total 
(structural plus hydrodynamic) mass matrix which was then used in the evaluation of the natural 
frequencies and mode shapes for the model. 
 
2) Fuel Assemblies 
 
For the linear horizontal model, the fuel assemblies are treated as vibrating in unison.  The 
member properties for the beam elements representing the fuel assemblies were derived from 
the results of experimental tests of the fuel assembly load deflection characteristics  
and natural frequency (Reference 10). 
 
3) Core Support Barrel Flanges 
 
To obtain accurate lateral and vertical stiffness of the upper and lower flanges finite element 
analyses of these two regions were performed.  As shown in Figure 3.7-32 for the upper flange,  
these areas were modeled with quadrilateral and triangular ring elements.  Asymmetric loads,  
equivalent to lateral shear loads and bending moments, and symmetric axial loads were applied 
and the resulting displacements calculated.  These results were then used to derive the 
equivalent member properties for the flanges. 
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4) CEA Shrouds 
 
For the horizontal model, the CEA shrouds were treated as vibrating in unison and were modeled 
as guided cantilever beams in parallel.  To account for the decreased lateral stiffness of the upper 
guide structure due to local bending of the fuel alignment plate, a short member with properties 
approximating the local bending stiffness of the fuel alignment plate was included at the bottom of 
the CEA shrouds. Since the stiffness of the upper guide structure support plate is large compared 
to that of the shrouds, the CEA shrouds were assumed to be rigidly connected to the upper guide 
structure support plate. 
 
5) Thermal Shield (historical) 
 
During the March, 1983 refueling outage, difficulties were encountered during core reload when a 
fuel assembly would not seat properly on the core support plate.  Subsequent inspection 
determined there was debris of unknown origin on the plate.  The fuel was unloaded and the core 
support barrel was removed to investigate the source of the debris. 
 
A visual examination of the core support barrel/thermal shield assembly disclosed the thermal 
shield support system to be damaged.  A number of thermal shield support pins were fractured 
and/or missing and damage to the core support barrel was visible. 
 
An evaluation of the thermal shield support system concluded that refurbishment was impractical.  
Therefore, a decision was made to remove the thermal shield.  Analyses performed to evaluate 
operation of the plant without a thermal shield for its remaining design life indicated that 
replacement of the thermal shield was not necessary.  FPL has reviewed these analyses and 
determined that the modifications, while slightly increasing the reactor vessel fluence, is 
acceptable for reactor vessel integrity, as documented in FPL Letter L-84-29 and NRC letter of 
March 14, 1984.  Refer to Section 4.2.2.2 for details of thermal shield removal and reanalysis of 
the reactor vessel and internals. 
 
6) Upper Guide Structure Support Plate 
 & Lower Support Structure Grid Beams 
 
These grid beam structures were modeled as plane grids.  Displacements due to vertical (out of 
plane) loads applied at the beam junctions are calculated through the use of the STRUDL 
computer code (Reference 6).  Average stiffness values based on these results yielded 
equivalent member cross-section areas for the vertical model. 
 
c) Natural Frequencies and Mode Shapes 
 
The mass and beam element properties of the models were utilized in STAR, a computer 
program from the MRI/STARDYNE Analysis System programs (Reference 11) to obtain the 
natural frequencies and mode shapes.  This system utilizes the "stiffness matrix" method of 
structural analysis.  The natural frequencies and mode shapes are extracted from the system of 
equation. 

  0ΜWΚ n
2
n 

  

where:  
 K   =  Model stiffness matrix  Wn  =  Natural circular frequency 
           for the nth mode 
 M  =  Model mass matrix     =  Normal mode shape matrix for 
                nth mode 
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The mass matrix, M, includes the hydrodynamic and structural masses. 
 
The natural frequencies and mode shapes calculated for the first 3 modes for the horizontal 
model are presented in Figures 3.7-33 through 3.7-35. The natural frequencies calculated for the 
vertical model are presented in Table 3.7-25. The model data shown is typical and is presented 
for illustrative purposes.  The effect of additional higher modes was included in the response 
analyses. 
 
d) Response Calculations 
 
1) Horizontal Direction 
 
The time history analysis technique was utilized to obtain the response of the internals for the 
horizontal seismic excitation.  The horizontal excitation was specified as the acceleration time 
history of the reactor vessel flange, resulting from the OBE.  The flange excitation resulting from 
the DBE was conservatively specified as 2 times that for the OBE.  This excitation was 
determined in the analysis of the reactor coolant system as discussed in Section 3.7.3.2. 
 
The time history response analysis was performed utilizing the MRI STARDYNE System/DYNRE 
1 Computer Program.  This program utilizes the "Normal Mode Method" to obtain time history 
response of linear elastic structure.  Details of the program and the "Normal Mode Method" are 
presented in References 5, 11 and 12. 
 
Input to DYNRE 1 consisted of the modal data as determined in Section 3.7.3.3.3c modal 
damping factors, and the forcing function time history.  This analysis used the modal data for all 
modas with frequencies below 100 cps.  This included the first 14 modes.  Contributions from 
higher modes are negligible. 
 
The modal damping factors were obtained by the method of "Mass Mode Weighing" which gives: 
 
 
 
 
 
where:      βn       =  Modal damping factor 
 
    Mi       =  Structural mass of mass node i 
 
    |φ in |  =  Absolute value of the mode shape as mass mode i 
 
    βi        =  Damping associated with mass point i 
 
The damping factor assigned to the nodes representing the fuel assemblies was 5 percent.  This 
is a conservative value derived from experimental results (Reference 6).  A value of 1 percent 
was used for the other nodes. 
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The output from the DYNRE 1 code consists of the nodal displacement, velocity, and acceleration 
time history relative to the base.  The member bending moments and shears were obtained from 
the STAR code (Reference 11) and were derived from the DYNRE 1 nodal displacement vectors 
at the time of peak response. 
 
2) Vertical Direction 
 
The response of the reactor internals to the vertical excitation was obtained by the response 
spectrum technique.  Because of the high natural frequencies and resulting low levels of 
response for the vertical direction, the more conservative spectrum response analysis results 
were used instead of time history results.  The response spectrum utilized was derived from the 
vertical acceleration time history at the reactor vessel flange.  The spectrum curve is presented in 
Figure 3.7-36. 
 
An acceleration level corresponding to the natural frequency of each mode was selected from the 
spectrum curve.  The response spectrum technique used these acceleration values to determine 
the inertia forces, accelerations, and displacements of each mode.  The results for each mode 
were conservatively combined on the basis of absolute values.  For the vertical models, the first 
seven modes were included in the results.  Contributions from modes above the first were small. 
 
3) Nonlinear Impact Analysis 
 
The linear horizontal analysis indicated that the fuel assembly spacer grids contact the core 
shroud.  Analyses were performed to determine the magnitude of the impact loads on the spacer 
grids.  The nonlinear response and forces were determined using the "SHOCK" computer code 
(Reference 13).  This computer code provides the numerical solution to transient dynamic 
problems which have been modeled as lumped-parameter systems by step-by-step integration of 
the equation of motion.  The model of the fuel assemblies contained concentrated masses and 
nonlinear springs located at the spacer grids.  The nonlinear springs represented the springs 
located at the spacer grids.  The nonlinear springs represented the gap between spacer grids and 
the core shroud and the spacer grid stiffness, which was obtained from tests on production grids.  
The results from the linear time history analysis just before impact were used as initial conditions 
for the nonlinear model. 
 
3.7.3.3.4 Results 
 
Combined results for the horizontal and vertical dynamic seismic analyses are presented in Table 
3.7-26 in terms of stresses at critical locations in the reactor internals for the DBE.  Table 3.7-26 
also lists the seismic stresses which result from the application of the design loads specified for 
the DBE.  A comparison shows the results of the dynamic analysis to be less severe. 
 
For the OBE, loads on the fuel assembly spacer grids as determined from the nonlinear analysis 
were less than the experimentally determined elastic limit load.  For the DBE loads on the spacer 
grids were well under the load required to distort the guide tubes and prevent CEA insertion. 
 
The input to the reactor internals seismic analysis is the reactor coolant system seismic analysis, 
which was not revised for EPU conditions.  Therefore, the reactor internals are not re-analyzed 
for seismic events, as the pre-EPU analysis remains applicable for EPU. 
 
 
 
 
 
 
 3.7-32                     Amendment No. 26 (11/13) 



 

 

3.7.3.4   Method of Analysis - Other Seismic Class I Systems  
 
3.7.3.4.1   General 
 
All seismic Class I piping systems are analyzed to assure non-resonance with supporting 
structures in the following manner: 
 
a) Piping 2½ inches nominal size or larger with design temperature  above 275 F is 

analyzed by the multi-modal method as described in  3.7.3.4.2. 
 
b) Piping 2½ inches nominal size or larger with design temperature up to 275 F is analyzed 

by the simplified method as described in 3.7.3.4.3. 
 
c) Piping from l¼ to 2 inches nominal size with design temperature above 275 F is analyzed 

by the simplified method as described in 3.7.3.4.3. 
 
d) Piping from l¼ to 2 inches nominal size with design temperature up to 275 F and piping 

from ½ to 1 inch nominal size for all design temperatures is analyzed and restrained to 
the extent of specifying the appropriate maximum span length between supports such 
that the component period is less than 70 percent of the structure second mode period. 

 
The larger size piping systems with design temperatures above 275 F are not analyzed by the 
simplified method since this would normally result in the placing of a greater number of restraints 
than would result from analysis by the multi-modal method.  Since these lines must be allowed 
greater thermal movement, the simplified method, though conservative for seismic 
considerations, often becomes too restrictive for thermal considerations. 
 
For high temperature lines that are analyzed by the multi-modal method, a flexibility analysis is 
first made and if stresses are within acceptable limits, restraints for seismic protection are located 
at points of negligible thermal movements.  The system is then analyzed seismically and 
reanalyzed thermally.  If not acceptable, restraints are relocated and the system is reanalyzed.  
This procedure is repeated as often as necessary to achieve proper design, and only as a last 
resort are hydraulic snubbers specified.  For low temperature lines, restraints are tentatively 
located along the pipe run and a thermal evaluation is made, as described in Section 3.7.3.4.3. If 
required, restraints are relocated and the procedure is repeated as necessary. 
 
The time-history earthquake records at ground level as described in Section 3.7.1 were used to 
calculate time-history structural responses at the system supports.  This time-history of response 
was then used to compute the floor response spectra shown on Figures 3.7-12 through 
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3.7-24.  These spectra are then utilized in the analysis of the mechanical systems. 
 
For systems which are analyzed by the multi-modal method, if the first mode period of the piping 
is 70 percent or less of the second mode period of the structures, the full multi-mode response 
analysis is not performed.  The static analysis is made directly, using an acceleration value of 1.5 
times the maximum value of the floor response spectrum in the period range equal to or less than 
the period of the piping. 
 
For systems analyzed by the simplified method, the preset value for the maximum allowable 
period is 70 percent of the second mode period of the structures.  The acceleration values used 
for the design of restraints are 1.5 times the maximum value of the floor response spectrum in the 
period range from zero to the 70 percent value. 
 
3.7.3.4.2  Multi-Modal Seismic Analysis Method 
 
The method of dynamic analysis by the multi-modal method is described as follows: 
 
a) Basic Assumptions 
 
1) The system is linearly elastic. 
 
2) Masses are lumped at discreet points and are connected by weightless elastic members. 
 
3) Each mass point has six degrees of freedom except for points indicated as restrained in 

a given direction. 
 
4) The system is anchored at two or more positions and these anchor points are fixed for 

the determination of natural frequencies and mode shapes. 
 
5) Dynamic loadings in the three coordinate directions are determined separately and 

combined on the basis of excitation occurring in the  vertical and one horizontal direction 
at the same time. 

 
6) The mass polar moment of inertia, i.e., the mass component involved in rotation, is 

negligible. 
 
7) Damping is viscous and assumed constant for all modes. 
 
8) Increased flexibility due to pipe bends is included in the analysis. 
 
b) Equations of Motion 
 
The stiffness matrix method of natural mode analysis is employed to determine natural periods of 
vibration and the associated mode shapes. 
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The equations of motion for the piping system may be written as 
 
[ ] [ ]{ } { }FM =ΔΚ+Δ}{ &&                      (1) 
 
[M] = Diagonal matrix of lumped masses, the rows and columns of which are arranged to 

correspond to the components of the stiffness matrix.  The masses effective in the 
three coordinate directions are taken to be equal to the total mass assumed lumped 
at the point under study. 

 
[K]  = Square, symmetric matrix of stiffness coefficients including the effects of axial 

deformation, bending and torsional shear in the three coordinate directions. 
 
{Δ} = Column matrix of displacement. 
 

}{Δ&&   = Column matrix of acceleration. 
 
{F} = Column matrix of external loads. 
 
The stiffness matrix [K] is assembled as follows: 
 
Each pipe section has the properties: 
 
E =  Modulus of Elasticity 
 
μ =  Poisson's Ratio 
 
I =  Moment of Inertia 
 
A =  Cross-sectional Area 
 
L =  Length 
 
From these properties the characteristics of the section are computed: 
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The end flexibility of the section is contained in the 6 x 6 matrix φ: 

  
 
 
 
 
 
 
 
 
 
 
 
φ=     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A rotation matrix [R] is established to bring the pipe section into the general coordinate system.  
This matrix is based on the orientation and location of the section in the overall system. 
 
The flexibility in the generalized coordinate system is: 
 
[φG]   =    [R] [φ]  [R] T 
 
The flexibilities [φG] are accumulated for each mass point and the stiffness coefficients are 
computed as 
 
[K]A  =  [φG]-1 
 
and assembled into the overall stiffness matrix [K]. 
 
For the determination of natural frequencies and mode shapes, equation one is solved by first 
setting the external loads {F} equal to zero and the displacement vector {Δ}  =  {δ} sin ωt. 
 
Then: 
  

}{Δ&& = - {δ} ω2  sin ωt. 
 
Equation (1) becomes: 
 
[K]  {δ} = ω2   [M] {δ}                (2) 
 3.7-36 



 

 

 δ idni

n

1=i
nd M    =  R ∑  

 S R  +S   R   =   D andndandndn 2211  

 
M

D  M  =  F
n

idni n
idn

δ  

This characteristic eigenvalue equation is solved by iterative techniques to determine the natural 
frequencies and mode shape vectors  {δ} of the system. 
 
This generalized procedure permits the analysis of multiple fixed branched and looped systems 
with multiple lumped masses as well as simple single branch systems. 
 
c) Modal Analysis 
 
The response of each mode of vibration considered was computed for a unidirectional 
earthquake disturbance in the X or Z direction and the vertical Y direction simultaneously as: 
 
 
 
where: 
 

Mn = Effective mass      =   δ 2
idni

n

=1i

d
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M    

3

∑∑ ;              n =  Mode number; 

 
 
d = Direction X, Y, Z;       N =  Total number of 
                                                                                                                                lumped masses 
 
Sand = Floor response spectral acceleration in the d direction for the 
  nth mode; 
 
δidn = Shape factor (ith component for the nth mode shape for direction d) 
 
The disturbance factor for the earthquake in one horizontal coordinate direction and the vertical 
direction is defined as: 
 
 
 
 
where d1 and d2 indicate horizontal and vertical directions respectively. 
 
The model inertia forces for each mode of vibration are then computed as: 
 
 
 
 
 
d) Stress and  Displacement   Analysis 
 
The modal inertia forces Fidn are utilized as response loads in a static analysis to generate modal 
internal forces F*idn, moments M*idn and displacement Δidn, the final stresses resulting from the 
earthquake disturbance in one horizontal coordinate direction and the vertical direction are 
computed as the maximum resulting from combining the modal stress by the square root of the 
sum of squares method.  The final inertia of shear forces, moment and displacement to be used 
for design 
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The intensification factor will be applied to bending moment only. 
 
The computer program used for the static analysis utilizes the same stiffness matrix method as 
that described for the dynamic analysis.  The program determines forces, moments and 
deflections in the three coordinate directions and the stresses at selected points in the piping 
system. 
 
Piping systems that pass between structures are analyzed by the piping analysis program for 
stresses created by the relative displacement of anchor points that are located in different 
structures. 
 
3.7.3.4.3 Simplified Seismic Analysis Method 
 
The simplified method of analysis consists of locating restraints such that the period of the first 
mode of vibration of the piping system will not exceed the preset value of 70 percent of the 
second mode period of the structure.  This method involves the use of appropriate and 
comprehensive charts and tabulations that include correction factors for the effects of 
concentrated loads, branch connections, changes in pipe size, changes of direction, offsets and 
various combinations of these effects in each of the three coordinate directions to assure that it is 
adequately restrained in all directions.  An additional analysis is performed to evaluate the   
thermal effects of the restraints system.  This is done by means of charts that define the minimum 
distance required for placing restraints adjacent to any expanding leg in order to stay within 
allowable stress limits. 
 
The floor response spectra for the reactor building and reactor auxiliary building were generated 
by using the synthetic time-history ground 
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motion as described in Section 3.7.1 with the soils moduli of elasticity as determined in Section 
2.5.4. The reactor building and reactor auxiliary building response spectra for the operating basis 
earthquake (OBE)(0.05 g horizontal ground acceleration) with 0.5 percent damping are shown on 
Figures 3.7-12 through 3.7-24. The response spectra for the design basis earthquake (DBE) 
(0.10 g horizontal ground acceleration) is obtained by doubling the acceleration values for the 
(OBE) response spectra. 
 
In the floor response spectra each curve contains two significant peaks which are associated with 
the first mode and second mode of the building. 
 
A study of the floor response spectra curves shows that there is ample justification for using 70 
percent of the second mode period of the structures as a design basis for the piping.  Typically, 
the curves depicting the response of the structures peak very sharply for the first and second 
mode, and there is a noted absence of any other significant peaks for the higher modes.  It is 
then obvious that if the primary mode of piping systems are kept within the 70 percent factor, 
there is no need for further stringent response analysis. 
 
Table 3.7-27 is a summary of the pertinent data from the floor response spectra.  It shows that for 
any direction of earthquake excitation, the values to be used for the design period of the piping is 
based on the minimum period of the structures and that the design accelerations are based on 
the maximum structural accelerations within the design periods of the piping. 
 
If the primary period of vibration of a piping system is kept below 70 percent of the horizontal 
second mode periods (0.20 for reactor building and 0.15 for reactor auxiliary building) resonance 
with the supporting structure at the peak accelerations is avoided.  It is then sufficient to design 
for the maximum support accelerations between 0 to 70 percent of the second mode period of 
the structure with a conservative combined participation factor applied for the higher modes.  A 
factor of 1.5 was chosen based on past experience with participation factors for the higher modes 
which shows such a value to be conservative. 
 
3.7.3.4.4  Comparison of Typical Results of Multi-Modal Method and Simplified Method 
 
A number of sample problems were analyzed in order to compare the results of the simplified 
method with the multi-modal method on the same piping systems.  In the first group of test 
problems, restraints were located on the typical piping systems shown in Figure 3.7-37 by using 
the criterion of the simplified method for not exceeding a preset period limit.  The periods were 
then checked by computer analysis, and were found to be well within the limits, as shown on 
Table 3.7-28. 
 
The table also includes the results of a second set of test problems that were made to show the 
conservatism in using 1.5 as the participation factor for higher modes.  The typical piping systems 
shown in Figure 3.7-38 which have primary mode period of approximately 0.20 sec., were 
conservatively analyzed first by the full response multi-modal 
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method for various modes with an acceleration value of 1.0 g for each mode, and then by the 
direct static method with an acceleration value of 1.5 g. Results show that for these periods of 
vibration, the 1.5 participation factor is extremely conservative. 
 
3.7.3.5  Torsional Effects of Valves 
 
Torsional effects of motor and air operated valves and other eccentric masses are included in the 
analysis of reactor coolant pressure boundary piping by taking into account the mass and its 
eccentricity in the mathematical model. 
 
For piping outside the reactor coolant pressure boundary, the weight of valves and operators is 
lumped at the center line of the pipe in the mathematical model except for lines 2 inches or less in 
diameter. 
 
When analysis using the lumped procedure indicates stresses close to allowable code values in 
the vicinity of the valve, the stress analysis is performed considering the eccentricity of the 
masses. 
 
3.7.3.6  Differential Movement of Piping Supports 
 
Differential movement between floors of a building is neglected, due to its minimal effect, in the 
seismic analysis of components. However, differential movement between buildings as well as 
differential settlement of foundations, if not on the same mat, is considered. 
 
For seismic Class I piping interconnecting structures or structures and the ground, the relative 
displacements due to the design basis earthquake are determined from the dynamic analysis of 
the structures. The piping is designed for the Maximum axial and lateral displacements resulting 
from this analysis. 
 
For piping between adjacent structures, if there is not sufficient flexibility in the piping system, 
expansion loops are used to absorb the differential axial displacement. For lateral displacement, 
pipe restraints are provided with sufficient opening to prevent exceeding the stress limits on the 
piping. The section of piping between the anchor at a structure and the first restraint is treated as 
a deflected cantilever beam in order to estimate the maximum stresses due to the differential 
displacement. The bending stress is calculated as follows: 
 

L
3Ec = bending 

2

Δσ  

 
where: 
 
c = (pipe OD)/2 
 
E = Modulus of elasticity (psi)  
 
Δ = Relative lateral displacement 
 
L = Distance 
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For seismic Class I piping between a structure and the ground, the piping is provided with flexible 
joints to permit differential motion between the building and ground, or the piping is run 
underground for some distance in a culvert that allows sufficient displacement of the piping 
without creating an overstressed condition. 
 
Buried seismic Class I piping is assumed to be distorted in the same fashion as the earth, hence, 
assumes a sinusoidal wave shape. The wave length and the maximum displacement is 
calculated and the bending moments and stress are determined. 
 
3.7.3.7  Interaction with Non-Class I Systems 
 
Where seismic Class I piping systems are Connected to non-Class I systems, an anchor is 
located at the interface of the Class I and non-Class I piping where practical. If this is not 
possible, the non-Class I piping is treated as Class I piping up to the first anchor or combination 
of restraints which limit the seismic effects of the non-Class I piping on the Class I piping and 
anchor. The loads due to the non-Class I piping past the anchor are added to the anchor loads 
obtained from the Class I piping analysis. 
 
3.7.3.8  Field Location of Seismic Restraints and Supports 
 
Seismic restraints, supports and snubbers are shown on the stress analysis isometrics and these 
are used by the fabricator to prepare detail and location drawings. The installed restraints, 
supports and snubbers are inspected to assure proper location and function. 
 
Seismic Class I field run piping is analyzed and restrained by specifying the maximum span 
length between supports such that the component period is less than 70 percent of the structure 
second mode period. Installation of seismic restraints on field run piping is checked and 
inspected in the same manner as for piping which is not field run. 
 
3.7.3.9  Reactor Building Crane Restraints 
 
The reactor building polar crane is provided with bold down lugs as shown in Figure 3.7-39 which 
will prevent the crane from being dislodged from its rails in the event of a DBE. The reactor 
building one ton telescoping jib crane is restrained and seismically qualified in the restrained 
position to assure that it will not become dislodged in the event of a DBE. 
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3.7.3.10  Additional Computer codes used in Piping System Stress Analysis and Support 
Design  
 
PIPESTRESS: 
PIPESTRESS program performs linear elastic analysis of three dimensional piping systems 
subject to a variety of loading conditions.  Piping systems may be investigated for compliance 
with piping codes and with other constraints on system response. 
 
PC-PREPS: 
This computer code uses linear elastic theory to analyze and qualify structural members, welds, 
local tube steel stresses, anchor bolts, surface mounted base plates in accordance with AISC, 
AWS and/or ASME criteria. 
 
PITRUST-PC: 
This computer code calculates local stress intensity at the junction of two cylindrical vessels.  The 
method and theory of calculating stresses follow that promulgated by Welding Research Council 
(WRC) bulletin No. 107.  This computer code is capable of complying with requirements of ASME 
Boiler and Pressure Vessel Code, Section III and ANSI B31.1 piping codes. 
 
RELAP5: 
The RELAP5 computer code is a PC based QA Category 1 light water reactor transient analysis 
code developed at the Idaho National Engineering Laboratory (INEL) for the NRC.  It is a highly 
generic code that, in addition to calculating the behavior of a reactor coolant system (RCS) during 
a transient, can be used for simulation of a wide variety of hydraulic and thermal transients in 
both nuclear and non-nuclear systems involving mixtures of steam, water, non-condensable and 
solute.  This computer code was used to determine forcing functions for the pressurizer power 
operated relief valve (PORV) opening event.   
 
STEHAM-PC: 
The STEHAM-PC computer program is a generalized fluid transient analysis code that is used to 
perform steady-state and transient analyses of steam filled flow network.  This code was used to 
determine forcing functions for a main steam isolation valve closure event and a turbine stop 
valve closure fluid transient event. 
 
WATHAM-PC: 
The WATHAM-PC computer program is a generalized fluid transient analysis code that is used to 
perform transient analyses of water filled flow network due to pump start-up, pump trip and valve 
opening and closing.  This code was used to determine forcing functions for the feedwater 
regulating valve and isolation valve closure, and feedwater pump trip events. 
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3.7.4  SEISMIC INSTRUMENTATION PROGRAM 
 
3.7.4.1   Compliance with Regulatory Guide 1.12 
 
The original seismic monitoring system was evaluated against the requirements of Regulatory 
Guide 1.12, Revision 01, "Instrumentation For Earthquake," and was found to be acceptable.  
The seismic monitoring system was upgraded in 2004.  Where possible the replacement seismic 
monitoring system was designed to minimize the need for new interfacing signal cable, and 
consequently many of the original system design features (e.g., monitor locations, power 
sources, etc.) were retained.  The following constitutes an item-by-item evaluation of the current 
seismic monitoring system design vs. the requirements of Regulatory Guide 1.12, Revision 02.  
All system design characteristics meet the requirements of Regulatory Guide (RG) 1.12, or have 
not been changed from the original system design and are acceptable on that basis. 
 
1. Seismic Instrumentation Type and Location: 

The new seismic monitoring system design is based on Kinemetrics Etna monitors, 
which are solid state digital instruments.  Software will be maintained on a portable 
computer to facilitate download and analysis of seismic event response data from the 
monitors within four hours.  The locations of the five original triaxial accelerometers (free 
field, containment foundation, containment upper elevation, RAB foundation & RAB 
upper elevation) were retained in the new seismic monitoring system design.  These 
locations are generally consistent with the RG requirements, and were found to be 
acceptable as documented in the Unit-1 SER. 

 
2. Instrumentation At Multi-Unit Sites: 

Based on structural similarity between Units 1 & 2, a common seismic monitoring system 
is acceptable.  System alarms are annunciated in the main control room of both Units. 

 
3. Seismic Instrumentation Operability: 

Operability requirements for the seismic monitoring system are maintained in UFSAR 
sections 13.8 and 13.7 for Units 1 & 2 respectively. 

 
4.1 Instrumentation Characteristics: 

The triaxial accelerometer section of each Etna monitor includes a calibration coil that can 
be actuated via the communication link to perform a complete functional test of the 
monitor.  RG 1.12 requires minimum pre and post event data recording times of 3 and 
5 seconds respectively.  Pre and post-event data recording times of 10 seconds each are 
used for the new Etna monitors.  RG 1.12 requires a minimum data recording capability of 
25 minutes.  With the standard 32MB flash memory card, the Etna can record 
approximately 256 minutes of data, based on a sampling rate of 200 SPS for each of the 
three triaxial channels.  The minimum standard Etna battery capacity is 6.5 AH.  Based on 
the specified normal Etna current drain of 185 ma, the battery can supply the monitor for 
35 hours without the AC input. 

 
4.2 Acceleration Sensors and Recorder: 

Since a single instrument performs both functions, the RG 1.12 requirements for the 
sensors and recorder will be evaluated together.  The dynamic range of the Etna is user 
selectable.  A range of ±2g will be used, which meets the requirements of RG 1.12.  The 
frequency range or bandwidth of the Etna is dependent upon the selected sample rate.  
Based on an expected sample rate of 200 SPS, the bandwidth is 0 to 80 hz, which meets 
the RG 1.12 requirements. 
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4.3 Seismic Trigger:  
A common trigger/de-trigger setpoint of 0.01g (any triaxial channel) will be used for all 
Etna monitors.  This is consistent with the original system design and with the Reg Guide 
1.12 requirements. 
 

5. Instrumentation Installation: 
The seismic monitoring system upgrade did not alter the locations or mounting details of 
the seismic monitors.  These details are consistent with the Kinemetrics installation 
instructions, and with the Reg Guide 1.12 requirements. 

 
6. Instrumentation Actuation: 

The Etna monitors will be configured to trigger at a setpoint of 0.01g in any triaxial 
direction.  This is consistent with the existing system design and with the Reg Guide 1.12 
requirements. 

 
7. Remote Indication: 

The seismic monitoring system upgrade did not alter the audible alarm features of the 
original seismic monitoring system.  Annunciation is provided in both main control rooms 
if the containment building foundation monitor (SMR-42-1) triggers. 

 
8. Maintenance:  

Surveillance requirements for the seismic monitoring equipment are contained in 
Sections 13.8 and 13.7 of the Unit 1 & 2 UFSAR respectively. 
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g) Position 7: The acceleration data recorded at EL 23 ft in the reactor containment is 
available in the control room via a communication link. Refer to Section 3.7.4.3. 

 
h) Position 8: The instrumentation has been so designed to perform its function over the 

range of expected environmental conditions associated with its location at the site. 
 
i) Position 9: A plan for the timely utilization of the data obtained from the seismic 

instrumentation is discussed in Section 3.7.4.4. 
 
3.7.4.2  Location and Description of Instrumentation 
 
In order to comply with regulator,, concerns as to the effect of seismic events on operating plants, 
a comprehensive program has been prepared for the St. Lucie site. Figure 3.7-40 delineates the 
location of various instruments provided for measuring the magnitude and spectra of earthquake 
initiated disturbances. The arrangement is responsive to the guidance provided by the Staff's  
position. (Question 3.2(b)(c) Staff letter dated 26 April 1974.) However, it is felt that the type of 
instruments relied upon in the St. Lucie program provide more comprehensive data, and still 
provide the intelligence required by the operator to initiate protective action. The primary source 
of comprehensive data is obtained from the time-history accelograph (T/A). ANSI N18.5-1974 
states that it is "the basic and most important instrument for measuring vibratory motion." 
 
Of primary importance is that the control room operator be provided with immediate data inputs 
during a seismic event. Not only must it be known that an event is occurring but the operator 
must have available sufficient information to determine if the disturbance is of a magnitude which 
may require shutdown. A communication link with the containment building monitors is available 
to provide the operator with the peak acceleration over the entire frequency spectrum for three 
orthogonal axes. Annunciation is provided when the seismic instruments are triggered and at 
90 percent of the OBE. The unit will be secured if the OBE is exceeded. 
 
The two T/A's in each building are connected as shown in Figure 3.7-40. Should an earthquake 
occur, the master switch in the foundation T/A starts the recorder in the higher building elevation 
upon receipt of a 0.01 g excitation. 
 
This level is annunciated in the control room for operator notification. A communication link with 
the containment building monitors is available in the control room to provide access to all data 
recorded by these triaxial accelerometers.  Additionally, should the acceleration intensity reach 
90 percent of OBE, as detected by the sensor at the foundation, another control room 
annunciator is activated. The operator has audible indication that he has approached the OBE 
and as well as, readily available indication of what peak accelerations were actually achieved. It 
is concluded that sufficient prompt intelligence is available for the operator to make a decision to 
shutdown. 
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Turning to the alternate recommendations for control room intelligence via response spectrum 
recorders (seismoscopes). The information they supply is not as complete as that offered by time 
history accelographs. Annunciation and indication systems activated by response spectrum 
recorders are only capable of sensing a few (up to twelve) points in the earthquake frequency 
domain. Hence, it is possible that the frequencies selected for recording and control room 
annunciation are not sufficient to determine the true magnitude of earthquake disturbances. This 
results from,the fact that the frequency band of each sensing element is very narrow. Thus, major 
seismic components may not be available for operator decision, i.e., peaks occurring between 
the discrete frequencies monitored could very well go undetected. 
 
In light of the above it is felt that the seismic instruments provided for St. Lucie provide more 
comprehensive prompt information to the operator than the seismoscope alternative. Turning 
now to the question of recording data for post-seismic event evaluation, again the T/A's are relied 
upon. They provide a complete time-history on electronic storage media, whereas the 
seismoscope provides this data for 12 discrete frequencies. Further discussion of recorded data 
is provided below. 
 
With regard to peak accelerographs, three will be provided. The location of these instruments will 
be in accordance with the staff's request (Q3.2(b)(c)), shown on Figure 3.7-40. Implementation 
will be limited only :by the natural physical capabilities of the instruments., i.e., temperature 
and/or radiation.  Based on Revision 2 of Regulatory Guide 1.12, the original three peak 
recording accelerographs were deleted. 
 
Although the response spectrum recorders do have sampling limitations, they are capable of 
supplying fairly timely post earthquake spectrum information, whereas T/A spectral data requires 
some time for computer analysis. Basically, each of twelve tuning forks scratch their motion on a 
metal plate. Thus, subsequent to actions initiated by the event, e.g., shutdown, inspections, the 
operator could obtain the sheet and determine the response at twelve frequencies. One response 
spectrum recorder will be provided on the containment foundation in the vicinity of the T/A and 
another inside containment on category 1 piping or equipment support. The operator will then 
have the ability to compare the peak accelerations with those at the-discrete frequencies 
sampled by the response spectrum recorders.  Based on Revision 2 of Regulatory Guide 1.12, 
the original response spectrum recorders were deleted. 
 
Besides the seismoscopes provided above, two additional T/A's will be provided in the RAB. One 
will be located at the foundation and one on an upper level of the building. The upper level T/A 
will be mounted on category 1 piping or equipment support. 
 
The instruments located in the containment are independent of those located in the reactor 
auxiliary building. 
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3.7.4.3  Control Room Operator Notification 
 
All five triaxial strong motion accelerographs (T/As) record accelerations on electronic storage 
media which can be removed from the machine and interpreted with the aid of computer 
software. The readout gives accelerations in two horizontal and one vertical direction. In addition 
to local recording, a communication link with the containment building monitors is available in the 
Unit 1 control room. The operator can thus obtain the peak magnitude of the seismic disturbance 
in each of the three axes without leaving the control room. An acceleration of 0.01g triggers both 
accelerographs causing alarms in both control rooms. 
 
Upon actuation, the accelerographs capture pre-trigger data (length of time is adustable) and will 
continue to operate for as long as the master detects the earthquake plus a length of time 
(adjustable) after the event is over. It then resets and is available for the next event. 
 
The value of 90 percent of the OBE used for the alarm setting on the master accelerograph was 
elected to conservatively account for instrument inaccuracies and to assure that seismic motion  
approaching critical values is indicated. 
 
3.7.4.4  Comparison of Measured and Predicted Responses 
 
The plant operators are provided with procedures and criteria to review the accelerations 
recorded at the plant site. These criteria consider system design and dynamic analyses in 
establishing the acceptable levels for continued operation. 
 
Should a seismic event be realized during plant operation and subsequent data analysis reveals 
the predicted responses are not within 20 percent of that measured, appropriate action will be 
taken to correct the dynamic models utilized for St. Lucie. 
 
For earthquakes which have equaled or exceeded the OBE spectrum, the event will be reported 
to the NRC for evaluation of the required procedures prior to restart of the plant.  
 
Technical Specification Amendment 135 was issued on April 25, 1995 which removed the 
seismic  instrumentation requirements from the Technical Specification and relocated them to the 
UFSAR.  Chapter 13 Section 8.1 provides information that was contained in the Technical 
Specifications  and is provided in accordance with that amendment.  
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3.7.5  SEISMIC DESIGN CONTROL MEASURES 
 
Purchase specifications for Seismic Class I components specify horizontal and vertical seismic 
acceleration values based on the floor response spectra at the equipment location. The vendors 
are required to demonstrate by calculations, operating experience data or testing, the capability 
of the equipment to withstand the seismic forces, and that the equipment will continue to operate 
after a DBE. The floor response spectra at the location of the equipment are supplied to the 
vendors. The vendors were also required to calculate the natural period of vibration of the 
equipment and see that the natural period does not fall within the critical frequency range of the 
floor response spectra. 
 
The calculations and/or test results received from the vendors are reviewed by cognizant 
engineering personnel for approval of the seismic qualification method used and verification that 
the equipment meets the design conditions specified. The review and approval of vendor seismic 
qualification data follows the same procedure as approval of drawings and other design data.  
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TABLE 3.7-1 

 
REACTOR BUILDING PROPERTIES 

HORIZONTAL MODEL 
 
 
    SHIELD BUILDING                         STEEL CONTAINMENT 
 
       Mass No. W (k)  A (Ft2) I (1000 Ft4)       Mass No. W (k) A (Ft2) I (1000 Ft4) 
 
             1 7,081.0 585.2 2,815.0           11 336.3 110.8 293 

             2 5,251.0 711.2 4,057.0           12 265.5 138.9 571 

             3 4,107.2 711.2 4,057.0           13 307.5 150.5 726.5 

             4 4,267.3 711.2 4,057.0           14 508.0 302.5 1486 

             5 4,267.3 711.2 4,057.0           15              1,196.1 438.9 1807 

             6 4,267.3 711.2 4,057.0           16              1,196.1 302.5 1486 

             7 4,267.3 711.2 4,057.0           17 684.5 302.5 1486 

             8 4,167.3 711.2 4,057.0           18 684.5 302.5 l486 

             9 4,267.3 711.2 4,057.0           19 684.5 302.5 1486 

           10 3,200.4 711.2 4,057.0            20   554.4 358.8 1746 

 
 
 
   INTERNAL STRUCTURE                 FOUNDATION 
 
       Weight Moment Inertia 
               Mass No. W (k) A (Ft2) I (1000 Ft4)                W (k)         (Ft-Sec2-k)   
 
  21 615.9 256.0      65.9           116,000      5.414 x 106 

  22            10,139.0 789.0 2,080.0 

  23              7,373.0 939.0 2,090.0 

  24              4,945.0         1,089.0 2,100.0 

 

 

Note:    Design concrete strength  ƒ1
c

 = 4000 psi 

 
              Young's modulus Ec = 481,800 ksf 
 
              Poisson's ratio μ = 0.17 
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TABLE 3.7-1A 

 
SOILS-SUPPORTED 

SEISMIC CLASS I STRUCTURES 
 
   Foundation Depth of 
   Elevation Engineered 
    Structure in Feet Back Fill 
 
  Reactor Building  -25     35 
 
  Reactor Auxiliary Building  -18     42 
 
  Fuel Handling Building +12     72 
 
  Intake Structure  -35     25 
 
  Diesel Generator Building +10     70 
 
  Steam Trestle    -5     55 
 
  Component Cooling Water Heat Exchange +10     70 
  Structure 
 
  Condensate Storage Tank +10    70 
 
  Refueling Water Tank +10    70 
 
  Diesel Fuel Oil Storage Tanks +10    70 
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TABLE 3.7-1B 

 
 

SIDE SPRING CONSTANTS EFFECT ON SOIL STRUCTURE INTERACTION 
 
 
 
                                                                            Maximum Acceleration, g                                                        
 Magnitude of  Top Steel                            Foundation 
 Side Spring, %                         Top Shield Bldg                  Containment Vessel                        Mat  
 
  120 0.3294 0.2613 0.1737 
 
  110 0.3294 0.2620 0.1715 
 
  100 0.3293 0.2626 0.1692 
 
    90 0.3290 0.2631 0.1667 
 
    80 0.3285 0.2635 0.1642        
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TABLE 3.7-2 

 
REACTOR BUILDING PROPERTIES 

VERTICAL MODEL 
 
 
 
   SHIELD BUILDING             STEEL CONTAINMENT 
 
  Mass No.  W (k)   S (k/ft)  Mass No.       W (k)  S (k/ft) 
 
  1 9,392.0   5.7x106 6    616.0 3.24x106 

  2 9,181.0 17.1x106 7 1,400.0 7.29x106 

  3 8,535.0 17.1x106 8 2,136.0 7.29x106 

  4 8,535.0 17.1x106 9 1,369.0 7.29x106 

  5 7,467.0 17.1x106                    10    886.0               29.15x106 

   INTERNAL STRUCTURE    FOUNDATION 

  Mass No. W (k)                S (k/ft)                    W (k) 

  11   616.0            29.34x106                 116,000 

  12                   10,139.0            78.60x106 

  13                     7,373.0            24.18x107 

  14                     4,945.0            20.86x107 

 

Note:    Design concrete strength  ƒ1
c

 = 4000 psi 

 
               Young's modulus Ec = 481,800 ksf 
 
                           Poisson's ratio μ = 0.17 
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 TABLE 3.7-3 
  
  REACTOR AUXILIARY BUILDING PROPERTIES 
   HORIZONTAL MODEL 
 
 Mass No.       W (K)     A(N-S) (Ft2)         I(N-S) (Ft4)        A(E-W) (Ft2)          I(E-W) (Ft4)  

    1 4,263.5 292.0 1,380,000 436.0 765,400 

     2 12,978.0 881.4 7,687,000 704.7 3,029,400 

     3 20,351.0 1,632.4 16,452,164 1,765.1 6,072,617 

     4 28,666.0 1,689.2 26,358,786 2,263.0 7,548,625 

    Base 40,517.0  *4,355,415  *1,000,955 

  

  *  Weight moment of inertia (k-sec 2-ft) 

       N-S Long direction 

       E-W Short direction 

 

  Design concrete strength    =    ƒ1
c

  3000 psi 

 Young's modulus  Ec = 422,000 ksf 

 Poisson's ratio μ = 0.17 

  Shear modulus Gc = 180,000 ksf 
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TABLE 3.7-4 
 

REACTOR AUXILIARY BUILDING PROPERTIES 
VERTICAL MODEL 

 
 
Mass No.    W S (103K/ft) Mass No.  W S (103K/ft) 

   1   1,127.0   17,440    9  35.7     20.6 

   2 12,525.4   44,280   10  81.0     24.9 

   3 18,519.0   78,980   11                191.0   131.0 

   4 27,568.0   78,200   12                270.0     28.8 

   5      810.0      15.8   13                207.0                0.758 

   6        32.2      18.7   14                  51.5   183.0 

   7        74.0    0.304   15                100.0                420.0 

   8        70.0      16.6 Base         40,517.0 

 

Design concrete strength      ƒ1
c

   = 3000 psi 

Young's modulus Ec = 422,000 ksf 

Poisson's ratio μ = 0.17 

Shear modulus G c = 180,000 ksf 
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TABLE 3.7-5 

FUEL HANDLING BUILDING PROPERTIES 
 

HORIZONTAL MODEL 
 
 
Mass No. A(N-S) (ft4) I(N-S) (ft4 )  A(E-W) (ft2)  I(E-W)  (ft4)         W (k) 

   1    251.0    859,000    212.0    187,000        3,510.0 

   2    932.0 1,728,000    877.5    527,000        3,639.0 

   3    984.0 1,834,000    921.5    531,000      14,103.0 

Base                         *7,973,100(1)                                                              *1,078,200(1)       7,201(1) 

                     or 11,078,800(2)                         or 1,498,100(2)   or 10,006(2) 

 
* Weight Moment of Inertia ( k-sec2-ft) 
 
N-S Long Direction of Structure 
 
E-W Short Direction of Structure 
 

VERTICAL MODEL 
 
 Mass No.  W (k)  S (k/ft) 
    1 3,510.0   5,950,000 
    2 3,639.0   54,000,000 
    3                           12,500.0 25,600,000 
    4    180.0        98,000 
    5     248.0                      33,300 
 Base  7,201(1) 
                              or 10,006(2) 

                     Design concrete strength      ƒ1
c

   = 3000 psi 

                     Young's modulus Ec = 422,000 ksf 

 Poisson's Ratio μ = 0.17 
 
 Shear Modulus Gc = 180,000 ksf 
 
(1) for min fuel rack wt 
(2) for max fuel rack wt 
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TABLE 3.7-6 
 

INTAKE STRUCTURE PROPERTIES 
HORIZONTAL MODEL 

Mass No. W (k) A(N-S) (ft2) I(N-S) (ft4)       A(E-W) (ft2)                       I(E-W) (ft4) 

     1 3,451.4  230.7 353,000  704.0  491,400 

     2 3,923.7 259.5 364,500  605.0  322,340 

     3 4,250.0 202.0 320,000  728.0  340,000 

Base 4,242.0  *38,854    *36,600 

* Weight Moment of Inertia (k-sec 2-ft) 
 
 N-S Long Direction 
 
 E-W Short Direction 
 

 Design Concrete Strength    ƒ1
c

  = 4,000 psi 

 
 Young's Modulus Ec = 481,000 ksf 
 
 Poisson's Ratio μ  = 0.17 
 
 Shear Modulus Gc = 206,000 ksf 

VERTICAL MODEL 
 

Mass No. W (k) S (k/ft) 
 

       1 3,350.9 2.90x107 
       2 3,923.7 2.92x107 
       3 4,250.0 3.15x107 
       4      41.2 1.52x106 
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TABLE 3.7-7 
 

DIESEL GENERATOR BUILDING PROPERTIES 
HORIZONTAL MODEL 

 
 
Mass No. W (k) A(N-S) (ft2)  I(N-S) (ft4)        A(E-W) (ft2)          I(E-W) (ft4) 
 
     1 1,598.0         418.0  557,000  224.0  465,000 
     2 1,282.0         418.0  557,000  224.0  465,000 
     3 2,047.0         418.0  557,000  224.0  465,000 
     4 1,512.0         532.0  255,000  350.0      2,175 
     5 1,512.0         532.0  255,000  350.0      2,175 
Base 3,493.0          *144,000                  *82,300 
 
 * Weight Moment of Inertia   (k-sec2-ft) 
 
    N-S Long Direction 
 
    E-W Short Direction 

    Design Concrete Strength     ƒ1
c

 = 3,000 psi 

    Young's Modulus Ec = 422,000 ksf 
 
    Poisson's Ratio μ = 0.17 
 
    Shear Modulus Gc = 180,000 psf 

VERTICAL MODEL 
 

Mass No. W (k) S (k/ft) 
 

         1    640.0 24,600,000 
         2 1,282.0 24,600,000 
         3 1,135.0 32,000,000 
         4    380.0      213,200 
         5    600.0 22,500,000 
         6    600.0 22,500,000 

                                                                                    Base               7,141.0 
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TABLE 3.7-8

COMPARISON OF STRUCTURAL RESPONSES
FOR RESPONSE SPECTRA AND TIME HISTORY SEISMIC

ANALYSIS METHODS

N-S Direction (0.1 G Horizontal  Earthquake)

Response

React. Aux. Bldg. Response Spectra Time History
     Elevation            Method                    Method    

         82.0 0.382g 0.40g

         62.0 0.345g 0.28g

         43.0 0.292g 0.23g

         19.5 0.214g 0.23g

         - 0.5 0.134g 0.30g

E-W DIRECTION (0.1 G HORIZONTAL EARTHQUAKE)

Response

React. Aux. Bldg.   Response Spectra Time History
     Elevation            Method                    Method    

         82.0 0.360g 0.52g

         62.0 0.325g 0.40g

         43.0 0.279g 0.36g

        19.5 0.219g 0.34g

        - 0.5 0.166g 0.34g
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TABLE 3.7-9

REACTOR BUILDING NATURAL PERIODS OF VIBRATION (SEC)

HORIZONTAL

MODE  E=48000 psi     E=44000 psi E=40000 psi      E=36000 psi       E=32000 psi

   1 0.6766 0.7046 0.7373 0.7740 0.8180
   2 0.2725 0.2840 0.2971 0.3221 0.3302
   3 0.1365 0.1370 0.1375 0.1379 0.1383
   4 0.0879 0.0881 0.0884 0.0886 0.0888
   5 0.0716 0.0716 0.0716 0.0716 0.0716
   6 0.0492 0.0493 0.0493 0.0494 0.0494
   7 0.0421 0.0421 0.0421 0.0421 0.0421
   8 0.0383 0.0383 0.0383 0.0383 0.0383
   9 0.0283 0.0283 0.0283 0.0283 0.0283
 10 0.0232 0.0232 0.0232 0.0232 0.0232

VERTICAL

 MODE E=48000 psi     E=44000 psi E=40000 psi      E=36000 psi       E=32000 psi

  1 0.4447 0.4647 0.4876 0.5144 0.5461
  2 0.0828 0.0828 0.0828 0.0829 0.0829
  3 0.0434 0.0434 0.0434 0.0435 0.0435
  4 0.0379 0.0379 0.0379 0.0379 0.0379
  5 0.0227 0.0227 0.0227 0.0227 0.0227
  6 0.0170 0.0170 0.0170 0.0170 0.0170
  7 0.0164 0.0164 0.0164 0.0164 0.0164
  8 0.0155 0.0155 0.0155 0.0155 0.0155
  9 0.0129 0.0129 0.0129 0.0129 0.0129
10 0.0112 0.0112 0.0112 0.0112 0.0112
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TABLE 3.7-10 
 REACTOR BUILDING HORIZONTAL 

STRUCTURAL RESPONSES 
  

         Mass  E = 48000 psi  E = 44000 psi  E = 40000 psi      E = 36000 psi   E = 32000 psi   Envelop 
           No. A (g)   D (ft) A (g)       D (ft) A (g)  D (ft)      A (g)        D(ft)    A (g)       D (ft) A (g)      D (ft) 

   1 .3459 .1052 .3390   .1112 .3322 .1189    .3241 .1276 .3115     .1360 .3459 .1360 

   2 .3006 .0951 .2945   .1006 .2883 .1075  .2813 .1155 .2700     .1230 .3006 .1230 

   3 .2653 .0871 .2598 .0922 .2542 .0985  .2480 .1058 .2378     .1128 .2653 .1128 

   4 .2228 .0771 .2181 .0816 .2133 .0873  .2081 .0938 .1993     .1000 .2228 .1000 

   5 .1888 .0683 .1847 .0724 .1807 .0774  .1763 .0833 .1687     .0888 .1888 .0888 

   6 .1599 .0596 .1564 .0632 .1530 .0676  .1494 .0728 .1428     .0777 .1599 .0777 

   7 .1390 .0509 .1360 .0540 .1331 .0579  .1301 .0624 .1245     .0667 .1390 .0667 

   8 .1292 .0424 .1267 .0451 .1243 .0484  .1215 .0522 .1168     .0559 .1292 .0559 

   9 .1314 .0341 .1294 .0364 .1275 .0392  .1249 .0423 .1208     .0455 .1314 .0455 

           10 .1433 .0263 .1418 .0282 .1403 .0304  .1378 .0330 .1342     .0356 .1433 .0356 

           11 .2665 .0914 .2639 .0975 .2619 .1052                  .2597 .1140 .2533     .1226 .2665 .1226 

           12 .2402 .0839 .2372 .0896 .2347 .0466  .2321 .1047 .2258     .1126 .2402 .1126 

           13 .2169 .0770 .2135 .0822 .2107 .0887  .2078 .0961 .2015     .1033 .2169 .1033 

           14 .1935 .0695 .1897 .0742 .1864 .0801  .1832 .0868 .1769     .0933 .1935 .0933 

           15 .1731 .0621 .1690 .0664 .1653 .0716   .1617 .0775 .1553     .0834 .1731 .0884 

           16 .1564 .0548 .1521 .0585 .1481 .0631  .1442 .0683 .1378     .0735 .1564 .0735 

           17 .1440 .0474 .1398 .0506 .1359 .0546  .1319 .0591 .1258     .0636 .1440 .0636 

           18 .1378 .0400 .1341 .0428 .1306 .0462  .1268 .0500 .1212     .0539 .1378 .0539 

           19 .1385 .0329 .1356 .0351 .1329 .0379  .1295 .0411 .1247     .0445 .1385 .0443 

           20 .1457 .0259 .1439 .0278 .1422 .0301   .1394 .0326 .1356     .0352 .1457 .0352 

           21 .1389 .0398 .1353 .0426 .1320 .0460  .1281 .0499 .1225     .0537 .1389 .0537 

           22 .1392 .0369 .1359 .0395 .1327 .0426   .1288 .0462 .1234     .0498 .1392 .0498 

           23 .1416 .0313 .1389 .0335 .1363 .0362  .1328 .0393 .1281     .0424 .1416 .0424 

           24 .1486 .0246 .1470 .0264 .1455 .0285  .1427 .0310 .1390     .0355 .1486 .0335 

         Base .1680 .0170 .1675 .0184 .1672 .0199  .1655   .0217 .1625     .0236  .1680 .0236 
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TABLE 3.7-11 
  

REACTOR BUILDING VERTICAL 
 STRUCTURAL RESPONSES 
  
            Mass E = 48000 psi E = 44000 psi E = 40000 psi      E = 36000 psi  E = 32000 psi  Envelop 
              No.  A (g) D (ft)  A (g) D (ft)  A (g) D (ft)  A (g) D (ft)  A (g) D (ft)  A (g) D (ft) 

       1 .1363 .0220 .1331 .0234 .1296 .0251 .1254 .0270 .1203 .0292 .1363 .0292 

       2 .1349 .0218 .1318 .0232 .1285 .0249 .1244 .0268 .1194 .0290 .1349 .0290 

       3 .1340 .0216 .1309 .0231 .1278 .0248 .1237 .0267 .1189 .0289 .1340 .0289 

       4 .1326 .0214 .1297 .0229 .1267 .0246 .1228 .0265 .1181 .0287 .1326 .0287 

       5 .1309 .0211 .1282 .0226 .1253 .0243 .1216 .0262 .1171 .0285 .1309 .0285 

       6 .1306 .0210 .1278 .0225 .1248 .0242 .1213 .0262 .1168 .0284 .1304 .0284 

       7 .1303 .0210 .1276 .0225 .1246 .0242 .1212 .0262 .1167 .0284 .1303 .0284 

       8 .1300 .0210 .1274 .0224 .1243 .0242 .1210 .0261 .1166 .0284 .1300 .0284 

       9 .1296 .0209 .1270 .0224 .1238 .0241 .1208 .0261 .1163 .0283 .1296 .0283 

              10 .1290 .0208 .1265 .0223 .1239 .0240 .1203 .0260 .1160 .0282 .1290 .0282 

              11 .1291 .0208 .1266 .0223 .1239 .0240 .1204 .0260 .1160 .0282 .1291 .0282 

              12 .1290 .0208 .1265 .0223 .1238 .0240 .1204 .0260 .1160 .0282 .1290 .0282 

              13 .1290 .0208 .1264 .0223 .1238 .0240 .1203 .0260 .1160 .0282 .1290 .0282 

              14 .1289 .0208 .1264 .0223 .1237 .0240 .1202 .0259 .1159 .0282 .1289 .0282 

            Base .1288 .0208 .1263 .0223 .1237 .0240 .1202 .0259 .1158 .0282 .1288 .0282 
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TABLE 3.7-12 

 
REACTOR AUXILIARY BUILDING 

NATURAL PERIODS OF VIBRATION (SEC) 
HORIZONTAL 

 
 
   E=48000 psi     E=44000 psi  E=40000 psi  E=36000 psi      E=32000 psi 
Mode   N-S      E-W         N-S      E-W N-S       E-W  N-S       E-W     N-S      E-W 
 
  1 .4453   .7326  .4645   .7649 .4868   .8020 .5125    .8452 .5421  .8952 
  2 .2167   .1923  .2263   .2009 .2375   .2107 .2503    .2220 .2653  .2355 
  3 .0572   .0469  .0573   .0469 .0574   .0469 .0574    .0469 .0575  .0470 
  4 .0437   .0348  .0438   .0348 .0438   .0348 .0438    .0348 .0438  .0348 
  5 .0335   .0289  .0335   .0289 .0335   .0289 .0335    .0289 .0335  .0289 
  6 .0266   .0262  .0266   .0262 .0266   .0262 .0266    .0262 .0266  .0262 
 
 

VERTICAL 
 
Mode       E=48000 psi               E=44000 psi              E=40000 psi              E=36000 psi             E=32000 psi 
 
  1  0.5788  0.5788   0.5789   0.5789   0.5790 
  2  0.5464  0.5464   0.5464   0.5464   0.5464 
  3  0.2901  0.3017   0.3158   0.3324   0.3515 
  4  0.2469  0.2476   0.2481   0.2485   0.2489 
  5  0.1071  0.1071   0.1071   0.1071   0.1071 
  6  0.0719  0.0719   0.0719   0.0719   0.0719 
  7  0.0631  0.0631   0.0631   0.0631   0.0631 
  8  0.0461  0.0461   0.0461   0.0461   0.0461 
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TABLE 3.7-13 
 
 REACTOR AUXILIARY BUILDING HORIZONTAL 
 STRUCTURAL RESPONSES 
 
 
Mass       E = 48000 psi    E = 44000 psi         E = 40000 psi         E = 36000 psi       E =  32000 psi      Envelop 
  No.  A (g)        D (ft)  A (g)        D(ft)   A (g)        D (ft)  A (g)       D (ft)   A (g)       D (ft)  A (g)        D (ft) 

  1 .2669  .0418 .2614 .0445 .2557 .0478 .2485 .0514 .2402 .0554 .2669 .0554 

  2 .2170  .0350 .2124 .0372 .2076 .0400 .2015 .0430 .1944 .0464 .2170 .0464 

  3 .1788  .0287 .1751 .0305 .1713 .0328 .1663 .0353 .1606 .0381 .1788 .0381 

  4 .1494  .0207 .1472 .0220 .1449 .0237 .1420 .0255 .1386 .0276 .1494 .0276 

Base .1543  .0120 .1541 .0129 .1538 .0139 .1535 .0152 .1528 .0166 .1543 .0166 

 

E-W 

Mass       E = 48000 psi          E = 44000 psi          E = 40000 psi        E = 36000 psi        E = 32000 psi                Envelop 
  No.  A (g)        D (ft)   A (g)  D (ft)  A (g)         D (ft)   A (g)        D (ft)       A (g)   D  (ft)   A(g)          D(ft) 

  1 .2455  .0956 .2415 .1019 .2363 .1091 .2239 .1131 .2114 .1176 .2455 .1176 

  2 .1792  .0762 .1755 .0812 .1711 .0869 .1603 .0901 .1494 .0937 .1792 .0937 

  3 .1346  .0581 .1317 .0619 .1284 .0663 .1201 .0687 .1116 .0715 .1346 .0715 

  4 .1297  .0348 .1295 .0371 .1281 .0398 .1250 .0413 .1219 .0430 .1297 .0430 

Base .1900  .0095 .1926 .0127 .1927 .0111 .1928 .0119 .1929 .0128 .1929 .0128 
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 TABLE 3.7-14 

REACTOR AUXILIARY BUILDING 
VERTICAL STRUCTURAL RESPONSES 

 
 
Mass     E = 48000 psi  E = 44000 psi  E = 40000 psi           E = 36000 psi         E =  32000  psi        Envelop 
  No. A (g)            D (ft) A (g)           D (ft)         A (g)            D (ft)        A (g)            D (ft)         A (g)              D (ft)   A (g)        D (ft) 

  1 .1366        .0094 .1404     .0104 .1412 .0115        .1408 .0127      .1396 .0141     .1412 .0141 

  2 .1361        .0093 .1400     .0104 .1409 .0115        .1405 .0127      .1394 .0141     .1409. .0141 

  3  .1354   .0093 .1393     .0103 .0402 .0114        .1400 .0126      .1389 .0140     .1402 .0140 

  4  .1345   .0092 .1384     .0103 .1395 .0113        .1393 .0126      .1383 .0139     .1395 .0139 

  5  .6643   .0417 .5472         .0370 .4508 .0333        .3769 .0309      .3209 .0296     .6643 .0417 

  6 .1398   .0096 .1435     .0106 .1442 .0117        .1435 .0129      .1421 .0143     .1442 .0143 

  7 .1676     .0389 .1764     .0405 .1873 .0426        .2017 .0454      .2213 .0493      .2213 .0493 

  8 .1457   .0100 .1490     .0110  .1492 .0121        .1480 .0133      .1461 .0147     .1492 .0147 

  9 .1391   .0095 .1428     .0106 .1435 .0117        .1429 .0129      .1416 .0143     .1435 .0143 

 10 .1425   .0098 .1459     .0108 .1463 .0119        .1455 .0131      .1438. .0145     .1463 .0145 

 11 .1383   .0095 .1420     .0105 .1428 .0116        .1423 .0128      .1409 .0142     .1428 .0142 

 12 .1583   .0108 .1605     .0118 .1594 .0129        .1569 .0141      .1537 .0154     .1605 .0154 

 13 .1557   .0409 .1619     .0421 .1698 .0438        .1800 .0459      .1945 .0490     .1945 .0490 

 14 .1351   .0093 .1390     .0103 .1400 .0114        .1397 .0126      .1387 .0140     .1400 .0140 

 15 .1349   .0092 .1388     .0103 .1398 .0114        .1396 .0126      .1387.  0140     .1398 .0140 

Base .1329   .0091 .1369     .0102 .1381 .0112        .1381 .0124      .1372 .0138     .1381 .0138 
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TABLE 3.7-15

FUEL HANDLING BUILDING
NATURAL PERIODS OF VIBRATION (SEC)

HORIZONTAL

Mode E=42000 psi E=38500 psi E=35000 psi E=31500 psi E=2800 psi
N-S      E-W N-S      E-W N-S      E-W N-S      E-W N-S     E-W

 1 .4649   .5303 .4854   .5533 .5090   .5804 .5363   .6111 .5687   .6475
 2 .2450   .1931 .2351   .2015 .2673   .2112 .2812   .2222 .2977   .2355
 3 .0592   .0665 .0593   .0666 .0593   .0666 .0594   .0666 .0594   .0667
 4 .0303   .0313 .0304   .0314 .0304   .0314 .0305   .0315 .0305   .0315
 5 .0166   .0178 .0166   .0178 .0166   .0178 .0166   .0178 .0166   .0178

VERTICAL

Mode E=42000 psi E=38500 psi E=35000 psi E=31500 psi E=2800 psi

1 0.2440 0.2547 0.2672 0.2813 0.2982
2 0.0950 0.0951 0.0951 0.0951 0.0951
3 0.0473 0.0473 0.0473 0.0473 0.0473
4 0.0267 0.0267 0.0267 0.0267 0.0267
5 0.0141 0.0141 0.0141 0.0141 0.0141
6 0.0075 0.0075 0.0075 0.0075 0.0075
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• • • 
TABLE 3. 7-16 

FUEL HANDLING BUILDING HORIZONTAL 
STRUCTURAL RESPONSES 

N-S 

Mass E = 42000 psi E = 38500 psi E = 35000 psi E = 31500 psi E = 28000 psi Envelop 
No. · A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) 

l .1637 .0158 .1621 .0168 .1602 .0180 .1582 .0194 .1561 .0211 .1637 .0211 

2 .1719 .0122 .1716 .0130 .1711 .0141 .1706 .0153 .1700 .0169 .1719 .0169 

w 3 .1790 .0111 .1790 .0119 .1789 .0130 .1787 .0142 .1786 .0157 .1790 .0157 . 
...... Base .1942 .0097 .1952 .0106 .1962 .0117 .1972 .0130 .1983 .0146 .1983 .0146 
I 

°' \.Jl 

E-W 

Mass E = 42000 psi E = 39500 psi E = 35000 psi E = 31500 psi E = 28000 psi Envelop 
No. A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) 

1 .2003 .0457 .1947 .0484 .1886 .0515 .1822 .0552 .1756 .0597 .2003 .0597 

2 .1423 .0286 .1397 .0303 .1364 .0323 .1331 .0347 .1295 .0375 .1423 .0375 

3 .1404 .0218 .1396 .0231 .1378 .0247 .1360 .0265 .1340 .0287 .140/i .0287 

Base .1832 .0075 .1860 .0081 .1867 .0083 .1873 .0097 .1880 .0107 .1880 .0107 



• • • 
TABLE 3. 7-17 

FUEL HANDLING BUILDING 
VERTICAL STRUCTURAL RESPONSES 

Mass E = 42000 psi E = 38500 psi E = 35000 psi E = 31500 psi E = 28000 psi Envelop 
No. A (g) D (ft) A (g) D (ft} A (g) D (ft) A (g} D (ft) A (g) D (ft} A (g) D (ft) 

1 .1486 .0072 .1485 .0079 .1483 .0086 .1481 .0096 .1479 .0107 .1486 .0107 

2 .1468 .0071 .1468 .0078 .1467 .0085 .1467 .0095 .1467 .0106 .1468 .0106 

3 .1464 .0071 .1464 .0077 .1464 .0085 .1464 .0094 .1464 .0106 .1464 .0106 

4 .1522 .0074 .1517 .0080 .1512 .0088 .1507 • OOCJ 7 .1503 .0109 .1522 .0109 

5 w .1738 .0084 .1711 .0090 .1685 .0098 .1660 .0107 .1636 .0118 .1738 .0118 

-...J Base .1443 .0070 .1445 .0076 .1447 .0084 .1448 .0093 .1450 .0105 .1450 .0105 
I 

Q'\ 

"' 



• TABLE 3. 7-18 

INTAKE STRUCTURE NATURAL PERIODS OF VIBRATION (SEC} 
HORIZONTAL 

Mode E=48000 psi E=44000 psi E=40000 psi E=36000 psi E=32000 psi 
N-S E-W N-S E-W N-S E-W N-S E-W N-S E-W 

1 .2782 .2824 .2903 .2946 .3043 .3086 .3248 .3392 
2 .1025 .0999 .1069 .1042 .1120 .1092 .1150 .1245 
3 .0294 .0190 .0295 .0191 .0296 .0191 .0192 .0297 
4 .0253 .0163 .0255 .0164 .0257 .0164 .0165 .0262 
5 .0206 .0124 .0206 .0125 .0206 .0125 .0125 .0207 

VERTICAL 

Mode E=48000 psi E=44000 psi E=40000 psi E=36000 psi E=32000 psi 

1 0.2550 0.2662 0.2791 0.2941 o. 3119 
2 0.0165 0.0165 0.0165 0.0165 0.0165 
3 0.0090 0.0090 0.0090 0.0090 0.0090 

• 4 0.0070 0.0070 0.0070 0.0070 0.0070 
5 0.0057 0.0057 0.0057 0.0057 0.0057 

• 
3.7-67 



• • • 
TABLE 3. 7-19 

INTAKE STRUCTURE STRUCTURAL RESPONSES 
HORIZONTAL N-S 

Mass E = 48000 psi E = 44000 psi E = 40000 psi E = 36000 psi E = 32000 psi Envelop 
No. A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) 

1 .2987 .0186 .2987 .0202 .2976 .0221 - - .2904 .0267 . 2987 .0267 
2 .2085 .0131 .2087 .0143 .2081 .0157 - - .2030 .0190 .2087 .0190 
3 .1509 .0087 .1519 .0096 .1525 .0106 - - .1522 .0129 .1525 .0129 

Base .1231 .0038 .1262 .0042 .1295 .0046 - - .1360 .0058 .1360 .0058 

HORIZONTAL E-W 
\..V . 

Mass E = 48000 psi E = 44000 psi E = 40000 psi E = 36000 psi E = 32000 psi Envelop ........ 
I No. A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) (j\ 

CXl 

1 .2934 .0188 .2934 .0205 • 29 ll .0223 .2879 .0244 - - .2934 .0244 
2 .2223 .0145 .2223 .0157 .2209 .0172 .2183 .0188 - - .2223 .0188 
3 .1720 .0109 .1725 .0119 .1721 .0130 .1707 .0143 - - .1725 .0143 

Base .1303 .0068 .1320 .0075 .1334 .0082 .1347 .0091 - - .1347 .0091 

VERTICAL 

Mass E = 48000 psi E = 44000 psi E = LOOOO psi E = 36000 psi E = 32000 psi Envelop 
No. A (g) D (ft) A (g) D (ft} A (g) D (ft} A (g) D (ft) A (g) D (ft) A (g) D (ft) 

1 .1477 .0078 .1476 .0085 .1475 .0094 .1474 .0104 .1460 .0116 .1477 .0116 
2 .1473 .0078 .1473 .0085 .1472 .0094 .1471 .0104 .1457 .0116 .1473 .0116 
3 .1466 .0077 .1466 .0085 .1466 .0093 .1466 .0103 .1453 .0115 .1466 .OllS 
4 .1477 .0078 .1476 .0085 • 1476 .0094 .1475 .0104 .1460 .0116 .1477 .0116 

Base .1456 .0077 .1457 .0084 .1458 .0093 .1459 .0103 .1446 .0115 .1459 .0115 



TABLE 3. 7-20 

• DIESEL GENERATOR BUILDING 
NATURAL PERIODS OF VIBRATION (SEC) 

HORIZONTAL 

E=36000 psi E=33000 psi E=30000 psi E=27000 psi E=24000 psi 
Mode N-S E-W N-S E-W N-S E-W N-S E-W N-S E-\:' 

1 .1915 .1969 .1997 .2053 .2095 .2150 .2205 .2262 .2336 . 2396 
2 .0928 .0915 .0969 .0952 .1016 .0997 .1070 .1049 .1134 .1111 
3 .0282 .0377 .0282 .0378 .0282 .0379 .0283 .0380 .0283 .0381 
4 .0150 .0311 .0150 .0311 .0150 .0311 .0150 .0311 .0150 .0311 
5 .0141 .0223 .0141 .0223 .0141 .0223 .0141 .0223 .0141 .0224 
6 .0101 .0171 .0101 .0171 .0101 .0171 .0101 .0171 .0101 .0172 

VERTICAL 

Mode E=36000 psi E=33000 psi E=30000 psi E=27000 psi E=24000 psi 

1 0.1363 0.1492 0.1572 0. 1666 
2 0.0458 0.0459 0.0459 0.0459 
3 0.0115 0.0115 0.0115 0. 0115 
4 0.0057 0.0057 0.0057 0.0057 
5 0,0053 0.0053 0.0053 0.0053 

• 6 0.0046 0. 0046 0. 0046 0.0046 

• 3.7-69 



• • • 
TABLE 3. 7-21 

DIESEL GENERATOR BUILDING 
STRUCTURAL RESPONSES 

Mass E = 36000 psi E = 33000 psi E = 30000 psi E = 27000 psi E = 24000 psi Envelop 
U} 

No. A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) A (g) D (ft) 
I 
z 

1 .2646 .0079 .2678 .0087 .2673 . 000 5 .2668 .0105 .266L .0118 .2678 .Oll8 

2 .2336 .0070 .2365 .0077 .2362 .0084 .2359 .0093 .2355 .0105 .2365 .0105 

3 .2024 .0060 .2052 .0067 .2054 .0073 .2054 .0081 .205L .0091 .2054 .0091 

4 .1983 .0059 .2015 .0065 .2020 .0072 .2023 .0080 .2026 .0090 .2026 .0090 

5 .1983 .0059 .2015 .0065 .2020 .0072 .2023 .0080 .2026 .0090 . 2026--' • 0090 

w Base .1756 .0052 .1784 .0057 .1791 . .0063 .1796 .0070 .1801 .0079 .1801 .0079 
......, 
I ......, 1 .2873 .0090 .2880 .0098 .2873 .0107 .2865 .0118 . 2859 .0132 .2880 .0132 

0 
~ 
I 2 .2429 .0077 .2437 .0084 .2432 .OC92 .2427 .0101 .2421 .0113 .2437 .0113 
~ 

3 .1983 .0063 .1994 .0068 .1995 .OC75 .1996 .0083 .1997 .0093 .1997 .0093 

4 .1941 .0061 .1956 .0067 .1960 .OC74 .1965 .0082 .1969 .0092 .1969 .0092 

5 .1941 .0061 .1956 .0067 .1960 .0074 .1965 .0082 .1969 .0092 .1969 .0092 

Base .1608 .0050 .1626 .0054 .1634 .0060 .1645 .0067 .1655 .0095 .1655 .0075 

1 .1251 .0019 - - .1334 .0024 .1359 .0027 .1385 .0031 .1385 .0031 

2 .1247 .0019 - - .1330 .0024 .1356 .0027 .1382 .0031 .1382 ' . 0031 .-4 
tll 

.1377'*'
0

.0034 () 3 .1239 .0019 - - .1323 .0024 .1350 .0027 .1377 .0034 ·..-! 
µ ,... 

4 .1421 .0021 - - .1481 .0027 .1492 .0030 .1505 .0031 • 1502 .0031 <l) 

:> 
5 .1233 .0019 - - .1317 .0024 .1344 .0027 .1372 .0031 .1372 .0031 

6 .1233 .0019 - - .1317 .0024 .1344 .0027 .1372 .0031 .1372 .0031 

Base .1230 .0019 - - .1315 .0024 .1342 .0027 .1370 .0031 .1370 .0031 



TABLE 3.7-21A 

• NODE FREQUENCY DISPL.'\CE!'.E:lT AT T = !. 98 
s=O 

OR EBASCO DYNA:llC EBASCO DYNA.i.'1IC 
HASS PT. ANALYSIS PROG. STARDYNE ANALYSIS PROG. STARDY:JC 

1 2.4373 2.4346 0.01631 0.01635 
2 5.0158 5.0149 0.01568 0.01572 
3 8.3874 8.3599 0.01154 0.01458 
4 8. 9140 8.9068 0.01368 0.01372 
5 11. 3003 11.2466 0.01319 0.01323 
6 13.1218 11.1031 0.01227 0.01231 
7 15.5296 15.4381 0.01091 0.01093 
8 17.7919 17.7128 0.00979 0.00982 
9 18.4370 18. 3135 0.00885 0.00887 

10 22.1156 22.0018 0.00781 0.00782 
11 23.9480 23. 8722 0. 01484 0.01488 
12 26.0547 25.9860 . 0.01448 0.01452 
13 28.0716 27 .9681 0.01412 0.01417 
14 30.7635 30.5644 0.01398 0.01402 
15 33.2434 33.1839 0.01366 0. 01370 
16 36.2133 36.0596 0.01319 0.01323 
17 37.0848 36.8921 0.01262 0.01265 
18 38.5026 38.2458 0.01207 0.01210 
19 43.8437 43.6126 0.01153 0. 0115(1 

I 

~ * RPfer to Figure 3.7-llA for the representative model 

• 3. 7-71 



TABLE 3. 7-21B 

• COMPARISON BET\'EFN RFRM A.~'D OTHER Rf.FF.RD\CF:S 

A. Sample Problem No. 1: Reference - Structural Theory 
Sutherland & Bowman 
Page 264 

6K 3 I 

1'o" -r 
I 

I 21 20' 

6K )Ii 2 
I ....., ---

5 

moment sign convention: 

I 21 30 1 

1 6 
;, ~ .. ' . ' ', ,, ,,. 

• f 20 1 l 
1 

RFRM RESULTS REFERENCE RESULTS 

FOR THE MEMBER 3 4 
FX( 3 ) = 2.61907 KIPS 
FY( 3 ) ... -4.22005 KIPS 
M ( 3 ) = 40.04487 FT-K M(3) • 39.7 FT-K 

FX( 4 ) = -2.61907 KIPS 
FY( 4 ) = 4.22005 KIPS 
M ( 4 ) = 44.35622 FT-K M(4) • 43.8 FT-K 

AXIAL FORCE == -2.619 KIPS 

FOR THE MEMBER 2 5 
FX( 2 ) . 4.90394 KIPS 
FY( 2 ) = -9.02556 KIPS 
M ( 2 ) = 85.26272 FT-K M(2) • 84.5 FT-K 

FX( 5 ) - -4.90394 KIPS 
FY( 5 ) . 9.02656 KIPS 
M ( 5 ) . 95.26841 FT-K M(5) • 94.7 FT-K 

AXIAL FORCE • -4.904 KIPS 

• 
3.7-72 



TABLE3.7-21B (Cont'd) 

• RFR..111 RFSVLTS REFERENCE RESULT 

FOR TilE MENBER 3 2 
FX( 3 ) = 3.38093 KIPS 
FY( 3 ) = 4.22005 KIPS 
M ( 3 ) -40.04487 FT-K M(3) = 39.7 FT-K 

FX( 2 ) -3.38093 KIPS 
FY( 2 ) = -4.22005 KIPS 
M ( 2 ) = -27 .57370 FT-K M(2) = -26.7 FT-K 

AXIAL FORCE = 4.220 KIPS 

FOR TIIB MEMBER 4 5 
FX( 4 ) = 2.61987 KIPS 
FY( 4 ) -4.88005 KIPS 
M ( 4 ) -44.38622 F1'-K M(4) = -43.8 FTM K 

FX( 5 ) -2.61907 KIPS 
FY( 5 ) = -.22005 KIPS 
M ( 5 ) = -5.02521 FT-K M(5) = -5.7 FT-K 

AXIAL FORCE = -4.220 KIPS 

• FOR TIIE MI:MDER 2 1 
FX( 2 ) = 4 .-4 7689 KIPS 
FY( 2 ) = 13.24661 KIPS 
M ( 2 ) -57.58-02 FT-K M(2) - -57.8 FT- K 

FX( 1 ) = -4.47683 KIPS 
FY( 1 ) = -13.24661 KIPS 
M ( 1 ) = -76.62087 FT-K M(l) = -75.0 FT- K 

AXIAL FORCE = -13.247 KIPS 

FOR TIIB MEMBER 5 6 
FX( 5 ) = 7.52301 KIPS 
FY( 5 ) = -13.24661 KIPS 
M ( 5 ) = -87.24319 FT-K M(S) = -87 .O FT- K 

FX( 6 ) - -7.52301 KIPS 
FY( 6 ) = .13.24661 KIPS 
M ( 6 ) ... -138. 44721 FI'-K M(6) =-136.4 FT- K 

AXIAL FORCE = -13.247 KIPS 

• 3.7-73 



• 

• 

• 

TABLE 3.7-21B (Cont'd) 

B. Sample Problem No. 2: Reference - Reinforced Concrete Structure 
(CASE A) Peabody 

73 
I 
! 
l14' 
I 

I 
2 

16' 
28' 

1 
; 

FOR TI!E MEMBER 

FOR TI!E MfilffiER 

5 

6 

RFRM RESULTS 

3 4 
FX( 3 ) = 
FY( 3 ) = 
M ( 3 ) = 
FX( 4 ) = 
FY( 4 ) = 
M ( 4 ) 

AXIAL FORCE = 

2 5 
FX( 2 ) = 
FY( 2 ) = 

20' 

7 

8 
~ 

12.09692 
27. 87728 

-96.73661 

-12.09692 
28.12272 

100.17281 

-12.097 

-7.05437 
39.74361 

M ( 2 ) = -125.91879 

FX( 5 ) 7.05437 
FY( 5 ) = 44.25639 
M ( 5 ) = 189.09767 

AXIAL FORCE = 7.054 

3.7-74 

Pages 388 to 393 

moment sign convention: 

?+ 

REFERENCE RESULTS 

KIPS 
KIPS 
FT-K M(3) = -97.0 FT-K 

KIPS 
KIPS 
FT-K M(4) = 100.8 FT-K 

KIPS 

KIPS 
KIPS 
FT-K M(2) =-122.1 FT-K 

KIPS 
KIPS 
FT-K M(5) = 197.1 FT-K 

KIPS 



TABLE 3.7-21B (Cont'd) 

• RFRM RESULTS REFF.RENCE RESULT 

FOR THE MEMBER' 5 7 
FX( 5 ) = 2.75273 KIPS 
FY( 5 ) = 23.28177 KIPS 
M ( 5 ) = -95.30735 FT-K M(5) =-103.9 FT-K 

FX( 7 ) = -2.75273 KIPS 
FY( 7 ) = 16. 71823 KIPS 
M ( 7 ) = 29.67202 FT-K M(7) = 24.5 FT-K 

AXIAL FORCE = -2.753 KIPS 

FOR THE MEMBER 3 2 
FX( 3 ) = -12.09692 KIPS 
FY( 3 ) = -27. 87728 KIPS 
M ( 3 ) = 96.73661 FT-K M(3) = 97.0 FT-K 

FX( 2 ) = 12. 09692 KIPS 
FY( 2 ) = 27.87728 KIPS 
M ( 2 ) = 72.62025 FT-K M(2) = 73.5 FT-K 

• AXIAL FORCE = -27. 877 KIPS 

FOR THE MEMBER 2 1 
FX( 2 ) - -5.04255 KIPS 
FY( 2 ) = -67.62089 KIPS 
M ( 2 ) ... 53.29854 FT-K M(2) = 48.7 FT-K 

FX( 1 ) = 5.04255 KIPS 
FY( 1 ) = 67.62089 KIPS 
M ( 1 ) = 27.38224 FT-K M(l) = 24.3 FT-K 

AXIAL FORCE = -67.621 KIPS 

FOR THE MEMBER 4 5 
FX( 4 ) ... 12.09692 KIPS 
FY( 4 ) ... -28.12272 KIPS 
M ( 4 ) ... -100.17281 FT-K M(4) =-100. 8 FT- K 

FX( 5 ) ... -12.09692 KirS 
FY( 5 ) .... 28.12272 KIPS 
M ( 5 ) = -69.18404 FT-K M(5) = -69.l FT-K 

AXIAL FORCE = 28.123 KIPS 

• 3.7-75 



• TABLE 3.7-21B (Cont'd) 

RFR'1 RFSULTS REFERENCE RESULT 

FOR THE MEMBER 5 6 
FX( 5 ) == 2.28982 KIPS 
FY( 5 ) -95.66088 KIPS 
M ( 5 ) = -24.60627 FT-K M(S) D -24.1 FT-K 

FX( 6 ) -2.28982 KIPS 
FY( 6 ) = 95.66088 KIPS 
M ( 5 ) = -12.03081 FT-K M(6) = -12.1 FT- K 

AXIAL FORCE = -95.661 KIPS 

FOR THE MEMBER 7 8 
FX( 7 ) = 2.75273 Kl PS 
FY( 7 ) ,.. -16. 71823 KIPS 
M ( 7 ) = -29.67202 FT-K M(7) = -24 .5 FT- K 

FX( 8 ) = -2.75273 KIPS 
FY( 8 ) = 16.71823 KIPS 
M ( 8 ) = -14,37167 FT-K M(8) == -12.3 FT- K 

AXIAL FORCE = -16. 718 KIPS 

• c. Sample Problem 2 
(CASE B) 

2K/£t 

• 
3.7-76 



• TABLE 3.7-21B (Cont'd) 

RFP-.:! RESULTS REFEr..r::::cE RESULTS 

FOR THE HEHBER 3 4 
FX( 3 ) = 6. 38496 KIPS 
FY( 3 ) = -2.43141 KIPS 
M ( 3 ) 28.26689 FT-K M(3) = 28.4 FT-K 

FX( 4 ) = -6.38496 KIPS 
FY( 4 ) 2.43141 KIPS 
}! ( 4 ) = 39.81273 FT-K M(4) = 39.8 FT-K 

AXIAL FORCE = -6.385 KIPS 

FOR TIIB MIDIBER 2 5 
FX( 2 ) 21. 74075 KIPS 
FY( 2 ) = -9.70459 KIPS 
M ( 2 ) = 147.89689 FT-K M(2) = 147 .17 FT- K 

FX( 5 ) = -21. 74075 KIPS 
FY( 5 ) = 9.70459 KIPS 
M ( 5 ) 123.83150 Fr-K M(5) • 124 .18 FT- K 

• 
AXIAL FORCE = -21. 741 KIPS 

FOR THE MEMBER 5 7 
FX( 5 ) = 10.35020 KIPS 
FY( 5 ) = -6.54840 KIPS 
M ( 5 ) = 59.19128 FT-K M(5) = 59.14 FT-K 

FX( 7 ) = -10.35020 KIPS 
FY( 7 ) == 6.54840 KIPS 
M ( 7 ) = 71.77667 FT-K M(7) = 72.76 FT-K 

AXIAL FORCE = -10.350 KIPS 

FOR TilE MEMBER 3 2 
FX( 3 ) -6.38496 KIPS 
FY( 3 ) == 2.43141 KIPS 
M ( 3 ) = -28.26689 FT-K M(3) = -28.42 FT- K 

FX( 2 ) = -21. 61504 KIPS 
FY( 2 ) = -2.43141 KIPS 
M ( 2 ) = -78.34363 FT-K M(2) = -78.62 FT-K 

AXIAL FORCE = 2.431 KIPS 

• 
3. 7-77 



TABLE 3.7-21B (Cont'd) 

• RFRM RESULTS REFE.RENCE RESULTS 

FOR THE MEMBER 2 1 
FX( 2 ) = -0.12571 KIPS 
FY( 2 ) = 12.13600 KIPS 
M ( 2 ) = -69.55325 FT-K M(2) =-68.55 FT-K 

FX( 1 ) = -31. 87429 KIPS 
FY( 1 ) -12.13600 KIPS 
M ( 1 ) -184.43536 FT-K M(l) =-182. 24 :n -K 

AXIAL FORCE = 12.136 KIPS 

FOR THE MEMBER 4 5 
FX( 4 ) = 6.11496 KTPS 
FY( 4 ) = -2.43141 KIPS 
M ( 4 ) = -39.81273 FT-K M(4) = -39.84 FT-K 

FX( 5 ) -6.38496 KIPS 
FY( 5 ) = 2.43141 KIPS 
M ( 5 ) -49.57675 FT-K M(5) • -49.12 FT-K 

AXIAL FORCE = -2.431 KIPS 

• FOR THE MEMBER 5 6 
FX( 5 ) = 17. 77551 KIPS 
FY( 5 ) - -5.58760 KIPS 
M ( 5 ) = -133.44603 FT-K M(5)=-134.30 FT- K 

FX( 6 ) = -17. 77551 KIPS 
FY( 6 ) = 5.58760 KIPS 
M ( 6 ) = -150.96212 FT-K M( 6)=-151. 07 FT- K 

AXIAL FORCE = -5.588 KIPS 

FOR THE MEMBER 7 8 
FX{ 7 ) = 10.35020 KIPS 
FY( 7 ) = -6.54840 KIPS 
M ( 7 ) "" -71. 77667 FT-K M(7)= -72.76 FT-K 

FX( 8 ) = -10.35020 KIPS 
FY( 8 ) ... 6.54840 KIPS 
M ( 8 ) .. -93.82657 FT-K M(8)= -95 .16 FT- K 

AXIAL FORCE • -6.548 KIPS 

• 
3.7-78 
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• 
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TA.BLE 3.7-21B (Cont'd) 

D. Sample Problem No. 3: Reference - Moment Distribution 
J.M. Gere 
Page 102 & 366 

-r· 12K 

2 B 4 D 

moment sign convention 

~+ 

RFRM RESULTS REFERENCE RESULTS 

FOR THE MEMBER 2 1 
FX( 2 ) = -2.41838 KIPS 
FY( 2 ) = -9.37467 KIPS 
M ( 2 ) = 36.27563 FT-K M(2) 36.5 FT-K 

FX( 1 ) = 2.41838 KIPS 
FY( 1 ) = 9.37467 KIPS 
M ( 1 ) 0.00000 FT-K 

AXIAL FORCE = -9.375 KIPS 

FOR THE MEMBER 2 3 
FX( 2 ) = 2.41838 KIPS 
FY( 2 ) = 9.37467 KIPS 
M ( 2 ) ... -36.27563 FT-K 

FX( 3 ) ... -2.41838 KIPS 
FY( 3 ) = 2.62533 KIPS 
M ( 3 ) = -7.03039 FT-K 

AXIAL FORCE = -6.356 KIPS 

3.7-79 



TABLE 3.7-21B (Cont'd) 

• RFR'1 RESULTS REFERENCE RESULTS 

FOR THE MEMBER 3 4 
FX( 3 ) = 2.41838 KIPS 
FY( 3 ) = -2.62533 KIPS 
M ( 3 ) = 7.03039 FT-K 

FX( 4 ) = -2.41838 KIPS 
FY( 4 ) 2.62533 KIPS 
M ( 4 ) = 21. 25242 FT-K 

AXIAL FORCE = -3.337 KIPS 

FOR THE MEMBER 4 5 
FX( 4 ) = 1. 95960 KIPS 
FY( 4 ) ... -2.25075 KIPS 
M ( 4 ) ... -29.39406 FT-K M(4) • -29.4 FT-R 

FX( 5 ) = -1. 95960 KIPS 
FY( 5 ) = 2.25075 KIPS 
M ( 5 ) = 0.00000 FT-K 

AXIAL FORCE = -2.251 KIPS 

• FOR THE MEMBER 4 6 
FX( 4 ) = 0.45877 KIPS 
FY( 4 ) = -0.37458 KIPS 
M ( 4 ) = 8.10163 FT-K 

FX( 6 ) = -0.45877 KIPS 
FY( 6 ) = 0.37458 KIPS 
M ( 6 ) = 3. 97759 FT-K 

AXIAL FORCE = -0.243 KIPS 

FOR THE ME:t-ffiER 6 7 
FX( 6 ) = 0.45877 KIPS 
FY( 6 ) = -0.37458 KIPS 
M ( 6 ) ... -3.97769 FT-K 

FX( 7 ) - -0.45877 KIPS 
FY( 7 ) - 0.37458 KIPS 
M ( 7 ) ... 6.88158 FT-K 

AXIAL FORCF. • -0.578 KIPS 

• 
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• TABLE 3.7-21B (Cont'd) 

RF~·1 RESULTS REFERENCE RESULTS 

FOR THE MEMBER t 7 8 
FX( 7 ) = o. 45877 KIPS 
FY( 7 ) = -0.37458 KIPS 
M ( 7 ) = -6.88158 FT-K M(7) = -7.0 FT-K 

FX( 8 ) = -0.45877 KIPS 
FY( 8 ) = 0.37485 KIPS 
M ( 8 ) = -0.00000 FT-K 

AXIAL FORCE = -0.375 KIPS 

• 

• 
3.7-81 
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TABLE 3.7-22 

NATURAL FREQUENCIES-AND DOMINANT DEGREES OF FREEDOM 
(Historical Data Only) SHEET 1 

Mode 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
?.4 
25 
26 
27 
29 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Note: 

Frequency 
.i£:etl ~ 
3.32 
3.32 
4.67 
4.69 
5.09 
5.11 
8.01 
8.03 
8.87 
8.89 
10.51 
10.51 
10.58 
10.70 
11. 01 
11.12 
12.14 
12.16 
19.84 
19.86 
23.06 
23.10 
23.65 
24.52 
24.56 
27.39 
27.68 
27.80 
30.27 
37.19 
39.22 
39.24 
39. 71 
41.01 
42.25 
42.84 
44.96 
49.90 
50.75 

Ril 
Ril 
M61 
M52 
M66 
M43 
M66 
M43 
M61 
M52 
SGSA & B 
SG5A & B 
M61 
M52 
M66 
M43 
RI2 
RI2 
SG9A & B 
SG9A & B 
M65 
M42 
Ril 
M60 
M51 
SG9A & B 
SGSA & B 
SGSA & R 
SG9A & B 
Vl 
SGSA & B 
SGSA & B 
M60 
M51 
M65 
M42 
Vl 
Vl 
V4 

Dominant Degrees of Freedom 

Direction 

7. 
x 
X, Y, Z 
X, Y, Z 
x, y 
x, y 
Z, X 
z, x 
Z, X 
Z, X 
x 
x 
x, y 
x, y 
X, Y, Z 
X, Y, Z 
z 
x 

·Z 
z 
z 
z 
y 
z 
z 
x 
y 
y 
x 
z 
z 
z 
x 
x 
x 
x 
x 
z 
x 

Reactor Internals 
Reactor Internals 
Pump 1A2 
Pump lBl 
Pump lAl 
Pump 1B2 
Pump lAl 
Pump 1B2 
Pump 1A2 
Pump lBl 
Steam Generators lA & lB 
Steam Generators lA & lB 
Pump 1A2 
Pump lBl 
Pump lAl 
Pump 1B2 
Reactor internals 
Reactor Internals 
Steam Generators lA & lB 
Steam Generators IA & lB 
Pump 1A1 
Pump 1B2 
Reactor Internals 
Pump 1A2 
Pump lBl 
Steam Generators lA & lB 
Steam Generators lA & lB 
Steam Generators lA & lB 
Steam Generators IA & lB 
Reactor Vessel 
Steam Generators lA & lB 
Steam Generators lA & lB 
Pump 1A2 
Pump 1Bl 
Pump lAl 
l:'i.u:np 1B2 
Reactor Vessel 
Reactor Vessel 
Reactor Vessel 

The steam generator modes (Modes 11, 12, 19, 20, 26, 27, 28, 29, 31, and 32 
of Sheet 1) have been evaluated tor a conservative decrease of two percent 
in frequency to account for the additional mass of the replacement steam 
generator. All frequency changes for other components are insignificant . 
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• Mode Frequency 
Number (cps) 

l 14. ~4 
2 61.14 

3 62.60 
4 167.82 
5 209.94 -... -~- .. -· 
6 363.3? .. 

- -
----·-.. ·-

l '5. 6'5 
" 

2 ] -:<..8? 
··--·--

3 16.42 
4 20.94 
5 24.48 
6 30.65 
7 -:cs.2-=< 
8 l 451.21 
9 69.70 
10 74.15 

• 84.56 
. 

11 
12 lC::7,6'.<. 
13 162.21 
14 179.B3 
15 206.49 
16 210.qo 
17 2s4.14 
18 293.40 - --
19 348.27 
20 403.80 
2J c:;15 .1] 

22 62-:<..61 
___ gJ_ _____ hhR "ih 

24 tS85.G4 -- .. -

25 785.8 

-- ~Q- 883.67 
_21 ___ ~§11.2 

···- --·-

,...._ 

------· --
--- - ... ~-~-·-

• 

Names 

M"l 

M5 
M5 

-·-·" 

MS 

TABLE 3.7-22 (Cont'd) 

SHEET 2 

Dominant Degrees 

Direction 

x 
y 

-
x 
x 

_.--11,L __ -- x 
1'.f? x 

-
'---

of Freedom 

Locations 

.Pressurizer 
" 
II 

II 

II 

" 

1r.c; v Suri:re Line 
Hl x. _z __ " II 

M6, R3- .. !I !I x 
Hl y " " 
H3. M7 z II " 
1,rr::: M4 y II " .v, 
r,f7. M:8 x II II 

M4. 11'5 x II II 

M'=I x. y II I! 

H3 y II II 

H3, M8 x II " 
M'5. M4 x z II II 

MS. M4 y II If 

~.<f'J v " II 
-

M7 y II II 

M7 x II II 

-
M7 y II ti 

M7 y II II 

--- _ .. 

M8, M7 y II II 

Miuvr8. MS x. Y. z II II 

M6. M4 z II II 

MS. M7 y II II 

.. M2 y 7 " " 
. M5_,_ M4 7 II II 

.~ x. z " II 

- --
.M'L z " II 

M2 y II II 

--- ·~·- .... ----· -

----- ----
-~- ...... --------

--
-- ----
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TABLE 3.7-23 
SEISMIC LOADS ON REACTOR COOLANT SYSTEM 

COMPONENTS FOR OPERATIONAL BASIS EARTHQUAKE 
(Historical Data Only) 

Seismic Load 
Seismic Component 

and Design Component Original RSG 
Excitation Location Calculated Maximum 

Maximum 

Combined Reactor Fx (kips) 60.4 62.2 
X and Y v~i:::~el 

Outlet Fy (kips} 15.2 15.7 
Nozzle 

Fz (kips} 1. 0 1. 0 and 
Reactor Mx (in-kips} 15.8 16.3 Vessel 
Outlet My {in-kips) 95.3 98.2 
Piping 

Mz {in-kips) 1267.5 1,305.5 

Reactor Fx (kips) 50.8 52.3 
Vessel 
Inlet Fy (kips) 17.9 18.4 

Nozzle 
Fz {kips) 47.4 48.8 

Mx {in-kips) 2262.8 2,330.7 

My {in-kips) 1517.0 1,562.5 

Mz (in-kips) 1876.8 l,933.1 

Combined Reactor Fx {kips) 16.9 17.4 
Zand Y Vessel 

Outlet Fy (kips} 2.4 2.5 
Nozzle 

Fz (kips) 6.4 6.6 and 
Reactor Mx (in-kips} 150.0 154.5 
Vessel 
Outlet My (in-kips) 800.0 824.0 
Piping 

Mz (in-kips) 244.4 251. 7 

Reactor Fx (kips) 29.7 30.6 
Vessel 
Inlet Fy (kips) 12.4 12.8 

Nozzle Fz (kip:;) 29.8 30.7 

Mx (in-kips) 1874.8 1,931.0 

My (in-kips) 731.1 753.0 

Mz (in-kips) 1548.9 1,595.4 

Specified 
for Design 

241.0 

253.0 

10.0 

1042.0 

1041. 0 

.:13733.0 

190.0 

146.0 

57.0 

9638.0 

5981. 0 

12770.0 

30.0 

172.0 

40.0 

1170.0 

7521. 0 

37446.0 

61. 0 

105.0 

108.0 

22392.0 

10085.0 

14087.0 

~: All original calculated maximum load::;; ho.v<:: Lt:en evaluated for o. conservative 
increase of three percent, except for the steam generator upper support which has 
been evaluated for a conservative increase of eight percent, to account for the 
increase in mass and center of gravity of the replacement steam generator. These 
conservatively increased loads are given in the RSG Maximum column of this table. 
These values show that the seismic loads remained below the bounding specified for 
design loads with the replacement steam generators . 
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• 
Component 

Seismic and 
Excitation Design 

Location 

Combined Steam 
X and Y Generator 

Inlet 
Nozzle 

and 
Steam 

Generator 
Inlet 
Piping 

Steam 
Generator 

Outlet 
Nozzle 

• Combined Steam 
Z and Y Generator 

Inlet 
Nozzle 

and 
St:Parn 

Generator 
Inlet 
Piping 

Steam 
Generator 

Outlet 
Nozzle 

-····· 

• 

TABLE 3.7-23 (Cont'd) 
SHEET 2 

Component Original 
Calculated 

Maximum 

F:x (kip:::;) 60.9 

Fy (kips) 52.7 

Fz (kips) 1.0 

Mx (in-kips) 73.8 

My (in-kips) 85.8 

Mz ( in-J<;:ips) 695.8 

Fx (kips) 26.4 

Fy (kips) 31. 7 

Fz (kips) 26.4 

Mx (in-kips) 3018.3 

My (in-kips) 2708.2 

Mz (in-kips) 3018.3 

Fx (kips) 17.0 

Fy (kips) 15.2 

Fz (kips) 6.4 

Mx (in-kips) 356.5 

My (in-kips) 381.6 

Mz (in-kips) 63.4 

Fx (kips) 27.8 

Fy (kips) 22.0 

Fz (kips) 27.8 

Mx (in-kips) 1866.0 

My (in-kips) 1586.4 

Mz (in-kips) 1866.0 

Seismic Load 

RSG Specified 
Maximum for 

Design 

62.7 119.0 

54.3 68.0 

1.0 4.0 

76.0 743.0 

88.4 708.0 

716. 7 16828.0 

27.2 30.0 

32.7 134.0 

27.2 33.0 

3,108.8 1:2955.0 

2,789.4 3161.0 

3,108.8 6686.0 

17.5 27.0 

15.7 149.0 

6.6 7.0 

367.2 575.0 

393.0 3793.0 

65.3 11206.0 

28.6 30.0 

22.7 93.0 

28.6 119. 0 

1,922.0 6467.0 

1,634.0 4251.0 

1,922.0 7140.0 
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• 
Component 

Seismic and 
Excitation Design 

Location 
"~" -~-

Combined Reactor 
X and Y Coolant 

Pump 
Inlet 

Nozzle 

Reactor 
Coolant 

Pump 
Outlet 
Nozzle 

• 
Com.biniad Reactor 
Z and Y Coolant 

Pump 
Inlet 

Nozzle 

Reactor 
Coolant 

Pump 
Outlet 
Nozzle 

• 

TABLE 3.7-23 (Cont'd) 

SHEET 3 

Component Original 
Calculated 

Maximum 

Fx (kips) 10.7 

Fy (kips) 31. 7 

Fz (kips) 4.5 

Mx (in-kips) 1181.1 

My (in-kips) 707.6 

Mz (in-kips) 3357.1 

Fx (kips) 51.0 

Fy (kips) 17.2 

l"Z (kips) 37.8 

Mx (in-kips) 1347.2 

My (in kips) 2180.3 

Mz (in-kips) 2300.8 

F''.IC (kips) 15.3 

Fy (kips) 21.9 

Fz (kips) 11. 6 

Mx (in-kips) 938.6 

My (in-kips) 768.0 

Mz (in-kips) 2451.3 

Fx (kips) 29.8 

Fy (kips) 12.4 

Fz (kips) 19.7 

Mx (,.,...,_'Ir~.:;;-) 839.2 

My (in-kips) 1031.1 

Mz (in-kips) 1262.0 

Seismic Load 

RSG Specified 
Maximum for 

Design 

11.0 78.2 

32.7 137.0 

4.6 37.9 

1,216.5 5713 .2 

728.8 4976.0 

3,457.8 16461.0 

52.5 199.3 

17.7 145.9 

38.9 40.0 

1,387.6 3989.0 

2,215.7 85S3. 9 

2,369.8 16658.0 

15.8 39.1 

22.6 94.9 

11. 9 109.9 

966.8 11173.0 

791.0 11862.0 

2,524.8 8334.1 

30.7 125.1 

12.8 91.4 

20 .3 94.9 

864.4 17532.0 

1,062.0 1100. 0 

1,299.9 63:n. u 
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•• TABLE 3.7-23 (Cont'd) 

Sheet 4 

Component Seismic Load 

Seismic and Component Original Excitation Design RSG Specified 
Location Calculated Maximum for 

Maximum Design 

Corn:bim::iu St.ed.l:u M {in-kips) 3323.6 3,423.3 12000.0 
X and Y Generator 

Outlet 
Piping 

Steam M (in-kips) 2235.1 2,302.2 12000.0 
Generator 

Outlet 
Piping 

Pump M (in-kips) 1794.0 1,847.8 12000.0 
Inlet 

Piping 

Pump M (in-kips) 3628.1 3,736.9 12000.0 
Inlet 
Piping 

Pump M (in-kips) 2955.1 3,043.8 12000.0 

• Outlet 
Piping 

R.V. M (in-kips) 2636.1 2 I 715 • 2 12000.0 
Inlet 

Piping 

Combined Steam M (in-kips) 1974.1 2,033.3 12000.0 
Z and Y Generator 

Outlet 
Piping 

Steam M (in-kips) 1537.8 1,583.9 12000.0 
Generator 

Outlet 
Piping 

Pump M (in-kips) 1193.5 1, 229 .3 12000 n 
Inlet 
Piping 

Pump M (in-kips) 2627.3 2,706.1 12000.0 
Inlet 

Piping 

Pump M (in-kip!":) nm?. 1,'iS7.7 12000.0 
Outlet 
Piping 

R.V. M ( ~ ~- 'k--1_::;'~) 1952.8 2,011.4 12000.0 
Inlet 

Piping 
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• 
Component 

Seismic and 
Excitation Design 

Location 

Combined Reactor 
X and Y Vessel 

Outlet 
Support 

Reactor 
Vessel 
Inlet 

Support 

Steam 
Generator 

Lower 
Support 

Steam 
Generator 

• Upper 
Support 

Pressur-
izer 

Support 

Reactor 
Coolant 

Pump 
Vertical 
Support 

Reactor 
Coolant 

Pump 
Horiz. 
Support 

• 

TABLE 3.7-23 (Cont'd) 
Sheet 5 

Component Original 
Calculated 

Maximum 

H (kips) 5.9 

v (kips) 214.7 

H (kips) 261.3 

v (kips) 122.7 

Fy (kips} 1S7 .5 

Fz (kips) 44.8 

M.x (in-kips) 0.1 

My (in-kips) 156.5 

Mz (in-kips) 2700.2 

Fx (kips) 123.4 

Fx (kips) 22.2 

Fy (kips) 24.6 

Mz (in-kips) 5681. 8 

Fy (kips) 1.1 

Fa (kips) 5.6 

Seismic Load 

RSG Specified 
Maximum for 

Design 

6.1 22.0 

221.l 47.3.0 

269.1 1052.0 

126.4 469.0 

193.1 62.:l. O 

46.1 54.0 

0.1 21.0 

161.2 455.0 

2 781.2 24383.0 
-· 

133.3 140.0 

22.9 82.5 

2'.i.3 80.7 

5,852.3 17207.4 

1.1 ,a,_ 6 

5.8 25.0 

3.7-88 Amendment No. 16, (1/98) 



• 
Cumponent 

Seismic and 
Excitation Design 

Location 

Combined Reactor 
z and Y Vessel 

Outlet 
Support 

Reactor 
Vessel 
Inlet 

Support 

Steam 
Generator 

Lower 
Support 

Steam 
Generator 

• Upper 
Support 

Pressur-
izer 

Support 

Reactor 
Coolant 

Pump 
Vertical 
Support 

Reactor 
Coolant 

Pump 
Horiz. 
Support 

• 

TABLE 3.7-23 (Cont'd) 
Sheet 6 

Component Original 
Calculated 

Maximum 

H (kips) 257.5 

v (kips) 37.7 

H (kips) 134.4 

v (kips) 177 .3 

Fy (kips) 172.9 

Fz (kips) 81.6 

Mx (in-kips) 5019.2 

My (in-kips) 722.4 

Mz (in-kips) 0.3 --

Fz (kips) 64.6 

Fx (kips) 24.6 

Fy (kips) 22.2 

Mx (in-kips) 5681.8 

Fy. (kips) 0 7 

Fa (kips) 18.9 

Seismic Load 

RSG Specified 
Maximum for 

Design 

265.2 663.0 

38.8 392.0 

138.4 304.0 

182.6 692.0 

17!L1 40S.O 

84.0 397.0 

5,169.8 24422.0 

744.1 9772. 0 

0.3 4132.0 

69.8 240.0 

25.3 80.6 

22.9 82.9 

5,852.3 17101. 5 

0 7 9.2 

19.5 25.0 
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TABLE 3. 7-24 

REACTOR INTERNALS AND CORE: LOAD AND STRESS CRITERIA 

PLANT CONDITION 
Upset 

Emergency 

Faulted 

LOAD COMBINATION 
Normal Operating + 
Operating Basis Earthqua~e 

Normal Operating + 
Design Basis Earttquake 

Normal Operating + Safe 
Design Basis + Loss 
of Coolant Accident 

Pm = general primary membrane stress 

PB = primary bending stress 

S = maxinum allowable stress as defined by the ASME Code. 
m 

APPLICABLE 
COMPONENT 
Internals 

Core 

Internals 

Core 

Internals 

• 
STRESS LIMITS 
Figure NG 3221.1 
including notes 

p < s 
m - m 

P + PM< 1.5 S B - m 

Figure NG 3224.1 
including notes 

p < 1.5 s 
m- m 

PB+P <2,25S m- m 

Appendix F Rules 
for Evaluating 
Faulted Conditions 

The maximum allowable stresses of components composed of materials not covered by the code with the 
exception of zirconium based alloys, shall be calc-Jlated as directed by Section III, ASME Boiler and 
Pressure Vessel Code for materials of similar properties. The rnaximun allowable stresses, Sm, of zirco
nium based alloys shall not exceed two-thirds of tie unirradiated minimum yield strength at temperature. 
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TABLE 3.7-25 

NATURAL FREQUENCIES FOR 

VERTICAL SEISMIC ANALYSIS MATHEMATICAL MODEL 

(Historical Data Only) 

Mode No. 

1 
2 
3 

Frequency, cps 

Sub-Model I 

21.60 
67.75 

124.59 

Sub-Mode 1 II 

72.98 
404.09 

3.7-92 Am. 3-7 /85 



• • 
(Historical Data Only) 

Structural 
Component 

Core Support Barrel 

Lower Core Support 
Structure Grid Beam 

CEA Shrouds 
Single & 
Dual 

Upper Grid Beams 

Upper Guide 
Structure Flange 

• • 
TABLE 3.7-26 

SEISMIC STRESSES IN CRITICAL REACTOR INTERNALS COMPONENTS 
FOR THE DESIGN BASIS EARTHQUAKE 

Location 

Upper Section 
of Barrel 

Beam Flange 

End of Shroud 

Center of Beam 

Junction of Flange 
& Barrel Cylinder 

Stress ~ode 

Tension & Bending 

Bending 

Tension & Bending 

Bending 

Tension & Bending 

3. 7-93 

Design 
Load Stress 

1,129 psi 

5,278 psi 

3,548 psi 
2,762 psi 

1,652 psi 

2,823 psi 

• 
Dynamic 

Analysis Stress 

907 psi 

686 psi 

1, 771 psi 
1,729 psi 

222 psi 

161 psi 

Am. 3-7/85 
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TABLE 3.7-27 

SUMMARY OF FLOOR RESPONSE SPECTRA DATA 

Design Periods of Piping 

1st Mode 2nd Mode 
Period Period 

Structure J)irection (Sec) (Sec) 

Reactor Hor. 0.76 0.29 
Building Vert. 0.50 

Reactor Hor. E-W 0.45 0.24 
Auxiliary Hor. N-S 0.76 0.22 

Building Vert. El. 82. 0 0.32 0.25 
Vert. -Others 0. 57 0.33 

70% of 
Minimum 
2nd Mode 
Period 
(Sec) 

0.20 

o. 15 

Design Accelerations Based on Design Periods (0.20 & 0.15 Resp.) 

1. 5 x Design 
Structure Direction ~· Max. Acc.* Max. Acc.** Acc. For 

(g) (g) OBE 

Reactor Hor. 68.5 0.26 0.39 0.39 
Hor. 60.0 0.25 0.37 0.37 

Building Hor. 44.0 0.27 0.40 0.40 
Hor. 24.0 0.28 0.43 0.43 
Hor. 18.0 0.32 0.49 0.49 
Vert. All 0.13 0.20 0.20 

·Reactor Hor. E-W 82.0 0.31 0.46 0.46 
Hor. N-S 82.·o 0.27 0.46 

Auxiliary Hor. E-W 62.0 0.23 0.35 0.35 
Building Hor. N-S 62.0 0.15 0.35 

Hor. E-W 43.0 0.20 0.31 0.31 
Hor. N-S 43.0 0.13 0.31 
Hor. E-W 19.5 0.21 0.35 
Hor. N-S 19.5 0.23 0.35 0.35 
Hor. E-W -0.5 0.23 0.52 
Hor. N-S -0.5 0.34 0.52 0.52 

Vert. 82.0 0.,0 01• 75 0.75 
Vert. Others 0.40 0.60 0.60 

*For Periods from 0 to Design Period of Piping 
**Selecting the Higher of E-W or N-S Horizontal Acceleration for Each Elevation 

3.7-94 

Design 
Period 
(Sec) 

0.20 
0. 20 

0.15 
0.15 
0.15 
0.15 

Design 
Acc . For 

DBE 

0. 78 
0. 74 
0.80 
0.86 
0.98 
0.40 

0.92 
0.92 
0. 70 
0. 70 
0.62 
0.62 
0. 70 
0. 70 
1. 04 
1. 04 
l. so 
1. 20 
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TABLE 3.7-28 

RESULTS OF SAMPLE PIPING SYSTEMS ANALYSIS 

Examples of Locating Restraints for a Preset Design Period 

Preset 
Sample Pipe Design Actual 

Problem Size Material Period Period 
~) (sec) 

No. 1 2" Stn. St. 0 .. 20 0.174 

No. 2 12" Stn. St. 0.15 0.142 

No. 3 8" Carb. St. 0.15 O. ll5 

w 

~ Examples of Conservatism in the 1. 5 Participation Factor 
\D 
\JI 

Static analysis with 
Full Re.!r.onse Loads 

Sample Pipe No. of Period Acc. 

Problem Size Material Modes ~~~ej 
Per 

~~1e 
No. 4 8" Carb. St. 6 0.173 to 0. 098 1.0 

No. 5 14" Carb. St. 5 0.155 to 0.091 1.0 

No. 6 18" Carb. St. 6 0.195 to 0.085 1.0 

*Factor of Conservatism • Max. Stress by Direct Static Analysis 
Max. Stress by Full Response Analysis 

Max. 
S{resJ ps1 

1639 
292 

4409 
4403 
2190 
5296 

~ 

Direct Static 
Anal!!!_s __ 

Factor 
of 

Max eonserv-
Dir. ~ 8C&~n Dir. athm·-

X-Y 1. 5 8372 X-Y 5.11 
Y-Z 1968 Y-Z 6.74 
X-Y 1. 5 8775 X-Y 1. 99 
x-z 6624 Y-Z 1. 50 
X-Y l. 5 5880 X-Y 2.68 
Y-Z 9107 Y-Z l. 72 
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FLORIDA POWER & LIGHT COMPANY 

ST. LUCIE PLANT 

S EARTHQUAKE 
OPERATING BA(~OUSNER) SPECTRUM DESIGN RESPONSE 

FIGURE 3.7-l 
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RELATIVE 
INTENSITY 

OF 
ACCELEROGRAM 

0 

INPUT PARAMETERS 

I. EXPECTED DURATION OF EARTHQUAKE MOTION ASSUMED TO BE 
20 SECONDS IN EACH TRIAL. 

2. EXPECTED MAXIMUM GROUND ACCELERATION RANGED FROM 0.04 g 

ro o. 10 g DEPENDING UPON THE COMPUTER RUN. 

3. SHAPE OF THE POWER SPECTRAL DENSITY FUNCTION: 

TRIAL# I WAS BASED ON THE TAJIMI FUNCTION WITH JENNING'$ 
CONSTANTS. 

TRIAL# 2 WAS A SLIGHT MODIFICATION OF THE TAJIMI FUNCTION. 

4. SHAPE OF THE INTENSITY FUNCTION WAS THE SAME IN ALL 
TRIALS. 

2 7 

TIME (SECONDS) 

20 

FLORIDA POWER 8: LIGHT COMPANY 

ST. LUCIE PLANT 

SYNTHETIC EARTHQUAKE 
INTENSITY FUNCTION 

FIGURE 3.7·3 
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u 
0 

~ 
0) 
> -_g 
Q) 

=r: 

NOTE: 
THIS SPECTRA IS FOR QBE.DOUBLE 
ACCELERATION VALUES FOR DBE. 

0.3 0.5 0.7 

Period (sec.) 

HOUSNER 

FLORIOA POWE:.R ~LIGHT COMPANY 

ST. LUCIE PLA1'T UNIT 1 

COMPARISON OF TIME HISTORY 
AND HOUSNER RESPONSE SPECTRA 

FIGU 
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MASS I ... 10 SH I E-LD STRUCTUIU· 

11 ... ?O STH·L CO~TAIJ..IMHJT 

21 ... 24 NH~i..JAL. 5TRUCTUI''° 

DIAMHER o~ F-Dl-.1 r IC,O~O 

FLORIDA POWER & LIGHT COMPANY 

ST. LUCIE PLANT 

REACTOR BUILDING HORIZONTAL 
MATHEMATICAL MODEL 

FIGURE 3.7·5 
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3.8 DESIGN OF STRUCTURES 
 
3.8.1 SEISMIC CLASS I STRUCTURES OTHER THAN CONTAINMENT  
 
3.8.1.1 Design Bases and Description 
 
3.8.1.1.1 Reactor Auxiliary Building 
 
The reactor auxiliary building is a reinforced concrete structure with cast-in-place concrete exterior 
walls.  The interior floor construction is of beam and girder construction supported by reinforced 
concrete columns.  All interior shielding walls are either solid concrete block of reinforced 
construction, or reinforced concrete. 
 
The reactor auxiliary building is a seismic Class I structure and houses the waste treatment facilities, 
engineered safety features, switchgear, laboratories, offices, and control room.  It further provides 
protection to the cable and piping penetration areas of the reactor building.  The building exterior 
walls, floors and interior partitions are designed to provide plant personnel with the necessary 
biological radiation shielding and protect the equipment inside from the effects of adverse 
atmospheric conditions including tornado and hurricane, winds, temperature, missiles and external 
flooding.  The reactor auxiliary building general arrangement is shown on Figures 1.2-12 through 
1.2-17. 
 
3.8.1.1.2 Fuel Handling Building and Cask Handling Crane Support Structure  
 
The fuel handling building is a reinforced concrete structure enclosing the spent fuel pool, cask pit  
and support equipment.  The spent fuel pool and contiguous cask pit are a single cast-in-place steel-  
lined reinforced concrete tank structure that provides space for underwater storage of spent fuel, a  
spent fuel cask, and miscellaneous items.  The remainder of the fuel handling building consists of 
cast-in-place concrete exterior walls with interior walls which are reinforced concrete construction.  
The floors and roof are of beam and girder construction supported by columns.  The fuel handling 
building houses heating and ventilating equipment, the fuel pool heat exchanger, fuel pool filter, fuel  
pool cooling pumps, and fuel pool purification pump.  In addition, the fuel handling building provides 
an area for cask loading and space for the storage of new fuel and a decontamination area for the 
spent fuel cask and miscellaneous equipment.  Attached to the north outside wall of the fuel handling 
building, the Cask Handling Facility provides an area where spent fuel casks are prepared for dry 
storage.  The casks are drained, sealed, and inerted with helium before being transferred to the 
Horizontal Storage Module (HSM) for storage. 
 
The outdoor cask handling crane located above the FHB roof is capable of hoisting a spent fuel cask  
through a roof opening that is normally covered by an L-shaped door directly above the cask pit in the  
northeast corner of the FHB.  The crane's external runways and steel frame structure are supported  
by the FHB roof and east exterior wall, as well as by columns on concrete foundations at the grade  
elevation.   
 
Both the fuel handling building and cask handling crane support structure are designed as seismic 
Class I structures.  The building exterior walls, floors, and interior partitions are designed to provide 
plant personnel with the necessary biological radiation shielding and protect the equipment inside 
from the effects of adverse atmospheric conditions including tornado and hurricane winds, high  
temperature, external missiles, and flooding.  The fuel handling building general arrangement is 
shown on Figures 1.2-18 and 1.2-19. 
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3.8.1.1.3 Diesel Generator Building 
 
The diesel generator building is a reinforced concrete structure housing duplicate diesel generator 
units, each separated from the other by a reinforced concrete wall.  The fuel supply is maintained in 
tanks located a short distance from the building. 
 
The diesel generator building consists of a common reinforced base mat, exterior walls and concrete 
roof.  A single interior wall will separate the duplicate units.  The diesel generator sets are supported 
on a pedestal on the base mat. 
 
The diesel generator building is designed as a seismic Class I structure.  The building exterior walls 
and roof are designed to protect the equipment inside from the effects of adverse atmospheric 
conditions including tornado and hurricane winds, missiles and flooding.  The structure openings are 
also designed to protect against tornado debris (see Appendix 3F). 

3.8.1.1.4 Intake Structure 
 
The intake structure is a reinforced concrete structure containing the circulating water pumps and the 
intake cooling water pumps.  The structure consists of a base mat founded wholly in Class I fill, 
exterior walls braced internally to the bay walls and an operating deck.  The mechanical valve pit is 
located to the north.  Water enters the structure through four submerged openings, passes through 
traveling screens before entering the rear of the structure where the various pumps are located.  The 
intake structure is serviced by a 45 ton capacity bridge crane. 
 
Seismic Class I retaining walls to the north and south of the intake structure provide support for the fill 
in their respective areas in addition to providing foundations for the bridge crane. 
 
The intake structure is designed as a seismic Class I structure.  The structure, with associated 
retaining walls, provides support for the intake cooling water pumps and piping and bridge crane.  
The structure is designed to withstand seismic, tornado, missile and hurricane loadings and flooding. 

3.8.1.1.5 Ultimate Heat Sink Dam (Barrier Wall) 
 
The dam is a reinforced concrete buttressed retaining wall which extends across the ultimate heat 
sink canal connecting Big Mud Creek to the intake canal.  Its function is to separate the waters of Big 
Mud Creek from the intake canal during normal operation, and through valved openings, provides an  
alternative source of cooling water in the unlikely event that the ocean intake becomes unavailable.  
 
The dam is a Seismic Class I structure designed to withstand OBE, DBE, Tornado (components 
enclosed by 2' concrete), missiles and PMH loadings.  The foundation of the dam is at elevation -20.0 
and is resting on approximately 6 feet of compacted Class I backfill.  A steel sheet piling cut off wall 
driven to bottom elevation -34.0 prevents any underseepage. 
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The Barrier wall is to be constructed in the dry with the excavation protected by earthen dikes and 
de-watered by a well point system.  
 
The seismic analysis of the Barrier wall has been made with a three lumped mass spring model 
similar to the analysis used for other structures as discussed in Section 3.7 but using methodology 
specified in Section 3.8.1.7.5. 
 
 
3.8.1.2  Design Codes  
 
The reactor auxiliary building, fuel handling building, diesel generator building and intake structure are 
designed in accordance with the "ACI Standard Building Code Requirements for Reinforced 
Concrete" ACI 318-63 Part IVB, Ultimate Strength Design.  No concrete structure was designed to 
ACI 318-71 since this code did not exist at the time the plant construction permit was granted. 
 
Design, fabrication and erection of structural steel is in accordance with AISC "Specification for the 
Design, Fabrication and Erection of Structural Steel for Buildings," 1969 and the "Code of Standard 
Practices 
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for Steel Buildings and Bridges", July 1970.  All steel shall be ASTM A36, unless noted. 

3.8.1.3 Materials, Quality Control and Special Construction 
 Techniques 
 
The materials used in all reinforced concrete structures met the following requirements:  At start of 
construction and, except as noted within the Ebasco Concrete Specification No. 8770.473, as these 
and all other applicable ASTM Standards were revised, the latest revisions were followed. 

a) Concrete 
 
The aggregate as a minimum conforms to all the requirements of "Specification for Concrete 
Aggregates" ASTM-C33-67.  The hardness, weight, strength, durability and reactivity as well as 
gradation must the satisfactory and fall within the limits established for a good grade of concrete.  
Mixing water is required to pass ACI 318-63 requirements. 
 
Concrete test mixes are determined using the same materials being furnished for the job.  Test 
cylinders are prepared and tested with results studied when 7 and 28 days old. 
 
Air entraining agents ate used.  Retarding agents are added when field construction conditions make 
it desirable.  Air entraining admixtures conform to ASTM-C 260-68.  Retarding agents conform to 
ASTM-C 494-68.   
In no case is calcium chloride used in admixture. 

b) Reinforcing Steel 
 
All required reinforcing is new billet steel accordance with ASTM A615-68. Mill tests results are 
obtained from the reinforcing steel supplier for each heat of steel to show proof that the reinforcing 
steel has the specified composition, strength and ductility.  All reinforcing steel is shipped to, the job 
in bundles bearing a tag identifying its size, grade and code number keyed to heat numbers.  This 
information is verified by certified mill test reports which accompany each shipment of reinforcing 
steel.  Bars No. 11 and smaller are lap spliced in accordance with ACI-318-71, section 805.  
 
Cadweld splices are not used if alternative design or construction is available.  If cadweld splices are 
needed, all-such splices are made in accordance with the requirements of Regulatory Guide 1.10. 
Approximately 550 mechanical splices (cadwelds) were used for the vertical reinforcing of the steam 
generator shield walls at elevation + 62.0 in the reactor building.  

c) Welding Materials 
 
A variety of filler metals were used in welding the various base metals required for plant construction.  
The weld rods used for each base metal, and the welding process used are listed below. 
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BASE METAL FILLER METAL WELDING PROCESS 

A516 Gr7O-A300 E7018 Shielded Metal Arc 
(ASME P- 1) 

A516 Gr 70-A300 RACO Med. MnMo Submerged Arc 
(ASME P-1) F74 Flux 
 E7018 Handpass Shielded Metal Arc 

A516 Gr 70-A300 E70 T-1 CO2 Gas Gas Metal Arc 
(ASME P-1)        With 
 E7018 Handpass Shielded Metal Arc 

A516 Gr 70-A300 EK12K & F72 Flux Submerged Arc 
(ASME P-1) E7018 Handpass Shielded Metal Arc 

INCO 182 
(ASME P-43) E NiCr Fe-3 Shielded Metal Arc 
Overlay on A516 
Gr 70 
Welded together 

SB168 (Inconel) E NiCr Fe-3 Shielded Metal Arc 
(ASME P-43) to 
A516 Gr 70 

SA333 Gr 1 to E309 Shielded Metal Arc 
SA312 type 304 

A516 Gr 70-A300 E70T-G Gas Metal Arc 
(ASME P-1) 

A516 Gr 70-A300 EM12k & F72 Flux Submerged Arc 
(ASME P-1) 

A516 Gr 70-A300 E70 T-1/CO2 Gas Gas Metal Arc 
(ASME P-1) 
 E7018 Shielded Metal Arc 

A240 Tp 304 E308L Shielded Metal Arc 
(ASME P-8) 

A333 Gr 1 E70S-2 Gas Tungsten Arc 
(ASME P-1) E7018 Shielded Metal Arc 

A312 Tp 304 ER308L Gas Tungsten Arc 
(ASME P-8) 

A516 Gr 70-A300 E7018 Shielded Metal Arc 
(ASHE P-1) EK12k Submerged Arc 

A516 Gr 70-A300 E70T-1 Gas Metal Arc 
(ASME P-1) EM12k Submerged Arc 

A333 Gr 1 E7018 Shielded Metal Arc 
(ASME P-1) 
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3.8.1.4 Design Loads 
 
Loadings included in the design of the reactor auxiliary building, fuel handling building, diesel 
generator building and intake structure are as follows: 

a) Structural Dead Load (D) 

 Dead Load consists of the dead weight of the concrete structure, superstructure, walls and 
miscellaneous building items within the building. 

 Specific weights for dead load calculations are as follows: 

1 -- Concrete  : 138 lb/cu ft 

2 -- Reinforcing Steel : as specified in ASTM A615 

3 -- Structural Steel : 489 lb/cu ft 

b) Live Load (L) 

Live loads are set to assure a structure sufficiently strong under normal operation to support 
equipment, random temporary load conditions for maintenance, and to assure structural 
adequacy for normal or construction loading.  

c) Equipment Load (L') 

Equipment Load is the load imposed by the equipment at rest.  

d) Wind (Hu) 

194 mph wind ASCE Paper No. 3269 

e) Tornado (W) 

The simultaneous occurrence of the following:  

1 -  Wind:  300 mph wind uniform with height distribution in accordance with  
ASCE Paper No. 3269 

2 -  Pressure: 2.25 psi equivalent internal pressure (nonimpact).  

f) Operating Pipe Anchor Load (A) 

6000 lb horizontal thrust applied at any point on a vertical exterior wall or on floors, walls, and 
roof of pipe chase. 

 
 
 
 
 
 
 
 
 
 
 
 
 3.8-6 Amendment No. 22 (05/07) 



 

 

g) Pipe Accident Load (R)  
 

1 -  Pipe rupture loads include a dynamic factor of 2.0 for piping 2 1/2 inches or more and 3.0 for 
piping 2 inches or less. 

 
2 -  Pipe restraint 30,000 lb in critical areas of reactor auxiliary building (RAB).  
 
3 -  Pipe Tunnel: 1 psi pressure differential. RAB pipe tunnel only. 
 
4 -  Piping Penetration Area: 1 psi pressure differential. RAB. 
 
5 -  Pipe Anchor: 8000 lb per anchor point 
 

h) Design Basis Earthquake (DBE)  
 
 DBE Base Ground Acceleration 0.10 g  
 
i) Operating Basis Earthquake (OBE)  
 
 OBE Base Ground Acceleration 0.05 g  
 
j) Buoyancy (B)  
 

Displacement of groundwater.  
 

k) Thermal (T)  
 

The load induced by normal thermal gradients existing across the walls between the building 
interior and the ambient external environment.  The conditions are: 
 
1 - Summer 
 

a - Interior sustained air temperature:  74-104 F 
 
b - Exterior sustained air temperature:  93 F  
 
c - Exterior sustained soil temperature:  70 F  
 

2 - Winter 
 

a - Interior sustained air temperature:  50-80 F 
 
b - Exterior sustained air temperature:  32 F  
 
c - Exterior sustained soil temperature:  70 F 
 

For all cases, an "as constructed" concrete temperature is assumed at 70 F. 
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l) External Missiles (M)  

External structures are designed to withstand without perforation the impact of high velocity 
external missiles as might occur during the passage of a tornado. Representative missiles 
considered in the design are discussed in Section 3.5.2.2. 

m) Earth (S)  

1 - Unit weight dry earth - 105 pcf 

2 - Unit weight saturated earth - 125 pcf  

3 - Unit weight submerged earth - 60 pcf  

4 - Horizontal earth pressure 

a - Active Ka - 0.3  

b - Passive Kp - 3.0 

5 - Under earthquake, earth load shall be considered as maximum passive earth pressure. 

3.8.1.5 Load Combinations 

The following load combinations are used in the design of the reactor auxiliary building, fuel handling 
building, diesel generator building and intake structure: 

a) Normal Operation 

 U = 1.5 (D+T+S) + 1.8 (L+A) +1.0B 

b) Operating Basis Earthquake 

 U = 1.25 (D+T+L' + 0.2L+A+OBE+S) +1.0B  

 U = 0.9 (D+T+L'+S) +1.1OBE + 1.0B 

C) Design Hurricane 

 U = 1.25 (D+T+L' +0.2L + A +Hu + S) + 1.0B  

 U = 0.9 (D+T+L'+S) + 1.1 (Hu + B) 

d) Design Basis Earthquake 

 U = (1.0 ± 0.05) (D+T+L' + 0.2L) + 1.0 (A+R+DBE+ S+B)  

 Where uplift is critical, the live load is omitted. 

e) Tornado 

 U = (1.0 ± 0.05) (D+T+L' +0.2L) +1.0 (A+W+M+S+B)  

 Where uplift is critical, the live load is omitted. 

f) Accident 

 U = (1.0 ± 0.05) (D+T+L'+O.2L+A+S) + 1.0R + 1.0B 
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3.8.1.6 Design Stress Limits 
 
Using the factored load combinations as defined in Section 3.8.1.5, the various components have the 
required load capacity when the stresses in them do not exceed the yield strength of the materials 
used. 
 
The yield capacity of all load carrying structural elements is reduced by a yield capacity reduction 
factor (Φ) as given below. This factor will provide for the possibility that small adverse variations in 
material strengths, workmanship, dimensions, control, and degree of supervision while individually 
within required tolerance and the limits of good practice, occasionally may combine to result in 
undercapacity. The yield reduction factors are as follows: 

a)  Flexure Φ = 0.90 

b)  Flexure at lapped reinforcing bars Φ = 0.85 

c) Diagonal tension Φ = 0.85 

d) Bond and anchorage = 0.85 

e) Spirally reinforced compression members Φ = 0.75 

f) Axial tension Φ = 0.90 

g) Tied compression members Φ = 0.80 

h) Axial tension at lapped reinforcing bars Φ = 0.85 

i) Axial tension at mechanically spliced reinforcing bars Φ = 0.90 
 
The capacities of all sections are computed in accordance with ACI 318-63 Part IV-B Ultimate 
Strength Design. For tornado loadings, a concrete stress intensity of 0.75 f'c is used at ultimate 
strength instead of 0.85 f'c specified in ACI 318-63. 
 
All reinforced concrete structures including Class I structures were designed using the ultimate 
strength design methods of ACI 318-63. The maximum concrete strain at the extreme compression 
fiber was limited to 0.003 under factored loads. All deflections were controlled in accordance with 
Section 1507 of the above mentioned codes. 
 
Steel framing and anchorages were designed to resist increased pipe break loads and thermal loads, 
where applicable. Allowable steel stress was taken as 90 percent of yield stress. 
 
The shield structure and the reactor interior structure were analyzed by computer programs assuming 
linear and elastic behavior of the concrete section. The computer results indicated that no permanent 
deformation of structures will take place under all factored loads. 
 
3.8.1.7 Design Analysis Methods 
 
The reactor auxiliary building, fuel handling building, intake structure and diesel generator building are 
analyzed for the load combinations given in Section 3.8.1.5 in accordance with the ultimate strength 
design (USD) methods of ACI-318-63. Details of the seismic analysis of these structures are given in 
Section 3.7.2. 
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The ultimate strength method of the ACI 318-63 code is used for the design of the concrete 
foundations. All foundations and supports carrying seismic Class I components are seismic Class I. 
 
The specific load combinations used for foundations are: 

1.0 (D + T) + 1.0 LOCA + 1.0 DBE 

1.0 (D + T) + 1.0 W 
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The FRAN (FRame ANalysis) program has been used in analyzing the reactor auxiliary building, fuel 
handling building, intake structure and diesel generator building. FRAN is a computer program which 
can completely analyze all types of elastic, statically loaded, three dimensional structures having 
slender members. The member connections can be rigid, semirigid or free (simple beam). Outputs of 
bending moments, end forces, joint displacements and member distortions can be obtained from 
FRAN when inputs of loads, coordinates of all joints and members with their structural properties and 
end conditions are supplied. The structural analysis is based on double precision stiffness matrix 
manipulations. 
 
3.8.1.7.1 Reactor Auxiliary Building  
 
a)   Mat 
 
The foundation mat is designed as a series of two-way slabs between column lines in accordance 
with ACI 318-63 Appendix A, Design of Two-Way Slabs. 
 
b)  Columns 
 
Columns are designed as columns in accordance with ACI 318-63 code, 
Chapter 19, Combined Axial Compression and Bending, USD. 
 
c)   Beams, Girders and Slabs 
 
Beams, girders and slabs are designed as flexural members in accordance with ACI 318-63, 
Chapters 16, Flexural Computations, USD, and 17, Shear and Diagonal Tension, USD. Slabs are 
designed in accordance with ACI 318-63, Appendix A, Design of Two-Way Slabs. 
 
d)   Exterior Walls 
 
Exterior walls are designed as slabs for tornado and earthquake loadings in accordance with ACI 
318-63. They are also designed as shear walls in accordance with ASCE Manual of Engineering 
Practice No. 42, "Design of Structures to Resist Nuclear Weapons Effects," 1964 edition. 
 
3.8.1.7.2 Fuel Handling Building  
 
a)   Mat 
 
The foundation mat is designed as a rigid mat in accordance with flexural and shear stress 
requirements of ACI 318-63, USD. 
 
b)   Walls 
 
Fuel Pool walls are designed as a rectangular water tank meeting flexural and shear stress criteria of 
ACI 318-63, USD. Other exterior shear walls are designed for shear and moment with the structure 
taken as a complete structural cross-section resisting design shears. Flexural and shear stresses 
meet the criteria of ACI 318-63, USD. Individual wall panels are checked as two-way and one-way 
slabs against tornado loadings in accordance with ACI 318-63. 
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c)   Columns and Beams 
 
Columns and beams are designed in accordance with ACI 318-63, Chapter 19, "Combined Axial 
Compression and Bending - USD," and flexural and shear stress requirements of ACI 318-63, USD. 
 
d)   Frame Analysis 
 
The frame analysis of the structure was completed using IBM Program H20-0340-2, "Analysis of 
Structures with Prismatic Members in 2 and 3 Dimensions," with either pinned or rigid joints and 
subjected to concentrated or distributed loads, displacements and temperature effects.  
 
3.8.1.7.3 Intake Structure 
 
a)   Mat 
 
The foundation mat is designed as a beam spanning between the walls of the structure. Flexural and 
shear stresses are determined in accordance with the requirements of ACI 318-63, Chapter 16, 
"Flexural Computations, USD," and Chapter 17, “Shear and Diagonal Tension USD." 
 
b)   Walls 
 
Intake structure walls are designed as flexural members spanning between either bay walls or struts 
meeting flexural and shear stress requirements of ACI 318-63, USD as in (a). 
 
c)   Deck 
 
The deck is designed as a flexural member spanning between bay walls meeting ACI 318-63 as 
described above. 
 
3.8.1.7.4 Diesel Generator Building  
 
a)   Mat 
 
The foundation mat is designed as a rigid mat meeting flexural and shear stress requirements of ACI 
318-63, USD. 
 
b)   Walls and Roof 
 
The walls and roof are designed as a two-way portal frame using Ebasco Computer Program No. 
117, "Rigid Frame Analysis," which uses a matrix analysis method to analyze a planar rigid frame 
assembly. Walls and roof are then designed to meet flexural and shear stress requirements of ACI 
318-63, USD. 
 
3.8.1.7.5 Ultimate Heat Sink Dam (Barrier Walls) 
 
The structural elements shall be designed in accordance with the strength design provisions of 
ACI 318-71 Code. The stem of the wall is designed as a slab supported on three sides (counterforts 
on two sides and the bottom slab). The toe and heel slabs are designed as continuous on three sides 
(counterforts on two sides and continuous under the stem). The 
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counterforts are designed as buttresses if under compression and as ties if under tension for the slab 
reactions. 
 
The wall stability is calculated about a plane at its base. The procedure followed in analyzing the wall 
about its base for computation of base pressure, overturning and sliding to determine the horizontal. 
and vertical forces acting on the structure and to determine the ratio of moments resisting overturning 
to moments causing overturning, and the ratio of forces resisting sliding to the forces causing sliding. 
Generalized earth pressure coefficient equations derived from Coulomb's theory have been utilized in 
the analysis. The total pressure acting on one side of the wall is the sum of the static earth and water 
pressures plus the dynamic pressures of each due to the horizontal acceleration during an 
earthquake. Against this pressure acting on the other side of the wall is a total pressure consisting of 
the sum of the passive pressure due to earth and the active pressure due to water reduced by the 
dynamic pressures of each due to the horizontal acceleration during an earthquake. The dynamic 
force of the earth due to earthquake is calculated by finding the total weight of the sliding wedge 
taking the inertia of it by multiplying by the earthquake acceleration and converting this load to an 
equivalent inverted triangular load applied to the depth of the wall from zero at the base to a minimum 
at the ground surface. The dynamic force of the water due to earthquake is calculated by using the 
Westergaard parabolic equation. This is illustrated in Figure 306 of the report of the "Design of 
Kentucky Structures Against Earthquake." The dynamic force due to concrete is calculated by a 
spring model of lumped masses. 
 
For the stability analysis the minimum allowable safety factor under normal operating loading 
conditions shall be (1) overturning 1.7; (2) sliding 1.5. For extreme (transient) loading the safety 
factors shall be 1.2 for both overturning and sliding. No load factors shall be used in the stability 
analyses. Where the analysis shows an uplift condition occurring the area of the foundation in contact 
with this is greater than 75 percent of the total area. The horizontal and vertical seismic effects are 
combined by using either square root of the sum of the squares of the maximum values or the 
maximum of the time history sum. 
 
Table 3.8-4a presents the results of the stability analysis for critical loading combinations. It should be 
noted that the loading combinations of Section 3.8.4.3.2 of St. Lucie 2 FSAR (Docket number 50-389, 
dated September 4, 1973) are used for analysis where they are more limiting. The lateral water level  
loads during normal (F) and earthquake (F') situations have been added to the lateral earth loads in 
all loading combinations. 
 
3.8.1.7.6 RAB and FHB Interior Masonry Walls 
 
Pursuant to an NRC request, IE Bulletin 80-11 "Masonry Wall Design" (Reference 11), a field 
inspection program and a design reevaluation program were undertaken to verify the adequacy of the 
design of the interior masonry walls in the Reactor Auxiliary Building and the Fuel Handling Building. 
 
The criteria used for the reevaluation is as follows. The stresses resulting from the combination of 
dead load, SSE, and pressure load caused 
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by failed equipment inside the masonry wall compartment must remain below the allowable stresses 
listed in column "U" in Tables 3.8-4B and 3.8-4C. These are based on ACI 531-79, "Building Code 
Requirements for Concrete Masonry Structures." 
 
At the completion of the program certain corrective actions were taken thus bringing all the masonry 
walls into compliance with the criteria. 
 
The procedures for the inspection and verification programs and the results of those programs and 
corrective actions taken are discussed in the final report. See References 12 and 13. 
 
3.8.1.8 Calculated Results 
 
The loads, moments and stresses have been calculated for each of the design loading combinations 
given in Section 3.8.1.5 for the reactor auxiliary building, fuel handling building, intake structure and 
diesel generator building. In all cases the calculated design loads are within the ultimate capacity of 
the structural members. Tables 3.8-1 through 3.8-4 give a comparison of the calculated values of 
shear, moment and stress with the ultimate capacity for the principal structural members of the 
various structures. The calculated values are given for the most severe loading conditions for the 
particular member. 
 
Below is a typical calculation for the design of a component of a Class I concrete structure. In the 
example given, Figure 3.8-1a, the critical loading condition is normal operation which was determined 
after checking all other loading conditions as listed in Section 3.8.1.5. 
 
 
The loads in this example are determined from the physical arrangement of the structure. The design 
moments and shears are determined from design tables given in "Reinforced Concrete Design 
Handbook," ACI Manual SP-3. 
 
The design moments and shears are then used to determine the flexural steel required and the shear 
stirrup design. The "Ultimate Strength Design Handbook," ACI SP-17, has been used for this design. 
The combination of bar size and spacing required to fit the steel in a concrete member is such that 
more steel than is required is often used. 
 
The ultimate capacity of the member is determined using the actual beam properties and analyzing 
the beam again using the previously mentioned "Ultimate Strength Design Handbook." 
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DESIGN LOAD DETERMINATION - 
 
Design load combination: Normal Operation 
 
Ultimate load = 1.5 (D + T + S) + 1.8 (L + A) + 1.0B  
 
For interior floor beam T, S, A  B ~ 0 
 
∴ Ultimate load = 1.50 + 1.8L 
 
Live load on floor = 200 psf 
 
Ultimate load on beam 
 
Span KL 
 
Uniform Load: 
 
W live load  =  
 
W dead load =  
 

Concentrated Load: 
 

P live load =   
 

P dead load = 
 

Span JK:  
 
Uniform Load: 

 
W live load   = 

 

W dead load = 
 
 
 
Use JK as standard span 
 
 L = 24'-0" We = 6.2 Wt = 16.3 
  Wd = 10.3 
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DESIGN 
 
Span 2KL: 
 
 Design moment 
  
  @ Support = 1160 K-ft 
  
   @ Midspan = 690 K-ft 
  
 
 Design shear 
  
   @ Support = 285  K 
  
   @  span  =    0  K 
  
Width of beam   = 36" = b 
Effective depth   = 38" = d 
 (assumed) 
 
F  =  4.33 (From Table 
      5 of ACI SP17) 
  
@ Support Reinforcement: 
 
 
 
 
 
 
 
 
 

Provide 10 # 10 bars 

@ top = 12.7 in.2 

∴ OK 
 
@  Span Reinforcement: 
 
 
 
 
 
 

Provide 9 # 9 bars 

@ bottom = 9 in. 2 

∴ OK 
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Table 1A 
(ACI SP-3) 
 
 
 
 
Table 2A 
Conc. 
Coefficient  x Pta   _    
 Pta

+ Wta 
 
 
 
 
Table 2A 
Uniform 
Coefficient  x Wta   _    
 Pta

+ Wta 
 
 
 
 
 
Moment K/ft 

  
 

1.0 
 
 
 
 
 

-.06 + .052 - .095 
 
 
 
 
 
 
 

-.016 +.014 -.018 
 
 
 
 
 
 
 

-.008 +.007 -.01 
 
 
 
 
 

-.084 +.073 -.123 
 

-790 + 690  -1160 

 
 

1.0 
 
 
 
 
 

-.09 + .045 -.086 
 
 
 
 
 
 
 

-.018 
 
 
 
 
 
 
 

-.003          +.02 
 
 
 
 
 

-.111 + .045 -.066 
 

-1050 + 420 –620  
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d A A =M    2.78  =  A

.0092  =  
38 x 36
  12.7    =  P
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 Shear Reinf. @ Support 
  

Per. shearing stress  Vc  = 2  fc 

Shear carried by concrete Vc =  Vc x b x d 

 =   93    x 36 x 38 
   1000 

 = 127 kips 

Shear to be taken by reinforcement = 285 - 127 

 = 158 K 
 
Assuming 9" spacing 
 

       
38 x 40 x .9

9 x 158  =  
d  f

   SV  =  A
u

u
u  = 1.04 in.2 

 Provide 4 # 6 bars 
 @ 9" 
 As = 1.76 in.2 

 ∴ OK 

Shear Reinf.  @  Span:  

  No. reinforcement required  

 Provide As = 1.76 in.2 

ULTIMATE CAPACITY CHECK - 

36" x 42" (deep) beam with 10 # 10 bars @ top and 
    9 # 9 bars midspan 
    @ support 

Ultimate Moment Capacity: 
  
  
  
 
  
  
  
 

Mu = 12.7 x 2.78 x 38  =  1340 K-ft 1160 K-ff ∴0 K 

Shear @ face of support = (99 + 12.3  x 12) 1.15  = 285 K 
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 390K = 
1000

93 x38 x36   +  
9

38 x36  x1.76 
 

Shear capacity @ support 
 
 
 
 
 ∴  OK 
 
Ultimate moment capacity @ midspan 
 
 p  =        9       =  .0666  Au    2.84 
 (36 x 38) 
 
 Mu  = 9 x 2.84 x 38 = 975 K/ft  690 K/ft   ∴ OK  
 
 
3.8.1.9 Structural Pre-Operational Testing and Inspection 
 
The same structural testing and inspection was performed for all seismic Class I reinforced concrete 
structures.  The discussion given in Section 3.8.2.2.12 for the shield building applies also for the 
reactor auxiliary building, fuel handling building, intake structure and diesel generator building. 
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3.8.2     CONTAINMENT STRUCTURE 
 
3.8.2.1     Containment Vessel 
 
3.8.2.1.1    Description 
 
The containment vessel is a low leakage steel shell, including all its penetrations, designed to confine 
the radioactive materials that could be released by accidental loss of integrity of the reactor coolant 
pressure boundary.  Physically, the containment vessel is a right circular cylinder (2 inch thick), as 
shown on Figure 3.8-1, with hemispherical dome (1 inch thick) and ellipsoidal bottom (2 inch thick) 
which houses the reactor pressure vessel, the reactor coolant piping and pumps, the steam 
generators, the primary coolant pressurizer and pressurizer quench tank, and other branch 
connections of the reactor coolant system including the safety injection tanks.  The containment 
vessel penetrations include a construction hatch (Figure 3.8-1a), a maintenance hatch, a personnel 
air lock, an escape lock and various sized penetration nozzles and are described further in Section  
3.8.2.1.10  The containment vessel is also equipped with a  walkway, access ladder and a circular 
crane girder with a crane rail attached to the shell of the vessel.  The containment vessel is enclosed 
by the reinforced concrete shield building described in subsection 3.8.2.2. 
 
3.8.2.1.2    Design Conditions 
 
The functional design bases for the containment vessel are given in Section 6.2. The structural 
design conditions are: 
 
a) Pressure: 
  
  Maximum internal pressure    = 44 psig 
 
  Design internal pressure    = 39.6 psig 
  
  Maximum external to internal  
 pressure differential    = 0.70 psig 
  
 b) Temperature: 
  
  Coincident with Design and  
 Maximum pressure     = 264°F* 
 
  Operating        = 120°F 
  
  Minimum service     = 30°F 
 
c)    Wind Loads (considered during construction): 
 
    Height Above Grade Wind Load 
               (Ft.)                     (PSF)   
  
        0 - 30      18 
       30 - 49      24 
       50 - 99      30 
       Above 100    36 
   
(Wind pressures include the reduction for the circular shape of the vessel) 
 
*Design pressure and temperature as included in the purchase specification  maximum calculated 
LOCA pressure and temperature are 38.4 psig and 259°F, respectively. 
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d) Seismic Loads: 
 
  Vertical Earthquake   0.075 g for OBE 
           0.15 g for DBE 
 
   Horizontal Earthquake 
  
 Lateral forces equal to seismic coefficients shown on 
 Figure 3.8-2 and Figure 3.8-3 (OBE and DBE) multiplied by the  
 gravity loads. 
  
The design for earthquake includes the seismic effects due to the inertia of the mass of the air locks 
and equipment hatches and the effects of the air locks vibrating as independent systems. 
 
e)      Gravity Loads (include but are not limited to): 
 
Item           Estimated Weight 
  
Vessel shell & appurtances   = 7,880,000 lb. 
  
Penetrations        = 130,000  lb. 
  
Equipment hatch      =  360,000 lb. 
  
Maintenance hatch     =  70,000  lb. 
  
Personnel lock       =  58,200  lb. 
  
Escape lock        =  24,500  lb. 
  
Ventilation duct      =  35,200  lb. 
  
Crane girder 
rail & girder        =  471,300  lb. 
  
Trolley          =  128,200  lb. 
  
f)      Live Loads (include but are not limited to): 
 
Item           Load 
  
Weight of Contained Test Air   = 906,718 lb. 
  
Crane 
Operating Live Load     = 175 tons 
  
Impact          = 26.25  tons 
  
Air Locks        = 150 psf 
  
Platforms on Dome     = 50 psf 
  
Access Ladder       = 500 lb. 
  
Maintenance Hatch     =  50 tons 
 
g)    Occasional Loads  
 
In addition, occasional loads (i.e., loads due to water and steam hammer) are also included in the 
evaluation of main steam and feedwater piping penetrations. 
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3.8.2.1.3    Design Leakage Rate 
 
The containment vessel including penetrations is designed to limit leakage to 0.5 percent volume per 
day at the design internal pressure of 39.6 psig.  Containment leakage rate testing is discussed in 
Section 6.2.1.4. 
 
3.8.2.1.4    Codes 
 
The design, fabrication, inspection and testing of the containment vessel complies with the 
requirements of the ASME Boiler and Pressure Vessel Code, Section II Materials; Section III, 
including all addenda through winter of 1968, Nuclear Vessels, Subsection B "Requirements for Class 
B Vessels;" Section VIII "Unfired Pressure Vessels," and Section IX "Welding Qualifications." 
 
The containment vessel is code stamped for pressures of both 44 psig and 39.6 psig in accordance 
with Paragraph N-1500 of Section III of the ASME Boiler and Pressure Vessel Code. 
 
The design internal pressure for the containment vessel is specified in accordance with the provisions 
of Section III of the ASME Boiler & Pressure Vessel Code.  The design requirements for Class B 
vessels are contained in Article 13 of Section III. 
 
The containment vessel was pressure tested in accordance with the rules of ASME Boiler & Pressure 
Vessel Code, Section VIII UG-100 and Section III N-1314 (d).  The maximum test pressure was 1.25 
times the design internal pressure (1.25 x 39.6 = 49.5 psig). 
 
The design of supports and bracing and similar structures not within the scope of the ASME Code 
conform to the requirements of American Institute of Steel Construction (AISC) Specifications, sixth 
edition. 
 
The containment vessel design and construction also meets all the requirements of state and local 
building codes. 
 
3.8.2.1.5    Materials 
 
The materials used in the containment vessel are listed on Table 3.8-5. The containment vessel and 
the equipment hatches and personnel air locks are fabricated of ASME-SA 516 Grade 70 firebox 
quality steel plate made to SA 300 requirements except that impact test requirements are as specified 
in the ASME Boiler & Pressure Vessel Code, Section III, N-1211 (a) for a minimum service 
temperature 30° F. 
 
Penetrations which are integral parts of the containment vessel are of ASTM SA-333 Grade 1 or 
ASME SB-166 or SB 167 or SB 168. 
 
Charpy V-Notch specimens (ASTM A 370 Type A) used for impact testing of all product forms were in 
accordance with the requirements of the ASME Boiler & Pressure Vessel Code, Section III N-330. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.8-22 Amendment No. 25 (04/12) 



 

 

All ferritic material in the fabrication of the containment vessel has a nil ductility transition temperature 
of zero degrees maximum when tested  
in accordance with the appropriate specification of the material. 
 
During reactor operation, or pressure or leak rate testing the containment vessel metal temperature 
will be maintained above 30 F. 
 
During the erection of the containment vessel, it was supported by twenty-four temporary steel pipe 
column assemblies welded directly to the vessel shell.  The temporary supports were removed after 
the containment vessel was completely constructed, post weld heat treated, pressure and leak tested 
in accordance with the applicable requirements of the ASME Code to demonstrate its integrity and 
leak tightness, and a portion of the permanent base foundation had been placed.  The supports were 
cut not closer than 1/4 in. from the surface of the shell plate and the remaining support material and 
welds was removed by chipping and grinding smooth with the shell face.  Actual removal of the 
supports had not begun until the internal concrete had been placed to elevation +7.0 and the external 
concrete had been placed to elevation +1.0 (see Figure 3.8-3a). In addition, the space between the 
temporary supports, which is about 8 ft. wide, was concreted to elevation +10.0. The space left after 
removal of the temporary supports was concreted and the remainder of the sequence was made as 
discussed below. 
 
A placing and grouting procedure was used to fill void areas beneath the containment vessel.  The 
placing and grouting procedure results in a continuous support of the vessel. 
 
Concrete placements were made according to the plan and sections shown in Figure 3.8-3a. The 
placing sequence is as follows: 
 
1. Install concrete pour 1 inside vessel 
2. Place pour No. 2 under vessel thru holes in form 
3. Place pour 2A between initial and final set of adjacent concrete 
4. Remove forms around pour No. 2 
5. Place pour No. 3 to 6 in sequence as shown on plan 
6. Place pours 3A to 6A same as item No. 3 
7. After concrete has hardened, remove forms and remove plastic tubes 
8. Perform grouting operation 
9. Placement of concrete for pour 7 thru 16 to follow in proper sequence as shown on plan 
10. Place pours 8A to 16A same as item No. 3 and grouting operation to resume 
11. Placement of concrete pours 17 to 32 to follow.  No grouting required 
  
In preparation for the grouting operation, the tube voids are first blown out with compressed air to 
determine that they are free and clear.  Next, the interface between the underside of the vessel and 
the concrete is completely sealed.  At the same time, pipe nipples are grouted into place on the end 
of each grout trough.  Each nipple is connected to a tee fitting which allows for installation of a 
pressure gauge (0 to 20 lbs.) and a check valve for control of pumped grout. 
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The two components of the epoxy grout were mixed in small batches to prevent their setting before 
the batch was completely used.  Hand pumps were then connected to the pipe nipples and grout 
introduced to the tube troughs.  Pumping continued until a grout return was observed on the other 
end of the grout tube.  The open end was then plugged and grouting continued to allow it to spread 
into any shrinkage area.  The operation was maintained until leakage was observed through the 
mortar plug around the area being grouted. 
 
The next set of tubes was grouted upon completion of the grouting of one tube and return.  This 
procedure was continued all around the placement until the entire circle was completed.  Grouting by 
this method allows completion of the entire operation before the grout in the first tubes has set 
beyond the tacky state. 
 
Three two inch cube samples were made of the epoxy during each grouting operation.  These are 
used for testing and record purposes. 
 
3.8.2.1.6       Load Combinations 
 
Various combinations of loads were considered in the design of the containment vessel 
corresponding to loading conditions during construction, test, normal operation, earthquake and 
accident conditions.  Eleven cases in all were considered as follows: 
 
 a) Case 1-Construction at Post Weld Heat Treatment (PWHT) 
 b) Case 2-Acceptance Test at Ambient Temperature 
 c) Case 3-Pre-Operation Test at Ambient Temperature 
 d) Case 4-Normal Operating Condition at Temperature Range of 30°F to 150°F 
 e) Case 5-Cold Shutdown at Temperature Range of 30°F to 120°F 
 f) Case 6-LOCA Condition with OBE 
 g) Case 7-LOCA Condition with DBE 
 h) Case 8-Pipe Rupture with OBE 
 i) Case 9-Pipe Rupture with DBE 
 j) Case 10-Condition with OBE and Thermal plus Seismic loads on piping 
 k) Case 11-LOCA Condition with DBE with Pressure and Thermal plus 
                   Seismic loads on piping 
 
The load combinations for each of the cases are summarized on Table 3.8-6. 
 
3.8.2.1.7  Allowable Stress Criteria 
 
The allowable stresses for each of the load cases are summarized on Table 3.8-7.  The allowable 
stresses were determined by the following methods: 
 
a)  Allowable Buckling Stresses for Unstiffened Hemispherical Head 
 
Compressive stress resultants in the top head are compared to the allowable stresses obtained from 
the paragraphs entitled, "Biaxial Compression-Equal Unit Forces," and "Biaxial Compression-Unequal 
Unit Forces," of the Welding Research Council Bulletin #69, "Biaxial Stress 
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Criteria For Large Low-Pressure Tanks."  Using these allowables for the spherical dome is based on 
the assumption that the dome acts as a cylinder with the radius equal to the radius of the dome. 
 
Three cases are considered: 
 
1) For a uniaxial compressive stress resultant and for biaxial  
 unequal tensile and compressive stress resultants. 
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 Where:   t = shell thickness 
  
          R - dome radius 
  
2)    For biaxial equal compressive stress resultants 
 
 ie, N φ (-)  compressive =  N θ (-) compressive 
 
 
 
 
 
 
 
 
 
 
 
 
3) For biaxial unequal stress resultants.  This case is treated as the  summation of the uniaxial 
condition with equal stress. 
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b) Allowable Buckling Stresses for Cylindrical Vessel 
 
1)  Meridonal or Axial Stress 
 
The maximum allowable compressire stress used in the design of cylindrical shells subjected to 
loadings that produce longitudinal compressive stress is in accordance with Section VIII paragraph 
UG-23 (b). 
 
 
 
 
 
 
 
 
 
 
 
 
      
  
2)  Circumferential Stress 
 
Generally speaking, circumferential compression results from external pressure loading. The criteria 
of Section VIII paragraph UG-28 is used to analyze circumferential buckling. These rules provide a 
safety factor of 4.0 against shell buckling. 
 
 
 
 
 
 
 
 
 
 

Nθ can be tensile or 
compressive 

 
c)  Allowable Weld Stresses 
 
All weld metal joining or attaching pressure parts meet specified Charpy V-Notch Impact Test 
requirements. 
 
1) ASME Allowable Weld Stresses 
 
 (a) Full Fusion 
 
 Weld allowables per Subsection B of the ASME Code, Section 
 III. Same as parent metal. 
 
 (b) Partial Depth Groove Welds 
 
 Allowable stress on the effective depth is: 
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An inspection factor x load factor x Sm of weaker material. 
Inspection factor = 0.8 
Load factor: 
 
1.0 for load perpendicular to axis of the weld 
0.875 for any combination of perpendicular and parallel loads. 
0.75 for a load parallel to the axis of the weld 
 
For simplicity, an allowable stress of 0.8 x 0.75 x Sm = 0.6 Sm is used for all partial groove 
welds except where a higher allowable is required and is permissible. 
 
(c) Fillet Welds 
 
In accordance with ASME Section VIII, paragraph UW-18: 
 
Allowable stress = 0.55 Sm (of weaker material) on min. 
 
leg = 0.55/0.707 Sm on throat = 0.78 Sm on throat 

 
2) AISC Allowable Weld Stresses 

 
(a) Fillet Weld 
 
Allowable Stress = 15,800 psi on throat (AISC 1.5.3.1) 
 
(b) Groove Welds 
 
In accordance with AISC 1.5.3.2.  

 
3.8.2.1.8 Design Analysis Methods  
 
a) Shell Analysis 
  
Stresses in the vessel shell remote from penetrations or other appurtenances are analyzed as 
described below. Shell stresses adjacent to appurtenances are analyzed along with the appurtenance 
design. 
 
Stress resulting from each specified load condition are calculated separately at critical locations and 
combined to obtain total meridional and circumferential stresses at each point. Stress intensities are 
then determined and compared to specified allowable stresses. 
 
In accordance with the maximum shear stress failure criterion and thin shell theory, stress intensities 
are found as follows: 
 
1) Since shear stress << circumferential or meridional stress, shear stresses are neglected in 

calculating stress intensities 
 
2) Since radial stress << circumferential or meridional stress, for calculating stress intensities σr = 0 
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In addition to the stress intensity evaluation, compressive buckling loads are investigated in the 
construction, normal operating, and accident conditions. 
 
Seismic analysis of the reactor building, including the containment vessel, is discussed in Section 
3.7.2. 
 
b)  Bottom Head Buckling Analysis 
 
The bottom head is analyzed for loading conditions which could produce buckling. The loading 
conditions investigated were during PWHT, during test, and during final construction. A portion of the 
bottom head and the cylindrical shell is modeled as a ring girder to calculate stresses resulting from 
externally applied loads. Stresses produced by pressure were calculated using Reference 1, and 
added directly to the stresses produced by external loads. 
 
Loading Conditions: 
 
1) PWHT: 
 
 (a) Vertical bending from column loads 

 (b) Horizontal bending from wind shear and load eccentricity 

 (c) Torsion from load eccentricity and pin joint friction 

2) Final Test: 

 (a) Vertical bending from column loads 

 (b) Horizontal bending from wind shear and load eccentricity 
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 (c) Torsion from load eccentricity 

 (d) Internal pressure 

 

3) Final Contruction: 

 (a) Vertical bending from column loads 

 (b) Horizontal bending from wind shear and load eccentricity 

 (c) Torsion from load eccentricity 

 
c)  Discontinuity Stresses at Embedment 
 
The analysis is performed using the program on shells of revolution written by A. Kalnins (Reference 
1). The program is used widely by the industry, and its results have been found to be in good 
comparison with other analytical methods (Reference 2). 
 
The analysis is based on the fact that a rotationally symmetric shell may be divided into a number of 
short segments in the meridional direction and that the stiffness properties of each of these segments 
can be determined in relation to eight fundamental variables. By enforcing equilibrium and 
compatibility between each segment and applying boundary conditions, the value of the fundamental 
variables can be determined for each segment. Values between each segment can then be 
determined by integration. 
 
The model used for the analysis is as shown on Figure 3.8-4. The vessel is taken to be rigidly fixed at 
elevation 19 feet, and the model is taken to extend upward to a point remote from any effect of the 
local discontinuity due to the fixity at the lower boundary or point of embedment. There has been no 
consideration of the concrete or shell below elevation 19 feet. 
 
The pressure is included all along the model as an internal pressure equal to the design internal 
pressure of 39.6 psi. 
 
The temperature gradients which are assumed to exist along the shell are as shown on Figure 3.8-5. 
The cases analyzed are for a steady state condition only, with the shell assumed to be at some 
ambient temperature before the gradient is applied along the shell. The maximum temperature 
differential along the shell is taken to be the difference between the ambient temperature and the 
temperature of the shell above the embedment region at a specified time after the accident. 
 
It is also assumed that the temperature at the inside surface of the shell plate is the same as that at 
the outside surface, or that there is no temperature gradient across the thickness of the plate. 
 
In accordance with the maximum shear stress failure criterion and thin shell theory, stress intensities 
are then found as described previously. 
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d)  Air Lock Seismic Analysis 
 
The containment vessel design for earthquake includes the seismic effects of the air locks vibrating 
as an independent system. The seismic effect of this independent vibration is then added vectorially 
to all other seismic effects. 
 
In the analysis, the vibration driving force on the air locks is determined by accelerations derived from 
the response spectra curves, shown on Figure 3.8-6. The vibrating driving forces is considered to be 
independent of the vibration modes of the composite containment vessel shield building and 
foundation system. 
 
For analytical purposes the locks are assumed to vibrate in three independent directions as shown on 
Figure 3.8-7. 
 
Case I will result in forces and moments being applied to the containment in the meridional plane. 
 
Case II will result in forces and moments being applied to the containment in the circumferential 
plane. Case III will result in a radial thrust being applied to the containment shell. 
 
Once the natural frequency of the lock is calculated for the longitudinal, circumferential, and radial 
direction of the containment vessel, it is possible to determine the fundamental period and thus the 
response acceleration to be applied to the lock. The response acceleration is calculated for the insert 
to shell junction and then applied to the lock loads to find stresses in the shell. 
 
For longitudinal and circumferential direction: (Case I & II) 
 
K = M/θ   Where:  K = Spring constant of shell 
 
 
ω = [K/Io]0.5    
 ω = Angular frequency of lock 
 
ω = [M/θIo]0.5     Io = Mass moment of inertia of 

lock about point of support 151 
on shell 

 
      M = Moment at shell 
 
T = 2π/ω (sec)    
 θ = Unit rotation at shell 
          to insert junction 
      T = Fundamental period of lock 
 
The spring constant for the longitudinal and circumferential direction is determined by applying a unit 
deflection (1 radian) at the shell and determining M using Stresses From Radial Loads and External 
Moments in Cylindrical Pressure Vessels, P.P. Bijlaard, Figure 3 and 7 for 
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the β based on the proper parameters for the junction. 
 
For the radial direction: (Case III) 
 
 
K = P/w     Where:  W =  Weight of lock plus insert 
 
T = 2π [W/Kg]0.5   g =  386.4 in/sec 2 
 
      P =  load 
 
 
T = 0.32 [W/K]0.5   w =  unit deflection 
      at shell to 
      insert junction 
 
Stresses in the shell due to the air locks vibrating as an independent system under horizontal and 
vertical earthquake have been determined by the use of Reference 3. 
 
A horizontal earthquake acting perpendicular to the lock (Case I), will result in meridional shear and 
moment being applied to the shell. 
 
A horizontal earthquake acting perpendicular to the lock (Case II) results in a circumferential shear 
and moment being applied to the shell. An earthquake acting parallel to the lock (Case III) subjects 
the shell to a radial thrust. 
 
Stresses are checked at three locations; at the neck to insert junction, at the insert to shell junction, 
and at ½ [Rt]0.5 from any local stress area. 
 
Stresses are calculated in the insert and in the shell. An equivalent stress intensity is calculated (per 
maximum shear theory) and compared to the ASME allowables. 
 
e)  Penetration Analysis 
 
The penetrations are analyzed for compliance with the ASME Code. Area replacement is calculated 
using code rules. Welds for nozzles employing partial penetration attachment are analyzed using 
code rules. Nozzles with specified loads are investigated for pipe wall stresses and for stresses in the 
vessel shell. 
 
Inserts for penetrations larger than 2 inch pipe size are checked for area replacement in accordance 
with paragraph N-1310 of ASME Section III. The pipe wall of nozzles with loads specified as thermal 
plus seismic are analyzed for primary stresses. 
 
Stresses in the vessel shell resulting from loads applied to penetrations are calculated using 
Reference 3. 
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Loads are applied in specified combinations on a penetration of interest and on adjacent penetrations 
that are on cardinal lines of the central penetration within a distance of 2 RT  (80.0 in). This limit is 
chosen since the results of this type of analysis are questionable for greater distances. Load 
combinations include moments acting concurrently with thrust and torsion acting concurrently with 
shear. Each load is considered reversible for purposes of determining maximum stress intensity. 
 
Pressure produces a complex state of stress in the shell and penetration at their intersection. As a 
rational means of estimating these stresses paragraph N451 (b) of Section III, though not specifically 
applicable to Class B vessels, has been used as a guide. This paragraph assumes that in the vicinity 
of a penetration reinforced in accordance with ASME rules, maximum membrane pressure stress will 
not exceed 1.0 Sm and the maximum surface stress will not exceed 1.5 Sm. 
 
The loading combinations of thermal plus seismic loads are evaluated using ASME code allowables. 
ASME Section III states that requirements of paragraph N-414.1 through N-414.4 must be met for 
allowable stress intensities. It also states that basic values for the allowable stress intensity, Sm, 
should be those found in Section VIII. Paragraph N-414.4 limits the primary plus secondary stress 
intensity to 3.0 Sm. An additional requirement of the code states that the local membrane stress 
intensity due to pressure and mechanical loads be limited to 1.5 Sm. In defining a local stress region, 
paragraph N-412 of Section III states that the distance over which the total membrane stress intensity 
exceeds 1.1 Sm may not extend more than .5 RT  and may not be closer than 2.5 RT  to another 
region where the total membrane stress intensity exceeds 1.1 Sm. R is the mean radius of the vessel 
and t is the vessel wall thickness. 
 
The loading combinations of thermal plus seismic plus pipe rupture for penetration nozzles are 
evaluated using an allowable of 0.9 Sy for membrane stress intensities and 1.5 Sy or 1.8 Sm for 
primary membrane plus primary bending stress intensity. 
 
3.8.2.1.9 Calculated Stresses 
 
Containment vessel stresses have been evaluated for each of the load cases given in Section 
3.8.2.1.6. A summary of calculated stresses as compared to allowable stresses for load cases 1 
through 9 is presented on Tables 3.8-8, 3.8-9 and 3.8-10 for the ellipsoidal bottom head, cylinder 
region and hemispherical dome respectively. Load cases 10 and 11 are evaluated for local stresses. 
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3.8.2.1.10 Penetrations 
 
 
a)  Design Bases 
 
To maintain containment integrity, containment penetrations have the following design characteristics: 
 
 1) They are capable of withstanding the maximum pressure which could occur due to the 

postulated rupture of any pipe inside the containment vessel. 
 
 
 2) They are capable of withstanding the jet forces associated with the flow from a postulated 

rupture of the pipe In the penetrations or adjacent to it, while still maintaining the 
integrity of containment. 

 
 3) They are capable of accommodating the thermal and mechanical stresses which may be 

encountered during all modes of operation and test. 
 
 
b)  Electrical Penetrations 
 
Canister or header plate type penetration assemblies are used for all electrical conductors for the 
continuation of electrical circuits through the containment vessel, the annulus and the shield building. 
Sufficient cable slack is provided in the annulus to allow for differential expansion between the 
containment vessel and the shield building. Cable protection sleeves are provided to give support and 
protection to the cables in the annular space. 
 
The primary containment penetration is inserted in a containment vessel nozzle and is field welded 
inside the steel vessel to form the sealing weld. The secondary seal is inserted in a nozzle embedded 
in the concrete shell of the shield building aligned with the containment vessel nozzle. The secondary 
seal is field welded to the nozzle in the shield building. 
 
The primary containment penetrations feature hermetic cable sealing achieved by a ceramic, glass or 
high temperature thermoplastic material bonding to a metal flange. The flange is welded to a header 
plate or secured by screw threads and a ferrule assembly to a header plate, which in turn is welded to 
the penetration nozzle. The secondary seal is achieved by either epoxy resin or thermoplastic 
material forming a continuous seal between the metal canister pipe and all conductors. All penetration 
assemblies are provided with means to pressurize the primary canisters for monitoring of leakage 
rates. 
 
As shown in Figure 3.8-8, two structurally different types of canisters are used as follows: 
 
 1) Type 1 - 15 kv Medium Voltage Power Penetration Assembly 
 
The primary seal canister is constructed from 14 inch diameter schedule 30 seamless carbon steel 
pipe per ASME SA-106 grade B. Copper conductors 
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(500 MCM) are brazed into the 15 kv ceramic bushings which are hermetically sealed in the header 
plates. The conductors in the secondary seal penetration are brought out as pigtails. 
 
 2) Type II - 600 v Penetration Assembly 
 
This type of penetration assembly is designed with modifications depending upon the intended 
service: 
 
 (a) For 600 v power service for 500 MCM and 4/0 AWG circuits the primary seal canister is 

constructed from 10 in. diameter schedule 20 ASME SA-106 grade B carbon steel 
pipe. The copper conductors are brazed into the 600 v ceramic bushings which are 
hermetically sealed in the header plates. The conductors in the secondary seal 
penetration are brought out as pigtails. 

 
 
 (b) For 600 v power and non-shielded control service for 1/0 AWG, #4 AWG, #8 AWG, #12 

AWG, #16 AWG. Same as (a) for some, except that the copper conductors in the 
primary seal are brazed to a sealing tube which in turn is bonded to the glass seal. 
Others utilize the design in (d) (below) with the thermoplastic seal. 

 
 
 (c) For shielded control, thermocouple and co-axial cables same as (b), except that the 

conductors are bonded directly to the glass seal. 
 
 
 (d) For 600 volt power control and instrumentation (C3, C6, and D10), the primary and 

secondary seal utilizes a header plate design. The conductors are sealed in a 
stainless steel tube by a high temperature thermoplastic material. The stainless steel 
tubes are secured to the header plate by screw threads and a ferrule assembly. 

 
 
Each canister is sealed and tested at the factory for leakage. The only seals that are made in the field 
are the welds mounting the canisters into the nozzles. 
 
The primary seal penetration assemblies are designed, fabricated and tested in accordance with 
IEEE-317 April 1971 "Standard for Electrical Penetration Assemblies in Containment Structures for 
Nuclear Fueled Power Generating Stations." 
 
Electrical penetration E-4 has been modified for use as an outage services penetration. The 
modification includes a blind flange which is removed for outage service and is equipped with Local 
Leak Rate Test (LLRT) connection for testing the penetration's integrity when the flange is 
reconnected after an outage. 
 
A steel plate barrier, shown on Figure 3.8-8AA, is erected inside the containment in the electrical 
system penetrations. The design criteria for this barrier is as follows: 
 (a)  Design Loads: 
 
  The following loads have been considered in the design of the barrier: 
 
  D = dead load of the barrier itself 
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  PR = steam/water jet forces and/or pipe whip reactions resulting from a ruptured pipe. A 
dynamic load factor of 2.0 had been used in the design of the barrier to account for 
the dynamic nature of the load. 

 
 OBE = operating basis earthquake load 
 
 DBE = design basis earthquake load 
 
(b) Load Combinations 
 
 The barrier has been designed to withstand the following load combinations within the allowable 

stresses specified. 
 
  Load Combination  
 Allowable Stress 
 
 1) D + PR   90 percent of material yield 
      strength 
 
 2) D + OBE  
 Normal AISC working stress 
 
 3) D + DBE  
 90 percent of material yield 
      strength. 
 
c) Piping Penetrations 
 
 All penetrations listed in Table 6.2-16, except the vacuum breakers, penetrate the shield building 

as well as the containment vessel. Both the containment vessel and shield building are 
provided with capped spare penetrations for possible future requirements. 

 
 All process lines traverse the boundary between the inside of the containment vessel and the 

outside of the shield building by means of piping penetration assemblies made up of several 
elements. Three general types of piping penetration assemblies are provided; 

 
  Type I -  Those which must accommodate considerable thermal movements (hot 

penetrations). 
 
 
  Type II -  Those which are not required to accommodate thermal movements (cold 

penetrations); 
 
 
  Type III -  Those which must accommodate moderate thermal movements (semi-hot 

penetrations). 
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All penetration assemblies consist of a containment vessel penetration nozzle, a process pipe, a 
shield building penetration sleeve and a shield building bellows seal. In the case of cold penetrations 
the containment vessel penetration nozzle is an integral part of the process pipe. For hot and semi-
hot penetrations, a multiple flued head becomes an integral part of the process pipe and is used to 
attach a guard pipe and in case of the hot penetrations an expansion joint bellows. The expansion 
joint bellows is welded to the containment vessel penetration nozzle. 
 
At the terminal of a piping penetration assembly near the shield building a low pressure leakage 
barrier is provided in the form of a shield building bellows seal. The bellows provides a flexible 
membrane type closure between the shield building penetration sleeve, which is embedded in the 
shield building, and the process pipe. 
 
The shield building bellows is designed to withstand a design pressure of 5 psig and provide an 
adequate leak-tight seal consistent with overall allowable shield building leakage. 
 
All containment vessel penetration nozzles are designed to meet the requirements for Class B 
vessels under Section III of ASME Boiler and Pressure Vessel Code. In compliance with the code, the 
operating stresses in a containment vessel penetration nozzle caused by the attached penetration 
assembly is limited to the allowable values given in the code. 
 
The multi-ply bellows expansion joint in the hot pipe penetration assemblies and the shield building 
bellows seal for all pipes are designed to accomodate maximum combination of vertical, radial and 
horizontal differential movements between the containment vessel, the shield building and the piping. 
This design considers the calculated displacements resulting from earthquake, pressure and 
temperature and relative building settlement. 
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Types I and III process pipe penetrations are provided with guard pipes to preclude an energy release 
to the reactor building annulus due to a rupture in a process line. Figure 3.8-9 illustrates the design of 
both Types I and III penetrations. Both are similar in that their designs consist of a process line 
passing through a concentric guard pipe. The process line and guard pipe are both welded to a 
common flued head at one end of the penetration. At the other end, the guard pipe is either anchored 
at the containment nozzle (Type III penetrations), or is simply supported off the process line itself 
(Type I penetrations). The Type I penetrations are anchored at their respective flued head on the 
main steam trestle. 
 
Piping for penetration assemblies is designed in accordance with ANSI B31.7 Class 2 except for the 
four safety injection penetrations which are Class 1. Multiple flued heads (Type I) are one piece 
forgings designed to withstand the maximum design pressure at the design temperature of the process 
line. They are designed in accordance with ASME Section III, Subsection B and Section VIII 
requirements. The guard pipe is designed to be within allowable limits for the maximum design 
pressure at the design temperature of the process line, and is designed so that the maximum stresses 
in the guard pipe will not be more than the code allowable stresses of the material for design load 
combinations. The original analysis supporting this design criterion is provided in Appendices 3G1 
through 3G5 and is kept for documentation and traceability purposes. 
 
 App. 3G1 - Flued Head Calculations for Types I & III Penetrations 
 
  App. 3G2 - Type III Containment Piping Penetrations Assemblies 
 
  App. 3G3 - Type I Containment Piping Penetration Assemblies 
 
  App. 3G4 - Flued Head Stress Report, Containment Piping 
   Penetration Assemblies (Type III) 
 
  App. 3G5 - Flued Head Stress Report, Containment Piping 
   Penetrations Assemblies (Type I) 
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Special attention was placed upon the fabrication and the tests and inspections performed during 
manufacture. For example, 
 
a) The flued head fitting and that section of the process pipe and guard pipe between the flued 

head fitting and the nearest weld joint outside the containment vessel were hydrostatically 
tested in accordance with the requirement of ANSI B31.7 Code for Nuclear Power Piping. 

 
b) Water used for the hydrostatic testing of stainless steel penetration assemblies did not have a 

chloride content exceeding 20 ppm. 
 
c) Expansion bellows assemblies were tested in accordance with ASME Code, Section VIII, 

Paragraph UG-99. 
 
d) Each bellows was flexed ten (10) times through its specified axial and lateral deflections. This 

test was performed prior to hydrostatic tests. 
 
e) All carbon and low alloy steel pipe and fittings that make up the process pipe or the guard pipe 

were subjected to impact testing. The impact testing conformed to the procedures and 
configuration for Charpy V-notch specimens, Type A, Figure 11, as specified in ASTM A-370, 
and was in accordance with the requirements of ASME B&PV Code, Section III, N-330. The 
specimen temperature during impact testing was 0 F. Impact values for pipe and wrought 
fittings meets 15 ft lbs. Any material failing to meet this requirement was rejected. 

 
f) All welding procedure qualifications and welder performance qualification were in accordance 

with the latest edition of Section IX of the ASME Boiler and Pressure Vessel Code in effect. 
Repair welding of base materials was in accordance with a procedure that assured the 
highest quality results in joining the base materials. Repaired base materials were heat 
treated or stress relieved as required in the applicable ASTM Material Specification. The 
repaired area was examined by the same nondestructive test requirements originally 
specified for the base metal. Those defects, in other than weld metal, which are more than 
3/8 in. deep or 20 percent of the wall thickness, whichever is less were reported prior to 
repair. 

 
g) All fluid boundary containment forgings of penetration assemblies were 100 percent ultrasonic 

examined. Whenever practicable the stage at which ultrasonic testing was performed for 
acceptance was in the finished condition after final heat tratment. The actual stage of the 
ultrasonic test was submitted for approval. In addition, all external and accessible internal 
surfaces were examined by either magnetic particle or liquid penetrant methods including 
final machined surfaces such as weld end preparation. 
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h) All longitudinal seam welds of primary bellows and pipes other than process pipe were full, 100 
percent, radiographed. 

 
i) All process pipe girth and longitudinal seam welds were fully radiographed and examined by 

either the magnetic particle or liquid penetrate method.  All other examinations required by 
the ASTM specification for the associated process line were performed. 

 
j) Guard pipe joint welds were examined by either a magnetic particle or liquid penetrant method. 
 
k) All fillet welds were examined by liquid penetrant methods. 
 
l) Secondary bellows longitudinal seam welds were examined by liquid penetrant methods. 
 
m) Joint of primary bellows to flued head were fully radiographed.  Closure welds for which 

radiography is impractical were examined by a magnetic particle method for carbon steel or a 
liquid penetrant method for stainless steel on the root and final weld surface in lieu of 
radiography. 

 
The tests and inspections described above were applied to complete penetration assemblies 
procured as part of original plant construction.  Replacement component parts of the secondary 
penetrations (e.g. secondary bellows) have been designed, fabricated and tested in accordance with 
standard manufacturing design and code requirements to be functionally equivalent to the original 
design. 
 
The supports for seismic Class I piping are designed to maintain the piping stresses within the 
allowable stress limits of Table 3.9-3 for design, normal, upset, and emergency and faulted 
conditions. This is done by the utilization of hangers, restraints, and snubbers in the support system.  
The locations of the restraints in relation to the penetrations vary with the individual pipe design 
conditions and configurations.  Pipe whip restraints are provided for those systems listed in Section 
3.6.1.  As described in paragraph 3.6.5, the pipe whip restraints are located such that reaction forces 
from a rupture cannot cause the formation of a plastic hinge.  Further discussion of pipe whip 
protection can be found in Sections 3.6.1 and 3.9.2.5.  Pipe whip restraint locations are shown in the 
figures of Section 3.6. 
 
It should be noted that for the pipe rupture, the design anchor loads for penetrations with guard pipes 
are based upon the moment that would be expected to cause a full plastic hinge in the process line 
combined with the force caused by lateral jet loading. 
 
Figures 3.8-8B & 3.8-8A show the restraints adjacent to main steam Type I penetration 1 and the 
letdown Type III penetration 26.  As mentioned above, the restraint locations are dependent upon the 
individual line characteristics (i.e., pipe size, schedule, internal pressure, temperature, process fluid, 
and line configuration.) 
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Type I penetrations are used on the main steam lines and the main feed water lines (See Figure 
3.8-9).  Moments, axial forces, and transverse forces in the process line due to operating, seismic, or 
pipe-rupture loads, including loads attributable to fluid transient events such as steam and water 
hammer, are transmitted through the flued head to the Main Steam trestle where the penetration 
assembly is anchored. Axial and torsional loading are transmitted to the trestle via trunnions located 
on the main steam flued head. On the feedwater penetration the axial and torsional loads are 
transmitted to the trestle via shear plates and trunnions on the flued head, respectively. Transverse 
loadings and moments are conveyed to the trestle to two shear plates on the trestle from the flued 
head hubs. Penetration design precludes the transmission of moments from the flued head to the 
containment nozzle because of the bellows provided in the primary seal nozzle assembly. Process 
line loads of sufficient magnitude to displace the guard pipe spacers into the ring spacer will be 
transmitted into containment which then acts as a restraint. This movement, however, is continually 
resisted by both the shear plates and trunnions as mentioned above. Additionally, a jet deflector plate 
is provided such that fluid streams exiting from a postulated process line rupture just inside 
containment cannot cause over-pressurization of the primary bellows. 
 
A Type III penetration assembly is shown on Figure 3.8-9. The penetration assembly is designed to 
accommodate all forces and moments due to both thermal expansion and pipe rupture or 
earthquakes. All process line loads due to the various operating modes are transmitted back to the 
containment penetration nozzle via the flued head and guard pipe. 
 
Table 3.8-10A summarizes the stress levels within selected representative process and guard pipes 
for Type I and Type III penetrations: 
 
a)  The stresses for seismic loadings were obtained from the vendor's flued head finite element 

analysis. 
 
  1) The stressed areas reviewed were the process line to flued head weld area and the 

guard pipe to flued head weld area. 
 
  2) The stresses shown are based upon the maximum stress in the immediate weld area for 

all design loading conditions. 
 
 

   3) Stresses encountered in the flued head are specifically defined by the finite element 
analyses. In Tables 3.8-10B and 3.8-10C, the element receiving the maximum flued 
head stress is listed and compared to its allowable value. More detailed information 
concerning determination of these values is available in Appendices 3G4 and 3G5. In 
summary, the highest stresses in the flued head generally occur in the crotch area of the 
process line - guard pipe flue. Figures of the finite element model used in the stress 
analysis of the flued head assemblies are also provided on pages 3G-65 through 3G-70. 
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b) For both Types I & III penetrations, the highest rupture stresses expected are presented. 
 
 1) In the Type III penetration assemblies, the highest stresses occured at the containment 

vessel nozzle where the penetration is attached. 
 
 2) In the Type I hinged guard pipe, the highest stresses were at the assumed point of rupture, 

the middle of the guard pipe. 
 
 3) For both rupture cases, stresses were compared with yield. As pointed out in Appendix 3G3, 

a 1.5 Sm stress criteria is met. It should be noted that not all eleven Type III penetrations are 
presented in Table 3.8-10A. However, the four selected are representative of those having 
the highest energy potential for various process line sizes (Refer to Figure 3.8-9 listings). As 
presented, penetration 5 is representative of 6, 26 is representative of 27, 36 is 
representative of 37, 38, 39 and penetration 40 is representative of 64. The only size not 
sampled is penetration 44 a 3/4 inch unit. 

 
The containment penetration assemblies are attached to both the containment and their associated 
process pipe. For purposes of design and evaluation thereof, these assemblies are part of the 
process pipe and comply with appropriate code requirements. With regard to the stress level 
acceptance criterion, a value of 3SM is appropriate. The basis for 3Sm allowables for upset, 
emergency and faulted conditions is Section III of the 1968 ASME B&PV code to which the flued 
heads were designed. It defines a 3Sm allowable stress intensity limit for combined primary and 
secondary stresses in Class "A" or "B" components for upset conditions. (See paragraph N-414.4 for 
Class "A" components and N-1314(a) for Class "B" components.) The stresses shown for flued heads 
welds include thermal stresses and seismic displacement stresses, which are secondary stresses. 
Except for fatigue analysis, Class 2 assemblies satisfy the design and material requirements for Class 
1 components. 
 
 
It might be suggested that because of the attachment to containment that some portions of the flued 
head should be considered part of containment. Accordingly, a 3S stress level acceptance criterion 
would be appropriate for some portion of the assembly. Where S is taken from Table VCS-23 of 
ASME Section VIII Division I. Although 3Sm is considered the appropriate stress level acceptance 
criterion, an evaluation with regard to 3S was conducted. For all but one penetration application of the 
3S criterion is inconsequential, i.e., the calculated stresses provided heretofore are well below the 3S 
acceptance criterion. The penetration germane to this discussion is the main steam penetration. The 
study discussed below demonstrates that this penetration also satisfies the 3S criterion. 
 
As part of the 3S study, the application of design loads was reviewed. Loading tables furnished the 
manufacturer specified total moments on an assembly, whereas the manufacturer assumed for 
design and analysis purposes that these total moments were to be applied at both the inboard and 
outboard ends of the penetrations. Thus, the results provided in Tables 3.8-10A, 10B & 10C and in 
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Appendices 3G1 to 3G5 are overly conservative, i.e., the margin between calculated stress intensity 
and the 3Sm criterion is larger than indicated therein. With the total moment properly applied the 
maximum stresses for the penetration in question has been evaluated. The results are that the 
maximum stress intensity is 41,038 psi versus a 3S value of 52,500. Thus the stress intensities 
calculated for the specified design loads for all penetrations comply with both the 3Sm and 3S criteria. 
A discussion of whether a 3S criterion might be more appropriate is therefore somewhat academic. 
 
The design of the penetration assemblies is as follows: 
 
1) Type I Penetrations 
 
A Type I (hot) piping penetration assembly is used where large thermal movements of the process 
pipe have to be accommodated and where the differential between the normal operating temperature 
of the fluid carried by a process line and the containment vessel wall temperature would create 
unacceptable thermal or cyclic stress at the attachment of the vessel penetration nozzle. A Type I 
penetration is shown an Figure 3.8-9. 
 
Type I penetrations are used on the main steam lines and the main feedwater lines. A hot penetration 
assembly has a multiple flued head machined from a solid forging to which are welded in sequence a 
length of process pipe, guard pipe, and a bellows expansion joint. The multiple flued head is welded 
into, and becomes an integral part of, the process line. The inner flue provides support for the guard 
pipe and the outer flue provides support for the expansion joint bellows. The length of guard pipe is 
set so that it extends past the containment vessel penetration nozzle into the vessel. Near the open 
end of the 
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guard pipe lugs are provided on the process pipe to serve as limit stops for lateral movement to 
facilitate distribution of pipe rupture loads, in the event of a slot rupture or pipe whip of the process 
pipe line within the guard pipe. The guard pipe protects the bellows element against a direct steam 
impingement in case of a process line rupture. In order to prevent deflection of the guard pipe from 
overstressing the flued head, at the junction of the flued head and guard pipe, a bellows hinge is 
provided, protected by a liner, to prevent it from being impinged upon. 
 
The expansion joint bellows is attached at one end to the outer flue on the flued head and at the other 
end to the containment vessel penetration sleeve. The expansion joint is provided with a double 
layered bellows that has a connection between the bellows for integrity testing. 
 
A bellows located between the shielded building wall and the flued head, seals the penetration where 
it passes through the concrete shield wall permitting the annulus between the containment and shield 
building to be maintained at a slight negative pressure. This bellows is a special two-ply bellows 
element so constructed as to permit a pressure test of the annulus between the plies. 
 
To provide additional assurance of design adequacy for hot penetrations, an independent review of 
the design of the hot penetration assembly was performed by Ebasco Services, Inc. The procedure 
consisted of review and approval of the specified design conditions and of the detailed design by an 
organization which did not take part in the preparation of the specification or in the detailed design. 
The specification was prepared by the Ebasco mechanical engineering department and the 
independent review of the specification was performed by Ebasco's nuclear department.  Upon 
approval, the specification was issued to the penetration assembly vendor as the basis for design. 
The completed design drawings were subsequently reviewed and approved by Ebasco's mechanical 
engineering department. 
 
2)  Type II Penetrations 
 
A Type II penetration assembly is shown on Figure 3.8-10. This type of penetration is provided for 
pipe lines carrying low temperature (up to 200°F) and low pressure fluids and gases. The principal 
consideration in this design is the provision of a leak-tight seal between the pipe and the containment 
vessel. 
 
This is accomplished by use of sleeves welded into the steel containment vessel by the vessel 
fabricator. The process line is welded directly to a sleeve penetrating the containment vessel. The 
sleeve and containment shell is designed to carry the forces and moments due to all operating 
conditions including a pipe rupture. 
 
3)  Type III Penetrations 
 
A Type III penetration assembly is shown on Figure 3.8-9. 
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For moderate pressures and temperatures over 200 F where there is a possibility of a pipe rupture 
over-pressurizing the annulus, a multiple flued head is used to provide a leak-tight seal between the 
penetration nozzle and the process pipe. 
 
In case of a rupture of the process pipe in the annulus area, the guard pipe acts to direct the fluid 
back into the containment vessel, thus preventing overpressurization of the annulus. The penetration 
is designed to accomodate all forces and moments due to both thermal expansion and pipe rupture. 
 
The following materials are used in the penetration assemblies: 
 
1) Flued head fittings are in accordance with the requirements of: (1) The ASME Boiler and 

Pressure Vessel Code, Section III, Paragraphs N-310 through N-313 and N-1210; (2) ASTM 
Material Specifications A182 Grade F304 alloy steel for stainless steel flued heads and 
ASTM A105 Grade II carbon steel for carbon steel flued heads. 

 
2) Carbon steel pipe is per ASTM A-106, Grade B. For pipe greater than 24 in. NPS ASTM A-155, 

Grade KC-70 was used. 
 
3) Stainless steel pipe is per ASTM A-312 (seamless only) Grade TP-304.  For pipe 10 in. NPS and 

greater, ASTM A-358, Class 1, Grade TP-304 was used. 
 
4) The expansion joint material is ASTM A-240 Type 316L. 
 
The foregoing materials in all cases are compatible with the material of the process line. 
 
d)  Containment Sump Recirculation Suction Lines 
 
A special type of penetration assembly (Type IV) is provided on the suction lines from the 
containment sump. These lines are used following a LOCA to allow recirculation of containment sump 
water by the containment spray and HPSI pumps. Special provisions are made on these lines to 
reduce the possibility of unisolatable leakage of sump water during recirculation. As shown on Figure 
3.8-10, each line consists of a double barrier concentric pipe from the sump up to the suction line 
isolation valve outside the containment. In the event of leakage of the inner process pipe, the outer 
pipe will serve to contain the sump water and no uncontrollable leakage will occur. The penetration 
assembly is designed for the differential motion associated with the DBE. 
 
e)  Fuel Transfer Penetration 
 
A fuel transfer penetration (Type V) is provided to transport fuel rods between the refueling transfer 
canal and the spent fuel pool during refueling operations of the reactor. The penetration is shown on 
Figure 3.8-11 and consists of a 36 in. diameter stainless pipe installed inside a 48 in. pipe. The inner 
pipe acts as the transfer tube and is 
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fitted with a double gasketed blind flange in the refueling canal and a standard gate valve in the spent 
fuel pool. This arrangement prevents leakage through the transfer tube in the event of an accident. 
The outer pipe is welded to the containment vessel and provision is made for testing welds essential 
to the integrity of containment. Bellows expansion joints are provided on the pipe to compensate for 
building settlement and differential seismic motion between the reactor building and the fuel handling 
building. 
 
The bellows expansion joints meet the requirements of ASME Boiler and Pressure Vessel Code, 
Section III. The fuel transfer tube bellows are designed for a 35 foot head of water. The static head of 
water is always less than 35 feet. 
 
Bellows design and construction is such that bellows will not deflect more than its designed amount. 
The bellows is designed to withstand a 60-year lifetime total of 7,000 cycles of expansion and 
compression due to operating thermal expansion and 200 cycles of differential settlement and 
seismic motion. 
 
f)  Equipment and Personnel Access 
 
Two equipment hatches are provided. These are welded steel assemblies with 28'-0" diameter and 
12'-0" diameter clear openings respectively. The 28'-0" diameter hatch cover will be welded back into 
position upon completion of construction. The design is such that post-weld heat treatment is not 
required. 
 
The 12'-0" diameter hatch has a double gasketed flanged and bolted cover.  Provision is made to 
pressurize the space between the gaskets to 44 psig. 
 
Two personnel air locks are provided. These are welded steel assembles. Each lock has two double 
gasketed doors in series. Provision is made to pressurize the space between the gaskets. The doors 
are mechanically interlocked to ensure that one door cannot be opened until the second door is 
sealed. Provisions are made for deliberately violating the interlock by the use of special tools and 
procedures under strict administrative control. Each door is equipped with quick acting valves for 
equalizing the pressure across the doors. The doors will not be operable unless the pressure is 
equalized. Pressure equalization is possible from every point at which the associated door can be 
operated. The valves for the two doors are properly interlocked so that only one valve can be opened 
at one time, and only when the opposite door is closed and sealed. Each door is designed so that 
with the other door open, it will withstand and seal against design and testing procedures of the 
containment vessel. There is visual indication outside each door showing whether the opposite door 
is open or closed and whether its valve is open or closed. In addition, limit switches are provided to 
indicate remotely whether doors are open or closed. Control room annunciation is provided for 
indication of the Personnel Airlock. Status of the Emergency Escape Air Lock is provided on the 
security display panel. Provision is made outside each door for remotely closing and latching the 
opposite door so that in the event that one door is accidentally left open it can be closed by remote 
control. The air-locks have nozzles installed which will permit pressure testing of the lock at any time. 
 
An interior lighting system and a communications system are installed. 
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These systems are capable of operating from the emergency power supply. 
 
3.8.2.1.11 Vacuum Relief 
 
Protection of the containment vessel against excessive external pressure is provided by two 
independent vacuum relief lines.  The arrangement of instrumentation and valving is shown on Figure 
9.4-2. 
 
Each vacuum relief assembly consists of a check valve inside and an automatic air operated butterfly 
valve outside the containment vessel.  Actuation of the butterfly valve in controlled by differential 
pressure between the shield building annulus and the containment vessel.  A transmitter senses the 
differential pressure and provides a signal to the pilot solenoid on the air operated butterfly valve to 
open the valve at a differential pressure of 2.5 in. wg.  The other switch provides an alarm signal at 4 
in. wg.  The check valve is counter weight balanced to open at a differential pressure of 1.1 in. wg. 
 
The Regulatory staff has requested a series of parametric studies for conditions more severe than 
above. Section 6.2.1.1 demonstrates the acceptability of the valves. 
 
3.8.2.1.12 Containment Vessel Coating 
 
The original coating system used on the containment vessel is as follows: 
 
a) A prime coat of inorganic zinc paint of an average dry film thickness of 2.5 mils. 
 
b) A finish coat of phenolic paint of 4 mils dry film thickness. 
 
Before selecting this coating system sample coupons of SA-516 Gr 70 material of the same nominal 
thickness and with the same surface preparation as the containment vessel shell were coated with an 
average dry film thickness of 2.5 mils of inorganic zinc paint.  These coupons were placed in a 
pressure vessel about to be post weld heat treated and subjected to the same heat and for the same 
holding time as was the containment vessel, using a similar type of heat source. 
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When cool, the coupons were examined for deterioration of the coating, and there was no evidence of 
this.  The coupons were then coated with 4 mils of phenolic paint and subjected to simulated LOCA 
conditions.   Test reports show that the LOCA conditions had no degrading effect on the coating 
system either by flaking, delamination, peeling, blistering or chalking.  Refer to Section 3.8.3.6.1 for 
more information on coatings used inside the containment. 
      
3.8.2.1.13  Structural Pre-Operational Quality Control and Testing 
      
a)  General Requirements 
      
Test, code and cleanliness requirements accompany each specification or purchase order for 
materials and equipment.  Tests to be performed by the manufacturers are enumerated in the 
specifications together with, the requirements, if any, for test witnessing by inspectors.  Fabrication 
and cleanliness standards, including final cleaning and sealing are also described together with 
shipping procedures.  Standards and tests are specified in accordance with applicable regulations, 
recognized technical society codes and current industrial practices. 
 
The containment vessel manufacturer is required to submit design calculations, drawings, and weld 
procedures to the applicant for review by the engineer/constructor before the performance of any 
work.  This review, and review of work during construction, assures compliance with applicable codes 
and specifications. 
 
All welders and welding procedures are qualified in strict accordance with, and meet the requirements 
of Section IX of the ASME Code.  Prior to the start of welding operations, the vessel manufacturer 
provided the applicant and his engineer with copies of the qualified welding procedure specifications 
and reports of the results of the qualification tests for each welder or welding operator. 
 
All longitudinal and circumferential welds in the shell of the containment vessel are double-welded full 
penetration butt joints.  All butt joints in any accessories subject to the ASME Code are full 
penetration welds. 
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All welds subject to the ASME Code are 100 percent radiographed or otherwise examined in 
accordance with the ASME Code.  Welds which cannot be radiographed, or where the interpretation 
of radiographs would be open to doubt are examined by the magnetic particle, liquid penetrant or 
ultrasonic method. 
 
In manual arc-welding, the electrodes are of the low hydrogen type.  All welding filler metal has 
mechanical properties which are similar to the base metal.  All automatic welding is by the 
submerged-arc process. 
 
Preheat in accordance with the ASME Code is applied to all seams whose thickness exceeds 1-1/4 
inch regardless of the surrounding air temperature.  Preheat at 100 F is applied to thinner seams if 
the surrounding air temperature falls below 40 F and/or the surfaces to be welded are damp. 
 
b)      Post-Weld Heat Treatment 
 
Post-weld heat treatment was performed as required by and in accordance with the ASME Code.  For 
field post-weld heat treatment, after the vessel was completely erected and welded, it was externally 
insulated with a temporary blanket type insulation suitable for the post-weld heat treatment operation, 
and attached mainly by banding.  Temporary supports, covers and insulation, required for effecting 
the post-weld heat treatment operation were attached with a minimum of welding to the vessel. 
 
Thermocouples of the Iron-Constantan type were used to monitor temperatures during the post-weld 
heat treatment operation, and were located as to indicate representative temperatures of areas of the 
vessel.  Thermocouples were used to monitor temperatures of the vessel shell and bottom head, and 
to serve as control points on the top head (which does not require heat treatment because of lesser 
thickness) during the heat treatment cycle.  The thermocouples were attached by welding to the 
outside surfaces of the vessel.  The hot or measuring junctions of the thermocouples were protected 
by special sleeves welded to the part 
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being monitored. 
 
The heating of the vessel was done with luminous flame oil burners firing through openings in the 
bottom and sides of the vessel and arranged in such a way that the heat was evenly distributed 
throughout the vessel during the heat-up and holding periods without flame impingement on any part 
of the vessel.  Combustion products were exhausted through an opening in the top of the vessel. 
 
Temperatures at the thermocouple locations were simultaneously recorded against time on a direct 
reading strip chart using multiple point potentiometer type instruments. 
 
Heat-up rates, holding temperatures and times, cool-down rates and temperature gradient restrictions 
were in accordance with Section III, Subsection B, of the ASME Pressure Vessel Code. 
 
During heat-up from ambient to holding temperature (1150F), the vessel became approximately 14 
inches larger in diameter.  Special attention was given the temporary peripheral supporting columns 
during the post-weld heat treatment cycle.  In order to prevent the development of excessive stresses 
at the columns-to-vessel connections and in the columns themselves, provisions were made for the 
bases of the columns to move radially outward during the heat-up period and inward during the cool-
down. 
 
Upon completion of the post-weld heat treatment operation, the insulation and other temporary items 
were removed and temporary attachment weldments ground smooth. 
 
c)      Materials Testing 
 
Charpy V-Notch impact tests are made on material, weld deposit, and the base metal weld heat 
affected zone employing a test temperature of not higher than 0 F. The requirements of the ASME 
Code, Paragraph N-1211 are met for all materials under jurisdiction of the code. 
 
Impact test of weld deposit and base metal weld heat affected zone is made for each welding 
procedure requiring ASME Code, Section IX qualifications. 
 
Specimen removal from the test weld must conform to the requirements of ASME Code Section IX 
and removal of the impact specimens is in accordance with Paragraph N-541.3. 
 
d)      Pressure Testing 
 
On completion of fabrication and post-weld heat treatment of the containment vessel, and prior to the 
installation of penetration internals, pneumatic tests are performed in accordance with the applicable 
requirements of the ASME Code to demonstrate the integrity and leak tightness of the completed 
vessel.  All testing is performed prior to the concrete fill-being placed under the vessel. 
 
A soap bubble inspection test is conducted with the vessel pressurized 
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to 5 psig.  Soap suds are applied to all weld seams and gaskets, including both doors of the 
personnel air locks.  A second soap bubble inspection test is performed at 39.6 psig upon completion 
of the over-pressure test in accordance with the requirements of the ASME Code.  After successful 
completion of the initial soap bubble test, a pneumatic pressure test is made on the containment 
vessel and each of the personnel air locks at a pressure of 49.5 psig.  Both the inner and outer doors 
of the personnel air locks are tested at this pressure.  The test pressure in the containment vessel is 
maintained for at least one hour.  The test pressure is maintained on each individual airlock door for 
at least one-half hour.  Following a successful completion of the over-pressure test, a leakage test at 
44 psig pressure is performed on the containment vessel with the personnel airlock inner doors 
closed.  Pressure is maintained for whatever length of time is required to demonstrate full compliance 
with the leak tightness requirements.  The leakage rate is determined by the "reference system 
method" which consists of measuring the pressure differential between the contained air and that of a 
hermetically closed reference system within the containment vessel. 
 
The equipment used is capable of measuring with an accuracy consistent with the measurements to 
be made.  Continuous hourly readings are taken until it is satisfactorily shown that the total leakage 
during any 24-hour period does not exceed 0.2 percent of the total contained weight of air. 
 
The tests of the airlocks include operational testing and an overpressure test. 
 
After completion of the airlocks, including all latching mechanisms and interlocks, each airlock is 
given an operational test consisting of repeated operation of each door and mechanism to determine 
that all parts are operating smoothly without binding or other defects.  All defects encountered are 
corrected and retested.  The process of testing, correcting defects, and retesting is continued until no 
defects are detectable. 
 
The airlocks are pressurized with air to 49.5 psig.  All welds and seals are observed for visual signs of 
distress or noticeable leakage.  The airlock pressure is then reduced to 39.6 psig, and a soap solution 
is applied to all welds and seals and observed for bubbles or dry flaking as indications of leaks.  All 
leaks and questionable areas are clearly marked for identification and subsequent repair. 
 
The internal pressure of the airlock is reduced to atmospheric pressure and all leaks repaired after 
which the airlock is again pressurized to 39.6 psig with air and all areas suspected or known to have 
leaked during the previous test are retested by above soap bubble technique.  This procedure is 
repeated until no leaks are discernible by this means of testing. 
 
e)     Penetrations 
 
Penetration closure devices for electrical and piping penetrations are purchased by written 
specification from suppliers with tested 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.8-50 
  



 

 

closure devices for similar service.  Performance data from prototype closures of similar or identical 
design is required as part of vendor qualifications. 
 
Pipe penetrations which must accommodate thermal movement are provided with expansion bellows.  
The bellows expansion joints are designed to withstand containment vessel maximum internal 
pressure and can be checked for leak-tightness when the containment vessel is pressurized.  In 
addition, these joints are provided with a second seal and test tap so that the space between the 
seals can be pressurized to the maximum internal pressure to permit testing the individual 
penetrations for leakage at any time. 
 
Penetrations which are welded directly to the containment vessel can be leak tested by pressurizing 
the entire containment vessel. 
 
Electrical penetrations are also provided with double seals and are separately tested.  The test taps 
and seals are so located that the leakage tests of the electrical penetrations can be conducted 
without entering or pressurizing the containment vessel.  Electrical penetration assemblies are tested 
in accordance with IEEE-317. 
 
All containment closures which are fitted with resilient seals or gaskets are separately tested to verify 
leak tightness.  The covers on flanged closures are provided with double seals and with a test tap 
which will allow pressurizing the space between the seals without pressurizing the entire containment 
system.  In addition, provision is made so that the space between the airlock doors can be 
pressurized to full containment vessel maximum internal pressure. 
 
3.8.2.1.14  Post-Operational Testing and Inspection  
 
a)      Leakage Rate Testing 
 
Periodic leakage rate tests of the containment vessel and leak tests of the testable penetrations will 
be conducted as described in Section 6.2 to verify their continued leak-tight integrity. 
 
b)      Surveillance of Structural Integrity 
 
A steel shell pressure containment vessel, designed, fabricated, inspected and pressure tested in 
accordance with the ASME Boiler and Pressure Vessel Code and protected by the-concrete shield 
building will offer continued structural integrity over the life of the unit.  The vessel receives a code 
stamp from an authoritative body and represents the most recent developments in the techniques of 
pressure vessel design and fabrication that are backed up by years of research, testing and 
successful in-service experience.  Therefore, it is contemplated that there will be no need for any 
special in-service surveillance program other than visual inspection of the exposed interior and 
exterior surfaces of the containment vessel. 
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3.8.2.2       Shield Building  
 
3.8.2.2.1       Description 
 
The shield building is a reinforced concrete structure of right cylinder configuration with a shallow 
dome roof surrounding the containment vessel.  An annular space of 4 ft minimum is provided 
between the containment vessel and the interior face of the concrete shield building to permit 
construction operations and periodic visual inspection of the steel containment vessel.  The volume 
contained within this annulus is 543,000 cu. ft. 
 
The shield building has a height of 230.5 feet measured from the top of foundation base to the top of 
the dome.  The structure consists of cylinder wall measuring 200 feet from the base to the springline 
of the dome with an inside diameter of 148 feet.  The cylinder wall is 3' 0 thick except for two different 
thickness, i.e., 5 feet and 8 feet, in the area of 15 feet from the bottom of the wall.  The dome consists 
of 2.5 feet thick concrete with an inside radius of 112 feet. 
 
3.8.2.2.2       Design Conditions 
 
The design of the shield building provides for biological shielding, controlled release of the annulus 
atmosphere under accident conditions, and environmental protection of the containment vessel. 
 
The following loadings are considered in the design of the shield building:  
 
a)    Dead Loads 
 
Dead load consists of the dead weight of the shield building, the containment vessel, grout under the 
containment vessel, the foundation slab, the weight of structural steel and the concrete interior 
structure within the containment vessel. 
 
Densities used for dead load calculation are as follows: 
  
 1) Concrete: 138 lb/cu ft 
  
  2) Steel reinforcing: 489 lb/cu ft using nominal cross-section 
       areas of reinforcing bar sizes. 
  
   3) Steel containment vessel: 489 lb/cu ft 
  
  
b)    Loss of Coolant Accident Load 
 
The loss of coolant accident load is determined by analysis of the pressure and temperature 
transients in the annulus during a loss of coolant accident (LOCA).  The shield building ventilation 
system is designed to keep pressure in the annulus within design pressure under this condition (see 
Section 6.2). 
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c)    Live Load 
 
Live load on the dome which is uniformly applied to the top surface of dome at an assumed value of 
30 lb per horizontal plan projection square foot in accordance with the local building code.  Live load 
is not considered in conjunction with loss of coolant accident load, and is intended only to assure 
structural adequacy of the roof. 
 
d)    Hurricane Wind Load 
 
Hurricane wind loading for the shield building is based on 194 mph wind including gust factors with no 
variation of wind velocity with height, acting concurrently with an additional 1.5 psi differential 
pressure. 
 
e)    Tornado Load 
 
The shield building has been analyzed for tornado loading (not coincident with earthquake) on the 
following basis to insure no loss of function. 
 
Lateral force on the shield building is assumed as the force caused by a tornado having a 300 mph 
peripheral tangential velocity plus a 60 mph translational velocity for a total of 360 mph, together with 
a differential pressure of 3.0 psi between the inside and the outside of the shield building applied as a 
static pressure (see Section 3.3.2). 
 
f)    Temperature Load 
 
The shield building does not feel the thermal effects of the accident.  But the normal operating 
thermal gradients across the wall and dome will cause thermal expansion stresses.  Two extreme 
conditions were considered. 
 
  1) Summer operation: 
  
  a) Operating temperature inside containment = 120 F 
  
  b) Exterior sustained concrete temperature = 95 F 
  
  
  2) Winter operation: 
  
  a) Operating temperature inside containment = 95 F 
  
  b) Exterior sustained concrete temperature = 35 F 
  
  
In any case, the "as constructed" temperature was assumed at 70 F. 
 
g)   Uplift Due to Buoyant Forces 
 
Uplift forces which are created by the displacement of ground water by the structure have been 
accounted for in the design. 
 
h)   Seismic Loads 
 
Seismic loads are computed using the following: 
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  1) OBE horizontal seismic ground acceleration is 0.05 g.  
  
   2) DBE seismic ground acceleration is 0.10 g.  
  
   3) Vertical component of 2/3 of the horizontal ground acceleration is applied simultaneously 

with the horizontal acceleration. 
   
The seismic analysis has been based on a structural dynamic analysis as discussed in Section 3.7.2. 
 
i)   External Missiles 
 
The shield building is designed to withstand, without loss of function, a tornado driven missile 
equivalent to a 10 foot long 2 inch x 4 inch timber traveling at 360 mph, or a 4000 lb automobile 
traveling at 50 mph.  Turbine missiles have been considered (see Section 3.5). 
 
3.8.2.2.3     Leakage Rate 
 
The shield building is designed so that its leakage rate at 1/4 inch of water is not greater than the 
quantities indicated in Table 6.2-2. 
 
3.8.2.2.4     Codes 
 
The shield building is designed in accordance with applicable portions of the ACI Code 318-63 and 
state and local building code requirements. 
 
3.8.2.2.5     Materials 
 
Specifications and working drawings for materials and their installation are of such scope and detail 
as to assure the desired integrity of the shield building. 
 
a)    Concrete 
 
The aggregate as a minimum conforms to all the requirements of "Specification for Concrete 
Aggregates" ASTM-C33.  Mixing water is required to pass ACI 318 requirements. 
 
Concrete tests mixes are determined using the same materials being furnished for the job.  Test 
cylinders are prepared and tested with results studied when 7 and 28 days old. 
 
Air entraining agents are used.  Retarding agents are added when field construction conditions make 
it desirable.  Air entraining admixtures conform to ASTM-C 260.  Retarding agents conform to ASTM-
C 494. In no case is calcium chloride used in admixture. 
 
b)      Reinforcement 
 
All required reinforcing is new billet steel in accordance with ASTM A615-68. 
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Mill tests results are obtained from the reinforcing steel supplier for each heat of steel to show proof 
that the reinforcing steel has the specified composition, strength and ductility.  Bars No. 11 and 
smaller are lap spliced in accordance with ACI 318-63, Section 805. 
 
No cadweld splices are used. 
 
All reinforcing steel is shipped to the job in bundles bearing a tag identifying its size, grade and code 
number keyed to heat numbers.  This information is verified by certified mill test reports which 
accompany each shipment of reinforcing steel. 
 
3.8.2.2.6        Load Combinations 
 
The design is based upon limiting load factors which are used as the ratio by which loads are 
multiplied for design purposes to ensure that the load/deformation behavior of the structure is one of 
elastic, small strain behavior at the design load.  The load factor approach was used in this design as 
a means of making a rational evaluation of the isolated factors which must be considered in assuring 
an adequate safety margin for the structure.  This approach permits the designer to place the greatest 
conservatism on those loads most subject to variation and which most directly control the overall 
safety of the structure.  In the case of the shield building, therefore, this approach places minimum 
emphasis on the fixed gravity loads and maximum emphasis on earthquake or wind loads.  The loads 
hereafter referred to as factored loads, utilized to determine the required limiting capacity of any 
structural element of the shield building were computed as follows: 
 
 a) (1.0 + 0.05) (D + T) + 1.25 LOCA + 1.25 OBE 
  
 b) (1.0 + 0.05) (D + T) + 1.25 LOCA + 1.25 Hu 
  
 c) (1.0 + 0.05) (D + T) + 1.25 OBE 
  
 d) (1.0 + 0.05) (D + T) + 1.25 Hu 
  
 e) (1.0 + 0.05) (D + T) + 1.0 LOCA + 1.0 DBE 
  
 f) (1.0 + 0.05) (D + T) + 1.0 DBE 
  
 g) (1.0 + 0.05) (D + T) + 1.0 W 
  
 h) (1.0 + 0.05) (D + T) + 1.5 LOCA 
  
 i) 1.5 (D + T) + 1.8 L 
  
 j) 1.25 (D + T) + 1.25 P  
 
Where: 
 
D = Dead Loads of structures and equipment plus any other permanent 
       loading contributing stress, such as hydrostatic or soil. 
  
L = Live load. 
 
OBE = Operating basis earthquake load. 
 
DBE = Design basis earthquake load. 
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W = Tornado load including differential pressure. 
 
P = Internal pressure not associated with tornado. 
 
Hu = Hurricane load including differential pressure. 
 
LOCA =  Loss of coolant accident loads including pressure and temperature loads acting on the shield 

building. 
 
T = Thermal loads due to normal operating temperature gradient through the walls. 
 
3.8.2.2.7 Load Factors 
 
The following are descriptions for load factors used in the design equations in Section 3.8.2.2.6: 
 
a) Dead Load 
 
The dead load factor for the shield building design is 1.0 ± 0.05 in combination with the other factored 
loads.  The reason for using this load factor is that the dead weight of the shield building can be 
accurately determined because of its simple geometric configuration.  The deviations of the dead load 
due to construction tolerances and the uncertainties of attached equipment and piping loads is within 
5 percent of the dead weight.  Nonetheless, the ACI loading recommendations are also checked (load 
cases (i) and (j) in Section 3.8.2.2.6). 
 
b) Live Load 
 
In general live load is not present during plant operation.  Live load is considered only during 
shutdown.  A factor of 1.8 is used for the live load in accordance with the ACI 318-63 code in 
investigating this condition. 
 
c) Earthquake Loads 
 
For the OBE of 0.05 g ground acceleration, a factor of 1.25 is used in combination with the other 
factored loads in designing both the shield building and the containment internal structure.  The 
selection of this load factor is in agreement with past and current practice of concrete containment 
design for nuclear power plants and also the ACI 318-63 code.  Under the DBE condition of 0.10 g 
ground acceleration a factor of 1.0 is used both for the shield building and the containment internal 
structure. 
 
The factor of unity is consistent with the loading condition which is to demonstrate no loss of function 
under a maximum potential loading condition. 
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d) Hurricane Load 
 
The shield building is designed to withstand the hurricane load and the associated negative pressure.   
The design load factor is 1.25 in combination with the other factored loads in accordance with the ACI 
318-63 code. 
 
e) Tornado Load 
 
The shield building is designed to withstand the tornado load and the associated pressure differential 
without loss of function.  A load factor of 1.0 is used and is consistent with the loading condition and 
demonstrates no loss of function under tornado loading. 
 
f) Temperature Load 
 
The shield building and the containment internal structure are designed for thermal loads 
(temperature gradients) in combination with the other factored loads.  Accurate extremes can be 
determined in establishing the temperature gradient through walls, dome and slabs.  Therefore a 
thermal load factor of unity with variations of ± 5 percent is used for the shield building.  The 
variations in load factors are consistent with the degree of structural complexities in the structures, 
and are considered in the same category as dead loads. 
 
g) Loss of Coolant Accident Load 
 
The steel containment vessel practically isolates the shield building from the reactor coolant system 
and therefore eliminates significant pressure and temperature loads on the shield building during an 
accident.  However, small pressure build-ups and temperature changes do occur in the annulus 
during the accident.  These are taken into account in design.  The load factor for the LOCA is 1.25 in 
combination with the other factored loads.  The shield building is also analyzed for one and one-half 
times the LOCA load for no loss of function. 
 
h) Miscellaneous Loads 
 
During a loss of coolant accident, the containment internal structure is subjected to such accident 
loads as pressure, thermal, internal missile, jet force, and piping anchor loads. Load factors are 
assigned to different load sources in loading combinations as shown in Section 3.8.2.2.6.  The load 
factors are assigned recognizing the degree of accuracy available in determining the loading and also 
the unlikely combination of simultaneous load occurrences. 
 
3.8.2.2.8  Allowable Stress Criteria 
 
Using the factored load combinations as defined in Section 3.8.2.2.6, the various components of the 
shield building structure have the required load capacity when the stresses in them do not exceed the 
yield strengths of the materials used.  The yield capacity of all load carrying structural elements has 
been reduced by a yield capacity reduction factor (φ) as given below. 
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Yield Capacity Reduction Factors: 
 
a) φ = 0.90 for concrete in flexure. 
 
b) φ = 0.85 for diagonal tension, bond and anchorage concrete. 
 
c) φ = 0.75 for spirally reinforced concrete compression members. 
 
d) φ = 0.70 for tied compression members. 
 
e) φ = 0.90 for fabricated structural steel. 
 
f) φ = 0.90 for mild reinforcing steel in tension (excluding splices). 
 
g) φ = 0.90 for mild reinforcing steel in tension with mechanical splices. 
 
The φ factors are provided to allow for variations in materials and workmanship. In the ACI Code 318-
63, (p varies with the type of stress or member considered; that is, with flexure, bond or shear stress, 
or compression. 
 
The φ factor is multiplied into the basic strength equation or, for shear, into the basic permissible unit 
shear to obtain the dependable strength. The basic strength equation gives the "ideal" strength 
assuming materials are as strong as specified, sizes are as shown on the drawings, the workmanship 
is excellent, and the strength equation itself is theoretically correct. The practical, dependable 
strength may be something less since all these factors vary. 
 
The ACI Code provides for these variables by using the first four factors listed. 
 
The additional 0 values used represent the engineer constructor's best judgment of how much 
understrength should be assigned to each material and condition not covered directly by the ACI 
Code. The additional φ factors have been selected based on material quality in relation to the existing 
φ factors. 
 
Coventional concrete design of beams requires that the design be controlled by yielding of the tensile 
reinforcing steel. This steel is generally spliced by lapping in an area of reduced tension. For 
members in flexure, ACI uses φ = 0.90. The same reasoning has been applied in assigning a value of 
φ = 0.90 to reinforcing steel in tension, which now includes axial tension. However, the code 
recognizes the possibility of reduced bond of bars at the laps by specifying a φ of 0.85. Mechanical 
splices will develop at least 125 percent of the yield strength of the reinforcing steel. Therefore, φ = 
0.90 is recommended for this type of splice. 
 
 
 
 
 
 
 
 
 
 
 3.8-58 



 

 

 

3.8.2.2.9 Design Analysis Methods 
 
a) Structural Model 
 
The SHELLS program is used to analyze the shield building design.  The structural model used in the 
analysis is shown in Figure 3.8-14.  The model consists of four regions to adequately represent the 
geometrical configuration of the shell.  The SHELLS program utilizes a finite difference approach for 
the solution of the reduced shell equations.  Each region is divided into equal finite increments 
referred to as stations. 
 
In this model Region I represents the dome with 85 stations at 11.1 inch increments.  An eccentricity 
of 0.13 inches is introduced at the end of the region because of the centerline offset between the 
dome and the shell. 
 
Region II extends from the dome (elevation 2412 inches) to elevation 1356 inches and has 89 
stations (12 inch increments each).  This region ends far from the openings in the lower part of the 
shell so that the holes will have negligible effect on the internal loads. 
 
Region III extends from Region II to the start of the region of abrupt change in wall thickness at 
elevation 186 inches.  This region has 99 stations of 11.93 inch increments each. 
 
Region IV represents the thick portion of the shell (60 inch wall thickness) and extends from Region 
III (186 inches) to the elevation ‘0' (slab interface).  This region is divided into 17 stations of 11.625 
inch increments each. 
 
The boundary conditions used were:  a closed apex at the start of Region 1, and completely clamped 
ends at the end of Region IV approximating a rigid connection to the bottom slab. 
 
b) Loading Conditions 
 
The SHELLS program accepts external loads in the form of applied pressures.  Nine loading 
conditions were analyzed; all loads were converted into pressure loads in psi units.  The 
nomenclature used to describe the input of these pressures is described in the following figure: 
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The terms used for the i th station are defined as follows: 
 

 P
iN
= Normal pressure 

 

 P
i

θ  = Circumferential pressure 

 

 P
i

ξ  = Meridional pressure 

 
Each component of pressure is shown in its assumed positive direction. 
 
1)  Condition 1, Dead Load. 
 
A uniform dead load of 0.15 lb/ft 3 (0.0867 lb/in 3 ) was applied to the entire shell model as shown in 
Figure 3.8-15. The pressure distribution for each region is: 
 
Region    Region 
  Region 
 I:   P

iN
=   -2.6 cos φi 

 II & III:  P
iN
=  0 IV: 

 P
iN
=  0 

 

 P
i

θ =   0   

  P
i

θ =  0  P
i

θ =  0 

 

      P
i

ξ =  2.6 sin φi  

  P
i

ξ =  3.12 P
i

ξ =   5.21 

 
 2)  Condition 2, Live Load 
 
A uniform live load of 0.03 ksf (0.208 psi) was applied vertically to the dome (Region I) only, as shown 
in Figure 3.8-16. The pressure distribution for each region is: 
 

Region I:  P
iN
=  -.208 cos φi Regions II, III and IV are all zero. 

 

  P
i

θ =  0 

  
  P

i
ξ =  .208 sin φi  

 
 3) Condition 3, Uniform Internal Pressure Load 
 
A uniform internal pressure of 0.432 ksf (3.0 psi) was applied to the structure on Regions I, II, and 
Region III as shown in Figure 3.8-17; the load was applied only above grade level, station 91. 
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4)  Conditions 4 and 5, Tornado and Hurricane Loads 
 
Two independent wind loads were applied to the structure: a tornado load at 300 mph, and a 
hurricane load at 194 mph. Both loads have the same distribution over the structure, i.e. symmetric 
about one centerline as shown in Figure 3.8-18. The pressure distribution is based on four terms of 
Fourier expansion as follows: 
 
 P = P0 + P1 cos θ + P2 cos 2θ + P3 cos 3θ 
  
 
The values of these coefficients for each region for the tornado case are: 
 
Region I:  P0 = -2.02 (P1 = P2 = P3 = 0) 
 
Regions II and III (to station 91): P0 = 1.277 
    P1 = -.586 
    P2 = -1.947 
    P3 = -.826 
 
For the hurricane case the coefficients are: 
 
Region I:  P0 = -.674 (P1 = P2 = P3 = 0) 
 
Regions II and III (to station 91): P0 = .4225 
    P1 = -.195 
    P2 = -.6461 
    P3 = -.2747 
 
 No loads were applied below ground level. 
 
5)  Condition 6, Temperature Loads 
 
Two temperature cases were analyzed as shown in Figure 3.8-19. Case I considers a unit 
temperature gradient. It was assumed the temperature increased inward. The reference temperature 
for the external environment was taken as zero and the internal environment as 1 F (i.e. providing the 
required unit gradient). Case 2 considers a unit homogeneous increase of temperature. This is 
accomplished by assuming a zero reference temperature and a 1 F temperature uniformly distributed 
throughout all four regions. 
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6)  Conditions 7 and 8, Lateral Loads Due to Soils and Ground Water 
 
Two cases of soil and ground water pressure were considered as shown in Figure 3.8-20. These 
loads were assumed to be uniformly distributed in the circumferential direction of the shell. For each 
case the water and ground pressures were superimposed to create a single load per case as shown 
in details in Figure 3.8-21. Note that elevation '0' is the interface of the shell with the bottom slab. 
 
7)  Condition 9, Seismic Load 
 
The seismic load was applied to the structure as shown in Figure 3.8-22. The pressure distribution in 
the circumferential direction is: 
 
  p = -P1cos θ + P1sin θ 
 
The values of P1 for each are a function of Gi, where Gi is the acceleration at station i. 
 
 Region I: P1 = 2.6 G i 
 
  Regions II and III: P1 = 3.13 G i 
 
  Region IV: P1 = 5.2 G i (Gi= .136) 
 
The seismic analysis of the shield building is discussed in detail in Section 3.7.2. 
 
The results of the structural analysis are discussed in Section 3.8.2.2.11. 
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3.8.2.2.10  Structural Design 
 
The reinforced concrete shield building and foundation mat are designed by the Ultimate Strength 
Design Method in accordance with ACI 318-63. The summation of loads with load factors as shown in 
Section 3.8.2.2.6 provides the design basis of the shield building. 
 
Steel reinforcing is placed in the concrete walls, dome and foundation to control cracking due to 
concrete shrinkage and temperature gradients. 
 
The design of the shield building is based on an elastic behavior of steel reinforcement during design 
basis earthquake controlling cracking of concrete and impairment of leak tight integrity. 
 
The personnel and equipment hatch openings and the major piping penetrations through the shield 
building are designed such that all the anticipated loads are carried by frame action around the 
openings. This frame action is achieved by adding sufficient reinforcement around the perimeter of 
the openings. Diagonal bars at each corner of the opening are added to provide the horizontal and 
vertical shear resistance. 
 
a)  Foundation Slab 
 
The foundation slab as shown on Figure 3.8-23 consists of a 10 feet thick dish shaped concrete slab 
with an over-all diameter of 160 feet. A circular flat slab of 57 feet 6 inches diameter is located in the 
center portion of the slab inclining up with a slope 4 horizontal to 1 vertical in an elevation difference 
of 10.5 feet. 
 
The foundation slab of the containment vessel and shield building has no structural continuity with the 
foundation slab of any adjacent building. 
 
The design provides for the relative static settlements that could occur between structures as dead 
load is placed on the slab during construction. 
 
The design considers the elastic relative settlement between structures during earthquake and the 
relative horizontal deformations between structures due to the rocking and translation motions of the 
foundations as well as the elastic properties of structures. 
 
The concrete in the foundation slab has 4,000 psi compressive strength. All reinforcing steel is ASTM 
A615-68 (40,000 psi yield strength).  Design of the foundation slab is in accordance with applicable 
portions of ACI 318-63 Part IV-B. 
 
Stress analysis of the foundation slab was performed using the finite element method. A loading 
combination of dead load, tornado and summer temperature gradient is governing for design in the 
most portions of the slab. 
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Reinforcing steel, as shown in Figure 3.8-24 is placed in radial and circumferential directions except 
that a two-way reinforced circular core of 14 feet diameter is placed in the center portion of the slab. 
The radial and hoop reinforcing steel is so designed to resist the radial loads and hoop loads 
respectivity. 
 
During the construction stage, the cylinder wall is placed up to the spring line of the dome before the 
dewatering process is terminated to overcome buoyancy forces. The stresses on the slab have been 
investigated for this construction stage. However, this initial design was found not to govern the 
design of the slab. 
 
b)  Cylinder Wall 
 
The cylinder wall is 148 feet inside diameter, 200 feet from the top of foundation base to the 
springline of the dome. The wall is 3 feet-0 inches thick except in the area of 15 feet on the bottom of 
the wall where there are two different thicknesses, i.e., 5 feet and 8 feet. Figures 3.8-25 and 3.8-26 
show the masonry dimensions and outline. 
 
Both the cylinder wall and dome are designed to resist the membrane stresses imposed by the 
combination condition of dead load, temperature and tornado force, and local shears and moments 
resulting from secondary loads caused by discontinuities. 
 
The hoop and vertical reinforcing steel of the cylinder wall is ASTM A-615-68 new billet steel. The 
concrete in the cylinder wall is 4,000 psi compressive strength. 
 
The analytical method being applied to the cylinder wall and dome for axisymmetric and non-
axisymmetric loads is the SHELLS program which uses a finite difference approach for the solution of 
the reduced shell equations. The structural model and input loading conditions used in the analysis 
are given in Section 3.8.2.2.9. 
 
The results of the structural analysis are discussed in Section 3.8.2.2.11. 
 
The shield building is designed within the elastic limit of the building materials for all loading 
combinations. The applicable sections of the ultimate strength design method of ACI 318-63 and ACI 
Title No. 61-59, "Concrete Shell Structures Practice and Commentary," have been used for the 
design of the shell structure. 
 
The reinforcing steel in the cylinder wall has been distributed in a vertical hoop pattern. The vertical 
and hoop reinforcing steels are designed to resist the vertical and tangential stresses respectively. In 
addition, a principle stress analysis has been pursued in areas of high in-plane shear. The results of 
this analysis were used to verify the adequacy of the reinforcing layout as acknowledged by ACI 
Committee 334 in the Report Title No. 61-59 when the reinforcing direction having a deviation from 
the direction of the principle stress is more than 15 degrees. The allowable stress decrease of 5 
percent is considered to compensate for each additional degree of the deviation above 15 degrees. 
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The provisions for reinforcement lap splicing and stagger have been in accordance with ACI Code 
318-63 para. 805 (b) for deformed bars having a specified yield strength of 40,000 psi and for 
concrete having a specified strength of 4,000 psi. Contact splices were generally used in the design 
where the spaced lap splices were used. The maximum spacing of bars was within one-fourth the lap 
length as recommended by CRSI. 
 
The concrete in some portion of the wall is completely cracked both in vertical and horizontal direction 
under the most critical loading combinations. In the cracked sections, the radial and tangential shears 
are developed in the reinforcing steel by dowel action across the cracks (Reference 4). The shear 
friction across the interface of the cracks is assumed insignificant for a conservative design. The 
dowels are designed so as to develop a bearing stress on the concrete no greater than the ultimate 
bearing strength of the concrete and not to cause local crushing of the concrete at a crack. For a No. 
11 steel bar, the allowable load-transfer capacity is about 3,000 lb, as recommended by ACI 
Committee 325 published in the July 1956 Journal of the American Concrete Institute. 
 
For construction practice, vertical and horizontal construction joints are provided on the cylinder wall. 
The lifts are 10 feet high of conventional forming and divided into three vertical placements per 
cylinder lift at a typical 120 degrees apart with staggered vertical joints on every lift. The shear flow 
along the horizontal construction joint caused by the seismic and wind load is resisted by a concept of 
shear friction (Reference 5). Because the reinforcement is well anchored on both sides of the 
construction joint, any separation will develop tension in the reinforcement which provides an external 
clamping force on the concrete resulting in a friction force along the interface of the construction joint. 
 
Two extreme temperature conditions for normal operation are given in Section 3.8.2.2.2. However, 
they were not applied in the design of the cylinder wall below grade. A constant temperature of 70 F 
(construction temperature) has been assumed on an el-5 feet. By linear interpolation, the average 
temperatures on the outer face of the 5 foot thick wall are 78.4 F in the summer and 58.4 F in the 
winter. The same temperature has been applied in the design of foundation base. 
 
In the computer stress analysis, a non-cracked uniform section was assumed. The moment due to 
temperature gradient is: 
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where: 
 
E c = modulus of elasticity of concrete (psi) 
α  = coefficient of linear expansion (in/F) 
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ΔT = difference in temperature gradient (F) 
h  = thickness  
ν  = Poission's ratio 
  
Under the most critical loading combinations, the wall is partially or completely cracked both in 
vertical and horizontal directions.  The moments due to temperature are as follows: 
 
1)        Partially cracked section 
 
 
 
 
 
 
 
 
 
 
 
 

M ΔT = f ΔT As dud 
 
 f ΔT = Es α ΔT (d-c)  
 t 
 
where: 
  
Es =  Modulus of Elasticity 
f ΔT  =  Steel stress 
As =  Area of reinforcing steel 
b =  Width of member 
Mus =  Ultimate strength moment 
t =  Thickness of Section 
  
2) Completely cracked section 
 
 
 
 
 
 
 
 
 
 
  
 

MΔT = f ΔT As (d-d') 
 fΔT = Es α  (ΔT)  (d-d') 
                   2t 
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Therefore, the temperature moment computed by computer analysis has been modified according to 
the partially or completely cracked section in the design of the critical loading combinations. 
 
Each penetration of the cylinder wall creates a discontinuity around which stresses must be carried.  
Where the penetrations are relatively small, the reinforcing steel has been shifted slightly to clear the 
opening.  At penetrations too large to pass reinforcing steel around by slight shifting of the bars, 
additional reinforcing steel has been provided to act as a frame around the perimeter of the openings.  
In addition, diagonal bars have been added at each corner of the openings to provide horizontal and 
vertical shear resistance. 
 
The main penetrations openings in the cylinder wall are as follows: 
 
  Fuel transfer tube  5'-0 dia. 
  Equipment hatch  13'-0 dia. 
  Personnel lock   10'-9 dia. 
  Main steam lines  6'-0 dia. 
  Feedwater lines   4'-10 dia. 
  Construction hatch  29'-0 dia. 
  Bulkhead type doors  2'-3 x 7'-3 
  Escape lock   7'-6 dia. 
  Piping, ducts, electrical cable 3" to 72" dia. 
 
 
The stress analysis was performed for the construction hatch, equipment hatch and personnel lock 
openings by Universal Analytic Inc. using the results obtained from the SHELLS program described in 
Section 3.8.2.2.9.  All other openings smaller than 7.5 feet in diameter are treated as small openings.  
The stress concentration has been considered in the design by using the following simplification 
method: 
 
The curvature of the cylinder wall is assumed to be neglected in the local design.  According to the 
effect of circular holes in plates, (References 6 and 7), the stress distribution in the neighborhood of 
the opening will be: 
 
1) Under uniform tension   At section m-n 
 
 
 
 
 
 
 
 
 
 
 
The numerical values of the factor K, calculated for several values of a/r, are given as follows: 
 
    a/r    1     0.8     0.6     0.4      0.2     0.1   

   K     3    1.93   1.37   1.12   1.022  1.01 
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It is evident that the effect of the opening is of a very localized character.  The distribution of this 
stress is shown below. 
 
 
 
 
 
 
 
 
 
By integrating the additional stress area caused by stress concentration, we obtain 
 
 
 
 
 
 
 
 
 
 
 
It means that 95 percent additional stress is caused by stress concentration. 
 
2)      Under bending 
 
Maximum bending stress of circular plate with clamped end under uniform load w (k/ft2): 
 
 
 
 

( 3.0=νwhen ) 
  
Maximum bending stress of circular plate with clamped end and a circular hole at center of the plate 
under uniform load w (k/ft2): 
 
  σ'max = K wa2 

                                          b2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 3.8-68 



 

 

 )
b
a= (r    

r 2
1 C + 

r
1 B + A = K  

 

 
     0.783 = K   10 = a/b For

 

 
r 2
1 0.69 - 

r
10.35 - 0.825 = K

 

3.0=νFor , the numerical values of K are given: 
 
   a/b     1.25        1.5        2        3         4             5      

  K 0.105     0.259    0.480   0.657 0.710     0.730 

   
The coefficient K is a function of (a/b) and can be expressed as follows: 
 
 
 
 
 
Using three correspondent values of K and a/b, A, B and C are: 
 
   A =  0.825 
  B = -0.35 
  C = -0.69 
  
The K value can be rewritten as: 
 
 
 
 
 
 
    σ'max = 0.783 wa2 
      b2 
The maximum bending stress is about 60 percent more than that in the plate without a center hole. 
 
A conclusion has been made for the small opening in the cylinder wall that all reinforcing steel cut to 
clear the opening shall be replaced at the side of the opening such that all the anticipated loads are 
carried by frame action around the openings. 
 
The cylinder wall has been analyzed to withstand, without loss of function, a tornado driven missile 
equivalent to a 10 ft long 2" x 4" timber traveling at 360 mph, or a 4,000 lb automobile traveling at 50 
mph at a height up to 25 feet above grade. 
 
The analysis is based upon elastic impact between the missile and the cylinder wall.  Local 
penetration due to the high velocity missile are determined using equations suggested by Reference 
8. 
 
Due to the instantaneous nature of missile impact loading the following maximum concrete allowable 
stress criteria as recommended in Reference 9 were used: 
 
Axial or flexural compression   1.25   f'c  
 
Shear      0.20   f'c 
   
Bond      0.15   f'c 
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In preventing the seepage of water, 6" PVC waterstops have been used both in vertical and horizontal 
construction joints.  In addition, the foundation base and cylinder wall up to el 17 ft (1'-0 below grade) 
have been completely sealed and protected by a water impermeable membrane system. 
 
c)       Dome 
 
The dome is a spherical segment with an inside radius of 112 feet and 2'-6" thick reinforced concrete.  
The masonry outline of the dome is shown on Figure 3.8-27. 
 
The dome is designed for construction conditions as well as in-service conditions.  The dome was 
constructed in two stages.  The first stage is a thin reinforced concrete dome with varying thickness 5 
inches at the crown and 12 inches at the edge, supported on the steel containment vessel which has 
been designed to accept these construction loads.  The thin dome is designed to accept the load of 
the remaining dome concrete without the steel containment support. 
 
The loading conditions for the first stage are as follows: 
 
 1) Dead Load (D1) – 150  lb/cu ft 
  
 2) Dead Load of concrete in 2nd stage (D2) 
  (a) Applied uniformly, or 
  (b) Applied non-uniformly 
  
  
 3) Live Load (1) 
   (a) 20 psf applied uniformly, or 
  (b) 20 psf applied non-uniformly, or 
  (c) 4,000 lb concentrated load 
  
 4) Wind Load (W) 
  In accordance with Florida Building Code - 120 mph. 
  
 5) Hurricane Load (H) - 194 mph. 
  
 6) Shrinkage (T) - equivalent to a temperature drop of 40 F 
  
The loading combinations and design basis for the first stage are: 
 
  1) D1 + D2 + L (working stress design) 
  
  2) D1 + W + T (working stress design) 
  
  3) D1 + H        (yield point stress design) 
  
The design of second stage of the dome is based upon the loading combinations stated in Section 
3.8.2.2.6. 
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Epoxy coating is applied on the construction joint between first and second stage to develop bond 
stress, so, the entire section has been considered in the design of second stage. 
 
The dome is reinforced with a circular core of 14 feet in diameter at the crown of the dome stretching 
out in a radial - circumferential pattern as shown in Figures 3.8-28 and 3.8-29. 
 
d)      Containment Vessel Support 
 
Concrete and grout were placed beneath the ellipsoidal bottom of the containment vessel.  The 
general procedure is: 
 
1) To place six feet of concrete inside the steel vessel 
  
2) To place concrete beneath the vessel as close as possible to the bottom of the vessel 
 
3) To pressure grout with epoxy-polysulfide between the concrete and bottom of the vessel through 

channels left by pulled tubing 
  
A 4 inch thick layer of ethafoam has been placed outside the steel containment vessel at the spring 
line and a reinforced concrete ring girder has been designed to resist the thrust of the vessel at the 
spring line. 
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3.8.2.2.11      Calculated Results 
 
The shield building has been analyzed for each of the loading conditions as discussed in Section 
3.8.2.2.9. The resulting forces, moments, shears and deflections are shown on Figures 3.8-32 
through 3.8-43. 
 
The resulting loads for the various loading conditions are combined according to the load combination 
equations given in Section 3.8.2.2.6. In all cases the calculated design loads are within the ultimate 
capacity of the structural members.  Table 3.8-11 gives a comparison of the calculated values of 
shear, axial load and moment for the principal structural members of the shield building and interior 
concrete structure.  The calculated values are given for the most severe loading combination for the 
particular member. 
 
3.8.2.2.12 Structural Preoperational Testing and Inspection  
 
a)      General Requirements 
 
Appropriate ASTM Material Specifications are cited in the building specifications for all construction 
materials which will describe the testing and basis for acceptance of materials.  Standards and tests 
are specified in accordance with applicable regulations and current building practices. 
 
The testing of concrete and reinforcing bars is accomplished by an independent testing laboratory 
whose primary business is to perform such testing and who can show proof of the required 
knowledge and facilities to perform the specified tests and report accurate results. 
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This testing company examines local aggregates and cement, design the concrete mixes, take 
samples and make the required field tests. 
 
b)      Concrete Testing 
 
Concrete for seismic Class I structures has been tested in accordance with the requirements outlined 
below. 
 
The methods used in sampling, making, curing and testing the concrete samples, either in the field or 
in the laboratory, have been in accordance with the appropriate ASTM Standards listed below: 
 
    ASTM C172 -  Method of Sampling Fresh Concrete 
    ASTM C31  -   Method of Making and Curing Concrete  
   Compression and Flexure Test Specimens  
   in the Field 
    ASTM C192 -  Method of Making and Curing Concrete  
   Compression and Flexure Test Specimens  
   in the Laboratory 
   
    ASTM C39  -   Method of Test for Compressive Strength of 
   Molded Concrete Cylinders 
  
Sampling and testing has been performed by an independent testing laboratory.  All concrete 
samples are taken at the point of placement in accordance with ASTM C172.  Initially, the number of 
test cylinders made were as follows: 
 
                     Test Breaks            
 
    Min. No. of 
    Cylinders  3 Day 7 Day 28 Day Extra 
Until final 
determination of 
each design maximum 4  1 2 1 
 
For each Concrete 
Placement 
   10 to 50 cu. yd.   3   1 1 1 
   50 to 100 cu. yd.   6   2 2 2 
   Over 250 cu. yd.  9   3 3 3 
  
The extra cylinders are tested only if it is necessary to substantiate 7 or 28 day test results. 
 
After more than 150 tests were performed, the above frequency was changed to meet the 
requirements of ACI 318-71, Section 4.3. 
 
The following tests have been performed for all samples: 
 
1) Slump Test - ASTM C143 
 
2) Air Content Test - ASTM C138 
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3) Temperature 
 
4) Dry Density Test (ASTM C567) 
 
 (a)  A sample is taken for each trial mix. 
 (b)  A sample is taken for each 250 yards of  
   concrete for Class I nuclear structures and  
   shielding concrete. 
  
  
5) Density Tests of Fresh Concrete (ASTM C138) 
 
 (a)  A sample is taken for each trial mix. 
 (b)  A sample is taken each time strength specimens  
   are cast, one for each set of test cylinders. 
 (c)  A sample is taken for each batch from which a  
   sample for dry density test is taken. 
  
  
6)  The test for determination of yield strength (ASTM C138) is performed each time strength 

specimens are cast.  Strength specimen samples taken in accordance with ASTM C31 and 
CI192 and the number of cylinders prepared is as described above.  Evaluation of test results 
is in accordance with ACI Std. 214-65. 

  
 b)  Rebar Testing 
  
The testing reinforcing steel used in safety related concrete structures including the shield building 
does not conform in detail to the specific requirements given in AEC Safety Guide 15, "Testing of 
Reinforcing Bars for Concrete Structures," which was issued October 27, 1971.  The safety guide was 
not in existence at the time of issuance of the plant construction permit and therefore its requirements 
could not be incorporated in the rebar testing program.  The rebar testing performed is as follows: 
 
Reinforcing steel samples of each bar size, at least one from each heat but not less than one per 100 
tons, are supplied by the reinforcing steel supplier.  These samples are tested by the user based 
upon ASTM specifications.  The method of selecting testing samples is as follows: 
 
1)     Random sampling: 
 
Random sampling and testing in the amount of 5 percent of the samples supplied are required.  
Sampling is weighted to match rebar size distribution (i.e., 5 percent of each rebar size samples 
used) since chemical composition varies according to size.  If a heat is greater than 500 tons, at least 
one sample from the heat is tested. 
 
2)     Mandatory test required if mill test shows: 
 
  (a) Yield strength less than 5 percent above ASTM minimum. 
  (b) Ultimate strength less than 5 percent above ASTM minimum. 
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 (c) Yield and ultimate strength radically different percentiles  
 greater than the respective ASTM minimum. 
 (d) Elongation less than 10 percent greater than ASTM minimum. 
 (e) Weight 5 percent or more below ASTM standard. 
  
  
3)      All samples are tested for: 
 
  (a) Tensile yield strength 
  (b) Tensile ultimate strength 
  (c) Elongation in 8" 
  (d) Weight 
  
  
Inspections are performed as necessary to verify compliance with specifications. 
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3.8.3 CONTAINMENT CONCRETE INTERNAL STRUCTURES AND SEISMIC CATEGORY I 
STRUCTURAL STEEL 

 
3.8.3.1   Description 
 
The reactor building internal structure consists of a concrete floor fill in the bottom of a steel 
containment vessel upon which rests a circular concrete secondary shield wall, a concrete primary 
shield wall, a concrete refueling cavity, and a reactor internals storage area.  A concrete operating 
floor is supported on the secondary shield wall, the primary shield wall and part of the refueling cavity 
wall. The concrete floor fill, the secondary shield wall and the operating floor form a compartment 
within which the entire reactor coolant system is located.  A general masonry outline is shown on 
Figures 3.8-30 and 3.8-31. 
 
On top of the operating floor, shield walls are installed around the pressurizer and steam generators. 
The shield wall around each steam generator serves as a support for the upper brackets and 
snubbers on the steam generator. The main supports at the bottom of the steam generators and the 
pressurizer are on a pedestal supported directly upon the concrete fill. 
 
On the top and bottom of the secondary shield wall, sufficient vent openings are provided to minimize 
the internal pressure due to a loss of coolant accident. These vent openings are protected by a 
concrete wall that provides radiation shielding for the opening as well as missile and jet force 
protection. 
 
The refueling cavity liner is stainless steel. The function of the liner is to render the refueling cavity 
completely watertight against the escape of radioactive water. The refueling pool liner is welded to 
stainless steel embedments in the concrete floors and walls. 
 
The reactor building internal structure is a reinforced concrete structure designed to provide the 
following functions: 
 
a) Biological shield during normal operation 
 
b)  Missile shield to contain any missiles or jet forces generated within the primary coolant 

system and prevent their impinging upon the steel containment vessel 
 
c) Support all equipment located within the steel containment vessel 
 
The required minimum thickness of concrete for adequate biological shielding is specified below 
 
a) Secondary shield wall  
 4.0 ft 
 
b) Primary shield wall  
 6.0 ft 
 
c) Reactor cavity wall  
 7.0 ft 
 
d) Refueling cavity wall  
 6.0 ft 
 
 
 
 
 
 
 
 
 
 
 
 
                   3.8-76                       
   Am. 9-7/90 



 

 

e) Operating floor   
 4.0 ft 
 
f) Steam generator shield wall  2.0 ft 
 
g) Pressurizer shield wall  
 2.0 ft 
 
3.8.3.2   Applicable Codes, Standards and Specifications 
 
Concrete design is in accordance with ACI-318-63, "Building Code Requirements for Reinforced 
Concrete." 
 
The design, testing, fabrication and erection of structural steel shall be in accordance with the 
requirements of the American Institute of Steel Construction (AISC) specification and the AISC "Code 
of Standard Practice for Steel Buildings and Bridges." Structural steel material shall be ASTM A36 
unless otherwise noted on drawings or specifications. Embedded liners for reactor coolant piping 
shall be in accordance with the American Society for Testing and Materials specifications number 
ASTM A-441 and ASTM A-516. The material standards used for the refueling cavity shall be as 
follows:  
 
a) American Society for Testing and Materials (ASTM) 
 
 1) ASTM A-36 Structural Steel 
 
 2) ASTM A-240 Specification for Steel for Unfired Pressure Vessels 
 
 3) ASTM A-572 High-Strength Low-Alloy Columbium-Vanadium Structural Steel  
 
 4) ASTM A-992 Structural Steel Shapes  
 
b) American Welding Society (AWS) 
 
 1) AWS A-5.4 Corrosion-Resisting Steel Welding Rods 
 
  2) AWS A-5.9 Corrosion-Resisting Steel Welding Rods and Bare Electrodes 
 
c) American Society of Mechanical Engineers (ASME) 
 
 1) Boiler and Pressure Vessel Code 
 
The steel support structure for the cask handling crane above the north end of the fuel handling  
building was designed in accordance with the AISC Manual of Steel Construction Ninth Edition.  The  
concrete foundations for the cask crane structure were designed in accordance with ACI 318-99,  
"Building Code Requirements for Reinforced Concrete".  
 
3.8.3.3 Loads  
 
3.8.3.3.1  Design Loads 
 
The design of the reactor building internal concrete structures and seismic Category I steel structures 
considers the following loads both individually and in specified combinations. The loads are identified 
and their basic values enumerated below: 
 
3.8.3.3.1.1 Reactor building internal concrete structures and seismic Category 1 steel structures  
 
a)  Dead Load (D) 
 
Dead load consists of the dead weight of the concrete structure, the weight of structural steel and 
miscellaneous building items and permanent equipment loads. 
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Specific weights for dead load calculation are as follows: 
 
 1) Concrete:  138 lb/cu ft 
 
 2) Steel reinforcing:  as specified in ASTM A-615 
 
 3) Structural steel: 
 as specified in the Steel Construction 
     Manual of the AISC 
 
b) Live Load (L) 
 
Live load set on the various platforms, floors and slabs is considered in the design to ensure a 
structure sufficiently strong to support a random temporary load condition. 
 
c)  Equipment Load (L') 
 
The dead weight of the various pieces of equipment, including water, steam or the other enclosed 
fluids, supported by the reactor building internal structure. 
 
d)  Pipe Break Accident Pressure Load (P)  
  
The pipe break accident pressures are determined by analysis of the pressure transient inside a 
compartment generated by the postulated high energy pipe break for various break sizes. Refer to 
Section 6.2.1. 
 
e)  Normal Operating Pipe or Equipment Anchor Load (A) 
 
The pipe or equipment anchor loads are the loads exerted upon the various structural elements by 
the pipe or equipment restraints for normal thermal expansion of the various piping systems during 
normal operation or shutdown conditions. 
 
f)  Equipment or Pipe Accident Load (Q) 
 
These are the equivalent static loads exerted upon the various structural elements by a pipe or a 
piece of equipment as a result of a postulated high energy pipe break accident including an 
appropriate dynamic factor to account for the dynamic nature of the load. For the feedwater and main 
steam lines, these loads are calculated at pipe anchor points. 
 
g)  Normal Operating Thermal Load (T)  
  
Thermal load is induced by the thermal gradient existing in a structure or across the walls between 
the building interior and the ambient external environment during normal operation or shutdown 
conditions. Both winter and summer operating conditions are considered. 
  
h)  Accident Thermal Load (TA)  
  
Thermal load under the thermal conditions generated by the postulated pipe break, including normal 
thermal load T. 
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i)  Earthquake Loads (E,E') 
 
Earthquake loads are computed using the following: 
 
 1) E'=loads generated by the design basis earthquake (DBE), having a horizontal seismic 

ground acceleration of 0.10g. 
 2) E=loads generated by the operating basis earthquake (OBE) having a horizontal seismic ground 

acceleration one half that of the DBE. 
 
Vertical component of acceleration is 2/3 the value of the horizontal acceleration and is applied 
simultaneously with the horizontal acceleration. 
 
j)  Internal Missile Loads or Jet Forces (M) 
 
Jet impingement or missile impact equivalent static loads on the structure generated by the 
postulated high energy pipe break, including an appropriate dynamic factor to account for the 
dynamic nature of the load. Missiles and missile design are described in Section 3.5. 
 
k)  Water Load (W)  
 
The loads are exerted by the water in the refueling cavity which is filled only during reactor shutdown. 
The water elevation is assumed to be at el + 62 ft and the density is assumed to be 62.4 lb/cu ft. 
 
l)  Hurricane Wind Load (WH)  
  
The loads generated by the design hurricane wind specified for the plant. Refer to Subsection 3.3.1. 
  
m)  Tornado Wind Load (WT) 
  
The loads generated by the plant specific design basis tornado, including wind forces, differential 
pressure loads and missile impact forces where applicable. Refer to Subsection 3.3.2, Section 3.5 
and Appendix 3F. 
 
3.8.3.3.1.2 Cask Crane Support Structure 
 
The cask handling crane steel support structure, including the runway girders, is designed and 
qualified for the following loads: 
 
 D = Dead load of the crane and of the support structure 
 L = Crane lifted load of 150 tons 
 I = Impact load resulting from the operation of the crane 
 WO = Operating wind load resulting from a wind speed of 50 mph 
 WH = Hurricane wind load resulting from a wind speed of 120 mph 
 WT = Tornado wind load resulting from a wind speed of 360 mph (300 

mph rotational speed plus 60 mph translational speed) 
 E = OBE seismic load 
 E' = DBE seismic load 
 
The impact loads resulting from operation of the crane that are used in the design are enveloped by 
the impact load calculation methods given in the AISC Manual of Steel, Ninth Edition; CMAA 
Specification 70-2000; "Specifications for Top Running Bridge and Gantry Type Multiple Girder 
Electric Overhead Traveling Cranes", and ASME NOG-1-1998, "Rules for Construction of Overhead 
and Gantry Cranes (Top Running Bridge, Multiple Girder)", including May 3, 2000, addenda. 
 
The wind loads are determined using the methods given is ASCE Paper No. 3269, "Wind Forces on 
Structures", 1961. 
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For  seismic analysis, a conventional lumped mass three dimensional model is used.  The 
mathematical model represents the coupled FHB, the crane steel support structure, and the crane, 
including the bridge girders, trolley, end trucks and end ties.  The boundary conditions at the crane 
wheels are in accordance with ASME NOG-1-1998, Table NOG-4154.3-1.  The OBE and DBE loads 
are determined in accordance with the response spectrum method of analysis given in Section 3.7.2.  
The horizontal seismic input motion used in the analysis is based on the response spectra described 
in Section 3.7.1.1.  Vertical ground response spectra were developed by multiplying the horizontal 
direction spectra amplitudes by a factors of two-thirds.  The damping values used in the analysis are 
consistent with Section 3.7.1.3.  Strain energy proportional composite damping is conservatively 
calculated for structural elements having different damping based on the method described in Section 
3.7.2.1.6.  The modal responses are combined using the root-mean-square method specified in 
Section 3.7.2.1.5.  The maximum earthquake motion is combined co-directionally by absolute sum 
with the maximum seismic loads from the vertical component of earthquake motion.  The process is 
then repeated for the other horizontal component of earthquake motion.  The results are then 
enveloped to obtain the overall maximum seismic loads. 
 
3.8.3.3.2 Loading Combinations  
 
3.8.3.3.2.1  Concrete Structures  
 
The design is based upon limiting load factors which are used as the ratio by which loads are 
multiplied for design purposes to ensure that the load/deformation behavior of the structure is one of 
elastic, small strain behavior at the design load. The load factor approach was used in this design as 
a means of making a rational evaluation of the isolated factors which must be considered in assuring 
an adequate safety margin for the structure. This approach permits the designer to place the greatest 
conservatism on those loads most subject to variation and which most directly control the overall 
safety of the structure. In the case of internal structures therefore, this approach places minimum 
emphasis on the fixed gravity loads and maximum emphasis on earthquake or accident loads. The 
loads hereafter referred to as factored loads, utilized to determine the required limiting capacity of any  
structural element of the internal structures are computed as follows: 
a) Normal Operating Conditions: 
 
 1) U = 1.5D + 1.5T + 1.8A 
 
 2) U = 1.25D + 1.25T + 1.25A + 1.25E 
 
 3) U = 1.0D + 1.0T + 1.0A + 1.0E' 
 
b) Shutdown Conditions: 
 
 1) U = 1.5D + 1.5T + 1.5W + 1.8L 
 
 2) U =1.25D + 1.25T + 1.25L + 1.25W + 1.25E 
 
 3) U =1.0D + 1.0T + 1.0W + 1.0E 
 
c) Accident Conditions: 
 
 1)  U = (1.0 ± 0.10) (D + T) + 1.5P + 1.25M + 1.25Q 
 
 2)  U = (1.0 ± 0.10) (D + T) + 1.25P + 1.25M + 1.25Q + 1.25E 
 
 3)  U = (1.0 ± 0.10) (D + T) + 1.0P + 1.0M + 1.0Q + 1.0E' 
 
 
 
 
 
 
 
 
 
 3.8-79a Amendment No. 20 (4/04) 



 

 

3.8.3.3.2.2  Cask Handling Crane Concrete Support Structure 
 
The FHB cask handling crane column foundations at the grade elevation are designed for the loads 
and load combinations given in Sections 3.8.1.4 and 3.8.1.5 respectively, subject to the following 
clarifications: 
 
 D = Dead load of the concrete structure, the crane, and the steel support structure 
 L = Crane lifted load of 150 tons 
 WH = Hurricane wind load resulting from a wind speed of 120 mph 
 WT = Tornado wind load resulting from a wind speed of 360 mph (300 

mph rotational speed plus 60 mph translational speed) 
 I = Impact load resulting from the operation of the crane 
 
Equipment loads (L'), operating pipe anchor loads (A), pipe accident loads (R), thermal loads (T), and 
external missiles (M) are not applicable to the design of the cask handling crane superstructure and 
column fundations.  The impact load (I) is added to the normal operation combination with a factor of 
1.8, as follows: 
 
 U = 1.5 (D + S) + 1.8 (L + I) + 1.0 B 
 
The column foundations are designed in accordance with the ultimate strength design (USD) 
methods of ACI-318-99.  
 
3.8.3.3.2.3 Steel Structures  
 
Elastic working stress design methods are used in the design of the steel structures. The design of 
these structures is based on the following loading combinations: 
 
a) Service Load conditions 
 
 1) D + L + L' 
 2) D + L + L' + E 
 3) D + L + L' + WH 
 4) D + L + L' + T + A 
 5) D + L + L' + T + A + E 
 6) D + L + L' + T + A + WH 
 
b) Factored Load Conditions 
 
 1) D + L + L' + T + A + E' 
 2) D + L + L' + T + A + WT 
 3) D + L + L' + TA + A + P 
 4) D + L + L' + TA + A + P + Q + M + E 
 5) D + L + L' + TA + A + P + Q + M + E' 
 
In the above loading combinations A, T and TA are applied statically without consideration of a 
dynamic load factor. 
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Notes to Load Combinations: 
 
a)  Dead Load 
 
The dead load factor for the internal structure design is 1.0 + 0.10 in combination with the other 
factored loads. The reason for using this load factor is that the dead weight can be accurately 
determined because of its simple geometric configuration. The deviations of the dead load due to 
construction tolerances and the uncertainties of attached equipment and piping loads is within 5 
percent of the dead weight. For normal operating conditions, a load factor of 1.5 is used, per ACI 318-
63. 
 
b)  Live Load 
 
In general live load is not present during plant operation. Live load is considered only during 
shutdown. A factor of 1.8 is used for the live load in accordance with the ACI 318-63 code in 
investigating this condition. 
 
c)  Earthquake Loads 
 
For the OBE of 0.05 g ground acceleration, a factor of 1.25 is used in combination with the other 
factored loads in designing both the shield building and the containment internal structures under the 
DBE condition of 0.10 g ground acceleration, a factor of 1.0 is used both for the shield building and 
the containment internal structure.  
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The factor of unity is consistent with the loading condition which is to demonstrate no loss of function 
under a maximum potential loading condition. 
 
d)  Temperature Load 
 
The containment internal structure is designed for thermal loads (temperature gradients) in 
combination with the other factored loads. Accurate extremes can be determined in establishing 
temperature gradient through walls and slabs. Therefore a thermal load factor of unity with variations 
of ∀ 10 percent is used for the internal structure. The variations in load factors are consistent with the 
degree of structural complexities in the structures, and are considered in the same category as dead 
loads. 
 
e)  Loss of Coolant Accident Load 
 
Pressure and temperature loads are taken into account in the design. The load factor the LOCA is 
combined with the other factored loads considering the probability of such a combination occurring. 
 
f)  Miscellaneous Loads 
 
During a loss of coolant accident, the containment internal structure can be subjected to such 
accident loads as internal missile, jet force, and piping anchor loads. Load factors are assigned to 
different load sources in loading combinations recognizing the degree of accuracy available in 
determining the loading and also the unlikely combination of simultaneous load occurrences. 
 
3.8.3.3.2.4  Cask Handling Crane Steel Support Structure 
 
The following load combinations and acceptance criteria are used in the design of the FHB cask 
handling crane steel support structure: 
 
  Load Combination Acceptance Criteria 
a) Normal Operation D + L + I + WO S 
b) Design Hurricane 

(The crane is assumed to be in its parked 
position with the storage locks set) 

D + WH S 

c) Operating Basis Earthquake (OBE) 
(Seismic-induced pendulum effects are 
considered in the design) 

D + L + E + WO S 

d) Design Basis Earthquake (DBE) 
(Seismic-induced pendulum effects are 
considered in the design) 

D + L + E' + WO The lesser of 1.6S, or 0.90 
times yield stress or 0.90 times 
critical buckling stress 

e) Design Tornado 
(The crane is assumed to be in its parked 
position with the storage locks set) 

D + WT The lesser of 1.6S, or 0.90 
times yield stress or 0.90 times 
critical buckling stress 

 
 
Acceptance criterion "S" above is the required section strength based on the elastic design methods 
and the normal allowable stresses defined in the AISC Manual of Steel Construction, Ninth Edition. 
 
3.8.3.4  Design and Analysis Procedures 
 
The stress analysis of the interior structure is performed using a finite element method using a 
stiffness (displacement) matrix theory. Sixteen individual loading conditions are examined. The 
designs are based on LOCA loading combinations. 
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The secondary shield wall, operating floor, refueling cavity and the shield walls for the steam 
generator, pressurizer and vent openings are considered monolithically as one structural unit with the 
boundaries assumed along the bottom of the secondary shield wall, the bottom of the refueling cavity 
wall and the junctures with the primary shield wall. This structural unit is analyzed by a computerized 
stress analysis program. 
 
The primary shield wall is a 6 feet thick cylinder and is analyzed as a thick cylinder. 
 
The pressurizer and steam generator supports are analyzed as short pedestals. 
 
3.8.3.5   Structural Acceptance Criteria 
 
3.8.3.5.1  Concrete Structures 
 
Using the factored loads as defined in Section 3.8.3.3, the various components of the reactor building 
internal structure have the required load capacity if the stresses in them do not exceed the yield 
strengths of the materials used. 
 
To provide for the possibility that small adverse variations in dimensions and control, while 
individually within required tolerances and the limits of good practice, occasionally may combine to 
result in a net under capacity of the structural components, the yield strengths of the individual 
structural members are all reduced by a reduction factor " ø " - for the design cases in accordance 
with Section 9.2 of ACI 318-63. 
 
3.8.3.5.2  Steel Structures 
 
For each of the loading combinations described in Subsection 3.8.3.3.2.2, the following defines the 
allowable limits which constitute the structural acceptance criteria for steel structures: 
 
 Load Combination Limit 
 
 a1, a2, a3   S 
 a4, a5, a6   1.5S 
 b1, b2, b3, b4, b5 1.6S 
 
S is the required section strength based on the elastic design methods and the allowable stresses 
defined in Part 1 of the AISC Specification. 
 
3.8.3.6   Materials, Quality Control and Special Construction Techniques 
 
Basically, three materials are used for the construction of the reactor building internal structure. 
These are concrete, reinforcing steel, and fabricated structural steel. Specifications for these 
materials are as follows: 
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a) All concrete is manufactured, placed and cured in accordance with an Ebasco standard 
specification 

 
b) Reinforcing steel is new deformed billet steel testing the requirements of ASTM A-615, Grade 

40. The maximum unspliced length used for design is 60 ft 
 
c) All fabricated structural steel elements are made of ASTM A-36 steel and fabricated in 

accordance with the latest AISC specifications for the design, fabrication and erection of 
structural steel for buildings 

 
Materials for the refueling cavity liner and embedments conform to the following specifications: 
 
a) All stainless steel sheet and plate conform to ASTM Specification A-240, Type 304. The plate is 

hot-rolled, annealed and pickled. All plates of the assembled liner have as similar a character 
as practicable. All plates shall be smooth, free of cracks and surface imperfections. 

 
The leak detection channels on the refueling cavity liner and embedments shall conform to ASTM 
Specification A-240 Type 304. 
 
The stiffeners and other items shall conform to ASTM Specification A-36. 
 
The weld metal to join the base metals shall be as follows: 
 
 1) AWS A-5.4 Class E 308 or AWS A-5.9 Class ER 308 to join stainless steel to stainless steel 
 
 2) AWS A-5.4 Class E 309 or AWS A-5.9 Class ER 309 to join stainless steel to carbon steel 
 
b) Embedded liners for main coolant piping through the primary shield wall shall be of ASTM A-

516, Grade 70, and other steel of ASTM A-441. 
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3.8.3.6.1 Protective Coatings Inside Containment 
 
Coatings located within the Reactor Containment Building (RCB), which could potentially be subjected to 
Design Basis Accident (DBA) conditions, are referred to as Service Level I coatings. 
 
The primary purposes of Service Level I coatings are to provide corrosion protection and a suitable 
surface with regard to radioactive decontamination.  Since Service Level I coatings are located within the 
RCB, failure to adhere to the surfaces to which they are applied could hypothetically result in a larger than 
anticipated build-up of coating material debris at the containment sump strainers.  Conceivably, such a 
build-up could adversely impact the flow of water through the nuclear safety-related containment sump 
strainers and, correspondingly, the flow of water available for the safety-related function of the 
Containment Spray pumps for containment cooling. 
 
The DBA conditions to which Service level I coatings could potentially be subjected include (but are not 
limited to) ionizing radiation, high temperature/pressure and impingement from jets/sprays.  The required 
worst case DBA environmental service condition inside Containment is a Loss of Coolant Accident 
(LOCA) for which long-term (up to one year) environmental conditions of temperature, pressure, humidity 
and radiation are applicable.  All Service Level I coatings are laboratory tested to withstand the worst 
case DBA LOCA conditions in order to demonstrate that coating failure and the associated potential 
consequences cannot occur. 
 
A detailed Engineering Specification documents the protective coating systems used for Service Level I 
applications on steel and concrete surfaces inside the RCB. 
 
Certain parameters (i.e. thermal conductivity, thickness, and volumetric heat capacity) are used in the 
accident analysis of Section 6.2.1. 
 
3.8.3.7 Testing and Inservice Surveillance Requirements 
 
All welds are visually examined, welds exposed to water shall be further examined by the liquid penetrant 
method.  Joint welds and welds at penetrations in plates are tested for leaks using a vacuum box and 
soap solution. 
 
The complete refueling cavity liner is hydrostatically tested.  Leaks, if any, are repaired and rewelded. 
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3.8.4  NON-CLASS 1 STRUCTURES  
 
3.8.4.1  Turbine Building 
 
The turbine building is a 260 feet by 130 feet structure housing the various heat exchangers, 
switchgear, condensate pumps, auxiliary pumps, compressors and main steam condenser.  The roof 
of the building is an operating deck which supports a 200 ton gantry crane.  The turbine-generator 
unit is supported on a separate concrete pedestal.  The turbine building is not designed as a seismic 
Class I structure since it contains no equipment which is required for safe shutdown or to mitigate the 
consequence of an accident or whose failure would result in significant release of radioactivity. 
 
The turbine building was reanalyzed and found to maintain its integrity for the seismic loading 
condition.  Thus there is no potential for interaction with the Category 1 piping which runs beneath it. 
 
The principal structures associated with the turbine building are the circulating water discharge 
tunnels and condenser intake and discharge blocks, and the turbine-generator foundation mat and 
pedestal. 
 
The turbine building is a steel frame structure supported by a continuous soil supported reinforced 
concrete mat foundation.  The operating deck and intermediate mezzanine levels are cast-in-place 
concrete slabs.  The turbine building general arrangement drawings are shown on Figures 1.2-3 
through 1.2-7. 
 
The structure is designed for the following loads: 
 
a) Mezzanine Floor 
 
 Live Load - 150 psf 
 
 Wind Load - as per South Florida Building Code, 40 psf min.   
 
 Equipment Load - 50 psf 
 
b) Operating Floor 
 
 Live Load - 200 psf 
 
 Wind Load - as per South Florida Building Code, 40 psf min.   
 
 Equipment Load - 50 psf 
 
The structural steel is designed and fabricated in accordance with AISC standards.  Reinforced 
concrete is designed and constructed in accordance with, "ACI Standard Building Code 
Requirements for Reinforced Concrete," ACI 318-63, Part IV B, Ultimate Strength Design.  
Reinforcing steel is ASTM A615 Grade 40. 
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3.8.4.3       Steam Generator Blowdown Building 
 
The steam generator blowdown (SGB) building is located east of the St. Lucie Units 1 and 2 plant 
island and serves both units.  The SGB building is a non-seismic Class I reinforced concrete building 
with structural steel roofs and columns in some areas.  The building occupies an approximate area of 
120 feet X 80 feet with a height of 57 feet above grade except for the bay at the west end of the 
building which has a height of 14 feet above grade. 
 
Three monitor (storage) tanks, each supported by a ring beam, are located outdoors at the southern 
end of the building.  The monitor tanks occupy an approximate area of 120 feet X 60 feet. 
 
All reinforced concrete structures are designed in accordance with ACI 318-71 requirements and 
those of the South Florida Building Code.  Structural steel is per AISC specification. 
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3.8.4.4     Other Non-Class I Structures 
 
The other miscellaneous non-Class I structures on the site include: 
 
 a) Paint and lube oil storage building 
  
 b) Gas storage building 
  
 c) Chemical storage building 
  
 d) Switchyard control building 
  
 e) Circulating water system seal well 
  
 f) Chlorination and storage building 
  
 g) Security and Records building 
  
 h) Guard stations 
  
 i) Various Maintenance buildings 
 
 j) Cask Handling Facility 
 
These structures are designed and constructed in accordance with normal practice and applicable 
local building codes.  The structures are located remote from the seismic Class I structures as shown 
on the enlarged plot plan Figure 1.2-2. 
 
3.8.4.5      Interaction with Seismic Class I Structures 
 
There are no structural ties between any of the seismic Class I structures and the non-Class I 
structures, except for the structural tie of the Cask Handling Facility upper level support steel with the 
Fuel Handling Building north wall.  The non-Class I structures are supported on separate foundations 
located within the Class I compacted backfill area. 
 
The non-Class I structures are designed in accordance with the Uniform Building Code which 
specifies zone zero for the plant site region. 
 
The structural separation of the seismic Class I from non-Class I structures ensures that behavior of 
the non-Class I structures during a seismic disturbance will not affect the response of the Class I 
structures. 
 
The Fuel Handling Building structural analysis has been reviewed to assess the impact of the 
structural tie with the Cask Handling Facility.  This review concluded that there is no adverse impact 
on the Fuel Handling Building due to the structural tie with non-Class 1 Cask Handling Facility. 
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3.8.5 FOUNDATIONS AND CONCRETE SUPPORTS 
 
3.8.5.1 Description of Foundations and Supports 
 
Various concrete structures support seismic Class I equipment directly and are not part of the "base" 
structure.  The principal functions of these concrete structures are to provide support or restraint for 
the equipment and to transfer loadings between the equipment and the base structure.  These 
structures are the interface between the equipment and the base structure. 
 
All foundations and supports carrying seismic Class I components are, however, designed as seismic 
Class I. 
 
The following concrete structures are considered herein: 
 
a) Reactor Building 
 
 1)  Steam Generator Base Supports 
 
 The steam generators are supported at the bottom on a steel sliding base anchored into a rigid 

concrete pedestal which is keyed in the concrete base at el 18 ft of the reactor building. 
 
 Load transfer between the steel base and the surrounding concrete is as follows: 
 
 (a)  Compression loads are taken by bearing on the concrete. 
 
 (b)  Horizontal loads are taken by bearing in the concrete pedestal and transferred by shear in 

the base concrete. 
 

(c)  Uplift is transferred into the base concrete by anchor bolts connected to anchor plates.  The 
anchor plates transfer load into the concrete by bearing, with the surrounding reinforcing steel 
distributing the load into the mass of base concrete. 

 
Upper restraints at el 76 ft consist of keys to restrict Z - direction movement and horizontal 
rotation.  Snubbers are provided to restrict X - direction movements.  The restrains and 
snubbers are anchored into the concrete shield wall.  Refer to Figure 3.8-45. 

 
 2)  Pressurizer Support 
 

The pressurizer is supported on four steel columns supported and anchored at el 29.5 ft 
into a concrete pedestal which is laid in a concrete base at el 18 ft of reactor building. The 
tops of the steel columns (el 39.92 ft) are restrained horizontally in all directions by 
anchoring steel plates and framewoods into the concrete shield wall.  Refer to Figure 3.8-
45. 
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Load transfer between the steel supporting structure and the surrounding concrete is as follows: 

 
(a)  Compression loads are taken in bearing; pull-out loads are taken in shear with reinforcing 
distributing the loads. 

 
(b)  Horizontal loads are transferred from a steel plate diaphram into embedded steel plates in the 
secondary shield wall and refueling cavity wall. 

 
(c)  Vertical loads are transferred from the steel columns into the base concrete; uplift loads are 
transferred by anchor bolts and anchor plates as mentioned above. 

 
 3)  Reactor Supports 
 

The reactor vessel is supported on a built up steel girdercolumn combination anchored 
into the shield concrete at el 23 ft.  The built up steel column is anchored into the concrete 
base at el -2.92 ft of the reactor building. 

 
Load transfer between the steel support and the surrounding concrete is as follows: 

 
(a)  Horizontal loads are transferred from the girder into the Primary Shield Wall.  Load transfer 
occurs between the embedded portion of the steel girder and the concrete by bearing.  Resulting 
shear is transferred into the concrete by reinforcing. 

  
(b)  Uplift loads are transferred by anchor bolts into the base concrete which is reinforced to 
withstand the loads.  Where necessary, shear plates are used to transfer horizontal loads at the 
column base into the concrete by bearing. 

 
 4)  Reactor Coolant Pump Supports  
  

The reactor coolant pumps are supported at the base by compression spring supports.   The  
pumps are laterally supported and restrained at various elevations by snubbers, wire ropes 
and structural steel brackets.   

 
b) Reactor Auxiliary Building 
 

All equipment located in the basement (el-0.5 ft) is supported by reinforced concrete piers 
which are tied into the base mat by a reinforced concrete pedestal.  A typical foundation is 
shown in Figure 3.8-44.  All anchor bolts are embedded into the concrete pier and pedestal. 
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All equipment located on structural floor slabs are constructed either on reinforced concrete 
pads doweled into the concrete floor slab or are welded to embedded concrete plates.  

 
c) Fuel Handling Building 
 

All principal equipment is supported on reinforced concrete piers which are doweled into the 
base slab. 

 
d) Diesel Generator Building 
 

The diesel generators are supported on continuous concrete pedestals doweled into the base 
mat. 

 
e) Intake Structure 
 

The cooling water pumps are supported on reinforced concrete pedestals doweled into the 
structure top deck. 
 
The bridge crane support frame is supported on reinforce walls of either the intake structure 
or the intake canal retaining wall, or on independent footings. 

 
f) Stream Trestles 
 

The structural steel main steam and feedwater pipe supports are supported by reinforced 
concrete walls  which  are  supported by the base mat. 
 
The various auxiliary feedwater pumps, which are located below the trestles, are supported 
on individual concrete piers which rest on the base mat. 

 
g) Component Cooling Water Heat Exchanger and Pump Area 
 

The component cooling system heat exchangers and pumps are supported on reinforced 
concrete piers which rest on the base mat. 

 
3.8.5.2  Applicable Codes, Standards and Specifications 
 
All concrete is designed in accordance with ACI 318-63, "Building Code Requirements for Reinforced 
Concrete," ultimate strength method. 
 
All materials used to make concrete meet the requirements of Ebasco Specification, "Concrete-
Medium and Small Work." This specification is based on applicable ASTM standards.   Concrete 
mixing and placing is in accordance with the above specification. 
 
All structal steel is designed, fabricated and erected in accordance with AISC's "Manual of Steel 
Construction." 
 
The requirements of Regulatory Guide 1.15, "Testing of Reinforcing Bars for Concrete Structures," 
are adhered to. 
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3.8.5.3      Loads and Loading Combinations 
 
Forces resulting from the following conditions and their combinations are taken into consideration for 
foundation design for equipment and structures located inside buildings: 
 
a) Normal operating loads 
  
b) Seismic loads 
  
c) Hypothetical seismic loads 
  
d) Accident load conditions 
  
The forces resulting from the following conditions and their combinations are taken into consideration 
for foundation design of equipment and structures located outside of buildings: 
 
a) Normal operating loads 
  
b) Seismic loads 
  
c) Tornado loads 
  
d) Wind loads 
  
e) Hypothetical seismic loads 
  
f) Accident load conditions 
  
The specific load combinations used for foundations are: 
  
 1.0 (D + T) 
  
   1.0 (D + T) + 1.0 LOCA + 1.0 DBE 
  
  1.0 (D + T) + 1.0 W 
  
A dynamic load factor of 2 is applied to the accident load condition combined.with normal operating 
loads and hypothetical seismic loads. 
 
No settlements are anticipated which could effect the integrity of the structures discussed in Section 
3.8.5.1. 
 
There are no earth pressure loads involved in the structures discussed in Section 3.8.5.1. 
 
3.8.5.4  Design and Analyses Procedures 
   
a)  Steam Generators 
   

The foundation is analyzed for forces resulting from any one load or their combination 
whichever is critical.  Horizontal forces are transferred by shear keys.  These keys are 
checked 
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for shearing and bearing stresses.  Moment and uplift forces are transferred by proper 
reinforcement anchored into the concrete base. 

 
All design requirements are in accordance with ACI 318-63.  The design loads are:  

 
    1)   X = 5648k 
  
   2)   Z = 4830k 
  
   3)   V = 7405k (compr) 
  
   4)   U = 5828k (uplift) 
  
   All loads are inclusive of the dynamic load factor of 2. 
  
 b)  Pressurizer 
  
   All horizontal loads and moments caused by horizontal loads are 
   taken by the concrete shield walls. 
  
   The foundation is analyzed for vertical loads only.  The design 
   vertical load is 1.5 x 305.3 or 458k.  Proper anchorage and 
   reinforcement are provided to transfer loads into base concrete. 
  
   All design requirements are in accordance with ACI Code ultimate 
   strength design. 
  
 c)  Other Equipment 
  
   All parts of equipment bases which act to support the equipment 
   are analyzed for their interaction with concrete bases.  Net 
   uplifts are taken by anchor bolts which are embedded sufficiently 
   into the concrete bases to preclude their pullout.  Where embed- 
   ment is insufficient for this purpose, anchor plates are embedded. 
   The pier reinforcing is designed to take this uplift either 
   independently or in combination with other forces. 
  
   Horizontal shear is taken by anchor bolts where the concrete 
   bearing strength is not exceeded.  Otherwise, shear plates are 
   incorporated into the pier-base design to transfer shear loads 
   into bearing loads on the concrete.  Shear between the concrete 
   pier and the base mat is investigated. 
  
   Compression loads are taken directly by the piers. 
  
   Load combinations are analyzed as appropriate. 
  
 3.8.5.5      Structural Acceptance 
   
The various concrete structures are designed within the elastic limits of the building materials for all 
loading conditions. 
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The applicable sections of the ACI 318-63 Code, as related to allowable stresses, strains, and 
deformations are used in the design of structures. 
 
Differential settlement is included in the design as appropriate. Calculated differential settlements 
which result in significant stresses within structures are appropriately related to allowable stresses 
and strains in combination with the stresses and strains resulting from other loads in combination. 
 
Shears and overturning moments are translated into stresses and strains. The design assures that 
the allowable stresses and strains are not exceeded. 
 
3.8.5.6  Materials, Quality Control and Special Construction Techniques 
 
Refer to Section 3.8.1.3. 
 
3.8.5.7  Testing and Inservice Surveillance Requirements 
 
Refer to Section 3.8.1.9. 
 
 
3.8.6  STRUCTURAL IMPACT - HIGH ENERGY PIPE BREAKS OUTSIDE CONTAINMENT 
 
The structural design criteria, in terms of design bases, criteria, loads, load combinations and design 
stress limits, is described in Section 3.8 for the reactor auxiliary building, fuel handling building, diesel 
generator building and intake structure. In addition, an analysis has been made for high energy pipe 
breaks. The criteria and other pertinent data are provided in this section and Appendices 3C and 3D. 
The high energy pipe break structural analysis takes into account a specific design requirement which 
was not previously specified in other than the more general criteria described in Section 3.8.1. 
 
The lines which are high energy pipe lines have been analyzed for pipe break to obtain the required 
pressure, temperature, seismic and rupture loads, and are described in Section 3.6 and 3.9. Normal 
load information was obtained from pipe hanger and support details. Additionally, corrections to 
Section 3.8.1.5 load combinations have been made, and the balance of the requested data for 
fulfillment of the AEC Staff's 1973 transmittal is contained in Appendix 3D. 
 
3.8.6.1  Structural Analysis 
 
The results of structural analyses to support initial facility operations are complete. The structures 
were analyzed in accordance with design criteria described in Section 3.8.6.4. In this manner, the 
adequacy of the as-built structures has been established in terms of these criteria. An illustrative 
example of such a review is attached as Appendix 3E. The review has indicated that compliance has 
been demonstrated. 
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The required analyses for the steam generator blowdown system are presented in Appendix 3D. 
 
The auxiliary steam system supplies 20 psig saturated steam to the boric acid and waste 
concentrators and various heaters within the RAB.  Since the use of house heating is not likely 
because of the local climatology, lines for this purpose will be flanged closed before they enter the 
RAB as close to the header as practical (see Appendix 3D and Figure 3D-2.)  The auxiliary steam 
lines supplying the boric acid and waste concentrators do not require restraints and the resultant 
blowdown from postulated ruptures will be terminated automatically with no detrimental effect on the 
capability of safety related structures or systems. 
 
The letdown lines outside of containment maintain a high energy status up to and including their 
pressure reducing valves.  Upstream conditions are 2200 psig and 450F, and downstream are 180 
psig and 140F.  These high energy lines (upstream portion) are seismic Class I up to the letdown 
control valves and are restrained as delineated in Figure 3D-1.  Rupture analyses presented in 
Appendix 3D confirm the maintenance of structural integrity within the RAB. 
 
The seismic Class I charging lines downstream of the charging pumps (2300 psig and 120F) are 
appropriately restrained.  A postulated rupture of a charging line results in a rapid decay in charging 
system pressure.  The resultant blowdown will not compromise the capability of structures.  Additional 
information regarding this system is provided in Appendix 3D. 
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3.8.6.2  Load Combinations and Acceptance Criteria for Category I Steel 
 
Protection of Category I structures, systems and components from the dynamic effects of postulated 
high pressure pipe breaks is achieved through the provision of pipe whip restraints at critical locations 
on the piping systems and/or automatic termination of blowdown. 
 
All pipe whip restraints, with the exception of those which are part of the main steam trestle, are 
independent of dead and live load supports and of seismic restraints.  A working stress method of 
design is used which satisfied the criteria set forth in Paragraph D-1 of AEC Enclosure 2. 
 
Collar sizes for these restraints are determined from considerations of the hot and cold positions of 
the pipe and are large enough to permit free thermal movement of the pipe.  Thus the only load a 
restraint experiences is Yr, the reaction produced on the restraint by the whipping pipe.  This load is 
increased by a factor of 2 to account for dynamic impact.  Yj is not considered, since we are assuming 
only one break occurs at a given time.  A single restraint cannot be subjected to Yj and Yr together.  
Ym will not occur since the location of pipe whip restraints is such as to preclude the generation of a 
missile by the ruptured pipe. 
 
The main steam trestle and its restraints are subjected to normal loads as well as those due to pipe 
rupture.  The criteria for this structure, expressed in the nomenclature of AEC enclosure 2, are as 
follows: 
 
a) For those restraints which serve as thermal anchor points: 
 
 1) S = D + L + To + Ro + Eeqs 
 
 2) 1.5S = D + Ro + Yr + Yj 
 
 3) 1.5S = L + Ro + W  (W = Tornado Wind) 
 
Since this is an outdoor structure, Ta, Ra and Pa are not applicable.  Yj is analyzed as a local effect 
only since its action on the overall structure is cancelled out by Yr which occurs simultaneously. 
 
3.8.6.3  Restraints 
 
Table 3.8-13 provides a listing of the lines for which the restraints have been analyzed (historical 
information - applies to the time of initial plant operation).  For current updated information, the reader 
should review line numbers and calculations in the plant’s equipment database. 
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3.8.6.4  Design Criteria 
 
3.8.6.4.1 Design Loads 
 
a) NORMAL LOADS 
 
 Normal loads are those loads to be encountered during normal plant operation. They include the 

following: 
 
 D -  Dead loads and their related moments and forces, 
  including any permanent equipment loads. 
 
 L -  Live loads, present during the pipe rupture event, 
  and their related moments and forces. 
 
 To -  Thermal loads during normal operating conditions. 
 
 Ro -  Pipe reactions during normal operating conditions. 
 
b) SEVERE ENVIRONMENTAL LOADS 
 
 
Severe environmental loads are those loads that could infrequently be encountered during the plant 

life. Included in this category is: 
 
 Feqo - Loads generated by the Operating Basis Earthquake. 
 
c) EXTREME ENVIRONMENTAL LOADS 
 
Extreme environmental loads are those loads which are credible but are highly improbable. They 

include: 
 
 Feqs - Loads generated by the Safe Shutdown Earthquake. 
 
d) ABNORMAL LOADS 
 
Abnormal loads are those loads generated by a postulated high-energy pipe break accident within a 

building and/or compartment thereof. Included in this category are the following: 
 

Pa - Pressure equivalent static load within or across a compartment and/or building, 
generated by a postulated break, and including an appropriate dynamic factor to 
account for the dynamic nature of the load. 

 
Ta -  Thermal loads under thermal conditions generated by a postulated break and including 

To. 
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 Ra   - Pipe reactions under thermal conditions generated by a postulated break and including 
Ro. 

 
 Yr    - Equivalent static load on a structure generated by the reaction on the broken high-

energy pipe during a postulated break, and including an appropriate dynamic factor to 
account for the dynamic nature of the load. 

 
 Yj    - Jet impingement equivalent static load on a structure generated by a postulated break, 

and including an appropriate dynamic factor to account for the dynamic nature of the 
load. 

 
 Ym  - Missile impact equivalent static load on a structure generated by or during a postulated 

break, like pipe whipping, and including an appropriate dynamic factor to account for the 
dynamic nature of the load. 

 
 
e) OTHER DEFINITIONS 
 
 

 S -  For structural steel, S is the required section strength based on the elastic design 
methods and allowable stresses defined in Part 1 of the AISC, "Specification for the 
Design, Fabrication and Erection of Structural Steel for Buildings," February 12, 1969. 

 
  U -  For concrete structures, U is the section strength required to resist design loads and 

based on methods described in ACI 318-63, Ultimate Strength Design, Part IV-B. 
 
  Y -  For structural steel, Y is the section strength required to resist design loads and based 

on plastic design methods described in Part 2 of AISC, "Specification for the Design, 
Fabrication and Erection of Structural Steel for Buildings," February 12, 1969. 

 
3.8.6.4.2  Load Combinations and Acceptance Criteria for Category I Concrete Structures 
 
  The following set of load combinations and allowable limits are used in evaluating and 

checking Category I concrete structures outside the containment for the effects of high-
energy pipe breaks. Concrete barriers, used to provide a shield against the effects of high-
energy pipe breaks, maintain their structural integrity under all credible loading conditions. 

 
a) LOAD COMBINATIONS 

 
The following load combinations should be satisfied: 
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1) U = D + L + Ta + Ra + 1.5 Pa 
 

2) U = D + L + Ta + Ra + 1.25 Pa + 1.0 (Yr + Yj + Ym) + 1.25 Feqo 
 

3) U = D + L + Ta + Ra + 1.0 Pa + 1.0 (Yr + Yj + Ym) + 1.0 Feqs 
 

The maximum values of Pa, Ta, R a, Yj, Yr and Ym, including an appropriate dynamic 
factor, shall be used unless a time-history analysis is performed to justify otherwise. 

 
Both cases of L having its full value, possibly present during the pipe rupture event, 
or being completely absent are checked for.  

 
For combinations (2) and (3), local stresses due to the concentrated loads Yr, Yj and 
Ym, may exceed the allowables provided there will be no loss of function of any 
safety-related system. 

 
3.8.6.4.3 Load Combinations and Acceptance Criteria for Category I Steel Structures 
 

Category I steel structures outside the containment, whose function is to provide protection 
against the effects of high-energy pipe breaks, will have to maintain their structural integrity under 
all credible loading conditions. To assure this, limits on resulting stresses or required strength 
capacities are recommended. 

 
a) If elastic working stress design methods are used: 

 
 

 1)  1.6 S = D + L + Ta + Ra + Pa 
 

 2)  1.6 S = D + L + Ta + Ra + Pa + 1.0 (Yj + Yr + Ym) + Feqo 
 

 3)  1.6 S = D + L + Ta + Ra + Pa + 1.0 (Yj + Yr + Ym) + Feqs 
 

b) If plastic design methods are used: 
 

 1)  .90 Y = D + L + Ta + Ra + 1.5 Pa 
 

 2)  .90 Y = D + L + Ta + Ra + 1.25 Pa + 1.0 (Yj + Yr + Ym) + 1.25 Feqo 
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 3)  .90 Y = D + L + Ta + Ra + 1.0 Pa + 1.0 (Yj + Yr + Ym) + 1.0 Feqs 
 
In combinations 3A(a) and (b), thermal loads can be neglected when it can be shown that they are-
secondary and self-limiting in nature and where the material is ductile. 
 
In combinations (1), (2) and (3), the maximum values of Pa, Ta, Ra, Yj, Yr and Ym, including an 
appropriate dynamic factor, are used unless a time-history analysis is performed to justify otherwise. 
 
Both cases of L having its full value, possibly present during the pipe rupture event, or being 
completely absent are checked for. 
 
For combinations (2) and (3), local stresses due to the concentrated loads Yr, Yj and Ym may exceed 
the allowables provided there will be no loss of function. Furthermore, in computing the required 
section strength, S, the plastic section modulus of steel shapes may be used. 
 
 
 
 
 
 
 
 
3.8.6.4.4 Acceptable Procedures for Determination of the Effect of an Impacting Whipping Pipe on 

Concrete and Steel Structures 
 
 Pipe whipping is precluded where the consequences would be unacceptable. 
 
3.8.6.4.5 Acceptable Procedures for Design of Structural Pipe Restraints 
 
 Protection of Category I structures, systems and components from the dynamic effects of 

postulated high-energy pipe ruptures can be accomplished in some situations by providing 
pipe restraints in critical locations on the piping systems. These restraints should function 
mainly by preventing the ruptured pipe, or portions thereof, from becoming a missile that 
might impact and damage other critical systems, and by preventing the ruptured pipe from 
whipping and impacting critical systems not capable of resisting such an impact. The 
restraints may be independent of dead and live load supports and of seismic restraints. 
However, should a pipe whip restraint be intended to function also as an operating dead load 
and/or seismic restraint, all applicable loads should be considered in the design of the 
restraint. 

 
a) ANALYSIS METHOD 
 
 
 The structural analysis of pipe restraints may consist 
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 of an energy-balance approach, where a potential collapse mechanism is first established. The 
displacement of this mechanism will reach its limit, by conservation of energy principles, 
when the external work available equals the internal work done on the restraint. 

 
 External work expressions may include kinetic expressions where mass and velocity of the 

ruptured pipe are known. Internal work expressions are graphically represented by the area 
under a resisting force-displacement curve. 

 
b) ALLOWABLE YIELD STRENGTH 
 
 Due to the high rate of strain that the structural restraint would experience after pipe rupture, and 

partly due to the strain-hardening effects, the static yield strength of the material used may be 
increased by 15 percent. 

 
c) ALLOWABLE STRAINS 
 
 In general, strains of up to 50 percent of ultimate strain are acceptable, provided there is no loss 

of function. Where buckling is critical in compression members, the load on the members 
should be limited to 90 percent of the buckling load. 

 
d) GAP EFFECT 
 
 Where gaps are provided between pipes and restraints, the kinetic energy of the pipe impacting 

the restraint may be critical and should not be ignored. Moreover, the kinetic energy of the 
pipe after rebound may be more critical and should also be considered. 
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TABLE 3.8-1
COMPARISON OF CALCULATED DESIGN LOADS

AND ULTIMATE CAPACITY OF STRUCTURAL ELEMENTS
OF REACTOR AUXILIARY BUILDING

Governing
Loading Load Calculated Ultimate

Structural Element Condition* Description Design Value Capacity

Foundation Mat

1) At support a Shear (kips) 3360 3600
a Moment(ft-kips) 250 384

2) At span centerline a Shear (kips) 0 3600
a Moment(ft-kips) 260 384

Column B2 a Axial load (kips) 2170 2520
a Moment(ft-kips) 780 900

Girder 2KL - el 19.5
l) At support a Shear(kips) 285 390

a Moment (ft-kips) 1160 1340

2) At span centerline a Shear (kips) 0 390
a Moment(ft-kips) 690 1080

South wall - el -5.0 a Shear (kips) 19 34
a Moment (ft-kips) 87 224

*See Section 3.8.1.5 for load combination.
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TABLE 3.8-2

COMPARISON OF CALCULATED DESIGN LOADS
AND ULTIMATE CAPACITY OF STRUCTURAL ELEMENTS

OF FUEL HANDLING BUILDING

Governing
Loading Load Calculated Ultimate

Structural Element Condition* Description Design Value Capacity

Foundation Mat a Shear(kips) 52.2 57.7
a Moment(ft-kips) 248 273

Column FH 4 e Axial load(kips) 336 370
e Moment(ft-kips) 1774 1812

Beam FH 4

1) At support e Shear(kips) 244 577
e Moment(ft-kips) 1406 2362
e Axial load(kips) 238 400

2) At span centerline a Shear(kips) 0 455
a Moment(ft-kips) 3242 3368

Wall FH 6

1) Vertical e Shear(kips) 13.1 19.1
e Moment(ft-kips) 66.8 82.2
e Axial load(kips) 2.90 6.00

2) Horizontal e Shear(kips) 4.6 19.9
e Moment(ft-kips) 34.4 37.3
e Axial load(kips) 7.00 8.00

*See Section 3.8.1.5 for load combination
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TABLE 3.8-3 
 

COMPARISON OF CALCULATED DESIGN LOADS 
AND ULTIMATE CAPACITY OF STRUCTURAL ELEMENTS 

OF INTAKE STRUCTURE 
 
     Governing 
     Loading Load  Calculated Ultimate 
 Structural Element Condition* Description Design Value Capacity 
 
 Foundation Mat  a  Shear (kips)  24   33 
     a  Moment(ft-kips) 75   90 
 
 Side Wall 
 a) Vertical   a  Moment(ft-kips) 64   92 
 b) Horizontal  a  Moment(ft-kips) 139   170 
 c) Punching Shear  a  Shear(kips)  840   1000 
 
 Top Slab   a  Shear(kips)  36   60 
     a  Moment(ft-kips) 117   131 
 
 Strut    a  Axial load(kips) 840   1560 
     a  Moment(ft-kips) 252   466 
 
 
 
 
 
 *See Section 3.8.1.5 for load combination 
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 TABLE 3.8-4 
  
 COMPARISON OF CALCULATED DESIGN LOADS 
 AND ULTIMATE CAPACITY OF STRUCTURAL ELEMENTS 
 OF DIESEL GENERATOR BUILDING 
  
 
      Governing 
      Loading Load  Calculated Ultimate 
  Structural Element Condition* Description Design Value Capacity 
  
  Foundation Mat 
    a) At Support   a Shear(kips)  25   36 
       a Moment(ft-kips) 154   160 
   
     b) At Span Center- 
       line    a Shear(kips)  0   36 
       a Moment(ft-kips) 115   126 
  
  External Wall- 
  el 13.0    e Shear (kips)  11   21 
       e Moment(ft-kips) 111   132 
  
  Roof     e Shear (kips)  6   16 
       e Moment(ft-kips) 48   56 
  
 
 
 
* See Section 3.8.1.5 for load combination 
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 TABLE 3.8-4A 
  
  ULTIMATE HEAT SINK DAM 
 STABILITY ANALYSES - RESULTS OF 
 CRITICAL LOADING CONDITIONS 
  
 
      Overturning Sliding     Water Levels 
   Loading Safety Safety Maximum  Big mud Intake 
 Section Combinations Factor Factor Soil Press. Creek Canal   
  
   DBE  1.50 1.87 -  +3.0 -7.0 
 Section  I 
 Center OBE  - - 7.13 k/o' +3.0 -7.0 
 33 x 50  base 
   PMH  2.05 1.84 3.75 k/o' +7.0 +16.2 
  
   DBE  1.51 1.56   +3.0 -7.0 
     1.46 3.07   0 +3.0 
 Sections II 
 Next To Center OBE  - - 5.88 k/o' +3.0 -7.0 
 30  x 50  base 
   PMH  1.35 2.27 4.44 k/o' +13.0 -6.0 
  
   DBE  3.75 4.66 -  +3.0 -7.0 
    
Sections III 
Ends  OBE  - - 3.03 k/o' +3.0 -7.0 
15 x 28.5 base 
   PMH  2.46 3.60 1.19 k/o' +7.0 +16.2 
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TABLE 3.8-4B 
ALLOWABLE STRESSES IN UNREINFORCED MASONRY 

  
  S U  
Description Allowable  Maximum Allowable Maximum  
 (psi) (psi) (psi) (psi) 
   
 
Compressive 
  Axial(1)   0.22f'm  1000 0.44f'm 2000 
  
  Flexural   0.33f'm  1200 0.85f'm 3000 
Bearing 
  On Full area  0.25f'm 900 0.62f'm 2250 
  
  On one-third area or less 0.375f'm 1200 0.95f'm 3000 
Shear 
  Flexural members(2,3) 1.1 m'f  50 1.7 m'f  75 

  Shear Walls(2) 0.9 m'f  34 1.35 m'f  51 
Tension  
  Normal to bed joints 
  Hollow units 0.5 om  25 0.83 om  62 

  Solid or grouted 1.0 om  40 1.67 om  67 
  Parallel to bed joints(4) 

 

   Hollow units 1.0 om  50 1.67 om  84 
 
   Solid or grouted 1.5 om  80 2.5 om  134 
 
   Grout Core 2.5 c'f   4.2 c'f  
Collar joints 
  Shear  8  12 
  Tension  8  12 
___________________________________________________________________________ 
   Notes: 

  (1) These values should be multiplied by (                ) if the wall has a significant vertical load 

  (2) Use net bedded area with these stresses. 

  (3) For stacked bond construction use two-thirds of the values specified. 

  (4) For stacked bond construction use two-thirds of the values specified for tension normal to the 
bed joints in the head joints of stacked bond construction. 

  (5) Note: For St. Lucie Unit #1 mo = 1800 psi 

  f'm   =  900 psi 
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TABLE 3.8-4C

ALLOWABLE STRESSES IN REINFORCED MASONRY
___________________________________________________________________________

S U
Description Allowable Maximum Allowable Maximum

(psi) (psi) (psi) (psi)
___________________________________________________________________________

Compressive

Axial(1) 0.22f'm 1000 0.44f'm 2000
Flexural 0.33f'm 1200 0.85f'm 2400

Bearing

On full area 0.25f'm 900 0.62f'm 1800
On one-third area 0.375f'm 1200 0.95f'm 2400
or less

Shear

Flexural members(2) m'f1.1 50 m'f7.1 75

Shear Walls(3,4)

Masonry Takes Shear

M/Vd≥1 m'f9.0 34 m'f5.1 56

M/Vd = 0 m'f0.2 74 m'f4.3 123

Reinforcement Takes
Shear

M/Vd≥1 m'f5.1 75 m'f5.2 125

M/Vd = 0 m'f0.2 120 m'f4.3 180

Reinforcement

Bond
Plain Bars 60 80
Deformed Bars 140 186
Tension
Grade 40 20,000 0.9Fy
Grade 60 24,000 0.9Fy
Joint Wire .5Fy or 30,000 0.9Fy
Compression 0.4Fy 0.9Fy
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TABLE 3.8-4C (Cont'd) 
 
Notes to Table 3.8-4C: 

(1)  These values should be multiplied by (1-
3

40t
h
⎟
⎠
⎞

⎜
⎝
⎛ )if the wall has a significant vertical load. 

 
(2) This stress should be evaluated using the effective area shown in figure below except as 

noted in (6). 
 

 
 
  AREA ASSUMED EFFECTIVE IN FLEXURAL COMPRESSION 
  FORCE NORMAL TO FACE. 
 
 
(3) Net bedded area shall be used with these stresses. 
 
(4) For M/Vd values between 0 and 1 interpolate between the values given for 0 and 1. 
 
(5) Note: For St. Lucie Unit #1 mo = 1800 psi 

  f'o =  900 psi 
 
(6) If Dur-O-Wal reinforcement is provided for stack bond walls the effective width of the 

reinforced units can be increased to the same amount as that used for running bond walls. 
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TABLE 3.8-5

CONTAINMENT VESSEL MATERIALS

Code
Allow. Tensile

Material Specification Strength (psi) Code Remarks

Plate SA 516, Gr 70 to SA 300* 17500 ASME

Forgings SA 350, Gr LF2* 17500 ASME

SA 182, F304 13750 ASME

Pipe SA 333,Grl* 13750 ASME Thru 14"φ

SB 167 18200 ASME Thru 5"φ

SB 166 18800 ASME 6" & 8"φ

SA 516, Gr 70 to SA 300 17500 ASME 16"φ &
Greater

Castings SA 352, Gr LCB* 16250 ASME

SA 351, Gr CF8 13750 ASME

Bolting SA 320, Gr L43* 25000 ASME

SA 320, Gr B8 15000 ASME

Structural A 36 % Fy AISC Not used
for
pressure
parts
nor within
4" of
pressure
parts,except
painter's
angle.

* All of the above designated carbon steel materials comply with the
requirements of the applicable ASME Code Material Specification for low
temperature service, except that the impact testing, as a minimum
requirement, was specified in Section III of the ASME Code, Paragraph N-
1210 or N-1211 as applicable. Charpy V-Notch specimens (SA370-Type A) were
used for all impact testing at a maximum temperature of 0 F.
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TABLE 3.8-6

CONTAINMENT VESSEL LOAD COMBINATIONS

LOAD COMBINATIONS
LOAD Case

1
Case
2

Case
3

Case
4

Case
5

Case
6

Case
7

Case
8

Case
9

Case
10

Case
11

INTERNAL PRESSURE (PSI) 49.5 44 39.6 39.6 39.6
EXTERNAL PRESSURE (PSI) 0.70 0.70
DEAD LOAD OF VESSEL &
APPUTENANCES

x x x x x x x x x x x

CONTAINED AIR @ TEST x x
DEAD LOAD OF VENTILATION
DUCT

x x x x x x x x x

DEAD LOAD OF PENETRATION
INTERNALS

x x x x x x x x x

CRANE LIVE LOAD x
CRANE DEAD LOAD x x x x x x x x x x
LATERAL LOAD DUE TO WIND x x
OBE HORIZONTAL LOAD x x x x x
DBE HORIZONTAL LOAD x x x
OBE VERTICAL LOAD x x x x x
DBE VERTICAL LOAD x x x
LIVE LOAD ON AIR LOCKS x x x x x
LIVE LOAD ON EQUIP.HATCHES x
LIVE LOAD ON PLATFORMS x
PIPE THERMAL LOADS x x x x
PIPE SEISMIC LOADS x x x x
PIPE RUTPURE LOADS x x
THERMAL LOADS @ EMBEDMENT x x x x
JET FORCES x x
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TABLE 3.8-7
CONTAINMENT VESSEL
ALLOWABLE STRESS

ASME Code is used in the design of the steel shell and its penetrations.
AISC refers to all other steel structures, interacting with the
containment vessel, such as crane girders, platforms, and temporary
supports.

CASE 1 - Construction at Post Weld Heat Treatment (PWHT)

No ASME Design (Shell is analyzed using methods consistent with the ASME
Code)

AISC Design

AISC Allowables

CASE 2 - Acceptance Test at Ambient Temperature

ASME Design
PM ≤ 1.25 (1.0 Sm)

PL + PB ≤ 1.25 (1.5 Sm)
PL + PB + Q ≤ 3.0 Sm

AISC Design

AISC Allowables

CASE 3 - Pre-Operation Test at Ambient Temperature

ASME Design
PM ≤ 1.1 (1.0 Sm)

PL + PB ≤ 1.1 (1.5 Sm)
PL + PB + Q ≤ 3.0 Sm

AISC Design

AISC Allowables

CASE 4 - Normal Operating Condition at Temperature
Range of 30 F to 120 F

ASME Design
PM ≤ 1.0 Sm

PL + PB ≤ 1.5 Sm
PL + PB + Q ≤ 3.0 Sm

AISC Design

AISC Allowables
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TABLE 3.8-7 (Cont'd)

CASE 5 - Cold Shutdown at Temperature Range of 30 F to 120 F

ASME Design

PM ≤ 1.0 Sm (Includes Seismic Stress)
PL + PB ≤ 1.5 Sm

PL + PB + Q ≤ 3.0 Sm

AISC Design

AISC Allowables with normal increase(1)

CASE 6 - LOCA Condition with OBE

ASME Design

PM ≤ 1.0 Sm (Includes Seismic Stress)
PL + PB ≤ 1.5 Sm

PL + PB + Q ≤ 3.0 Sm

AISC Design

AISC Allowables with normal increase

CASE 7 - LOCA Condition with DBE

ASME Design

PM ≤ 0.9 Sy (Includes Seismic Stress)
PL + PB ≤ 0.9 Su

AISC Design

AISC Allowables with normal increase

CASE 8 - Condition with OBE and Pipe Rupture

ASME Design

PM ≤ 1.0 Sm (Includes Seismic Stress) NOTE:
PL + PB ≤ 1.5 Sm Pipe loads are

PL + PB + Q ≤ 3.0 Sm investigated as a
local effect separ-
ately
Pm ≤ 0.5 Sy
PL + PB ≤  1.5 Sy or

AISC design 1.8 Sm

AISC Allowables with normal increase
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TABLE 3.8-7 (Cont'd)

CASE 9 - Condition with DBE and Pipe Rupture

ASME Design

PM ≤ 0.9 Sy (Includes Seismic Stress) NOTE:
PL + PB ≤ 0.9 Su Pipe loads are

investigated as a
AISC Design local effect separ-

AISC allowables with normal increase(1) ately PM ≤ 0.9 Sy
PL + PB ≤ 1.5 Sy or

1.8 Sm

CASE 10 - Condition with OBE and Thermal Plus Seismic Loads on Piping

ASME Design

PM ≤ 1.0 Sm (Includes Seismic Stress) NOTE:
PL + PB ≤ 1.5 Sm Pipe loads are

PL + PB + Q ≤ 3.0 Sm investigated
as a local effect
separately using ASME

AISC Design Code allowables

AISC Allowables with normal increase

CASE 11 - LOCA condition with DBE with Pressure and Thermal
Plus Seismic Loads on Piping

ASME Design

PM ≤ 0.9 Sy NOTE:
PL + PB ≤ 0.9 SU Pipe loads are

investigated as a
AISC Design local effect separ-

ately using ASME
Code allowables

AISC Allowables with normal increase

Notes:

(1) "normal increase" refers to Section 1.5.6 of the AISC Code which
permits a 33 1/3 percent increase in allowables for seismic stress.
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TABLE 3.8-8 
 
 SUMMARY OF ELLIPSOIDAL BOTTOM HEAD STRESSES 
 
               MERIDIONAL (LONGITUDINAL) STRESSES                                        CIRCUMFERENTIAL STRESSES                           
 
 COMPRESSIVE STRESS (PSI) TENSILE STRESS (PSI) COMPRESSIVE STRESS (PSI)  TENSILE STRESS (PSI) 
 
LOAD CASE ALLOWABLE MAX. CALC. ALLOWABLE MAX. CALC. ALLOWABLE MAX CALC. ALLOWABLE MAX. CALC. 
 
 1 - 0 5000 166 833 185 5000 0 

 2 - 0 21875 20928 - 0 21875 18384 

 3 - 0 19250 18618 - 0 19250 16324 

 4 - 0 17500 72 2200 261 17500 0 

 5 - 0 17500 72 2200 261 17500 0 

 6 - 0 17500 16769 - 0 17500 14677 

 7 - 0 30670 16769 - 0 30670 14677 

 8 - 0 17500 161 - 0 17500 180 

 9 - 0 34200 161 - 0 34200 180 
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TABLE 3.8-9 

 

SUMMARY OF CYLINDER STRESSES 
 

 
MERIDIONAL (LONGITUDINAL) STRESSES 

 
  

  
CIRCUMFERENTIAL STRESSES 

 

  COMPRESSIVE STRESS (PSI) TENSILE STRESS (PSI) COMPRESSIVE STRESS (PSI) TENSILE STRESS (PSI) 
LOAD CASE ALLOWABLE   MAX.  CALC. ALLOWABLE  MAX.  CALC. ALLOWABLE MAX.  CALC. ALLOWABLE MAX.  CALC. 

1 3000 1030 5000 222 305 111 5000 111 

2 - 0 21875 10781 - 0 21875 21891 

3 - 0 19250 9547 - 0 19250 19360 

4 3900 1257 17500 0 850 110 17500 0 

5 3900 1307 17500 0 850 110 17500 0 

6 - 0 17500 8626 - 0 17500 17424 

7 - 0 30670 8770 - 0 30670 17424 

8 3900 1202 17500 0 - 0 17500 0 

9 3900 1620 34200 56 - 0 34200 0 

 

 

 

 

 

3.8-117



 

 

TABLE 3.8-10 

 

 SUMMARY OF HEMISPHERICAL DOME STRESSES 
 

MERIDIONAL (LONGITUDINAL) STRESSES CIRCUMFERENTIAL STRESSES 
 
COMPRESSIVE STRESS (PSI) 
 

 
TENSILE STRESS (PSI) 

 
COMPRESSIVE STRESS (PSI) 

 
TENSILE STRESS (PSI) 

 
 
 
 
LOAD CASE 

 
ALLOWABLE* 

 
MAX. CALC. 

 
ALLOWABLE  

 
MAX. CALC.  

 
ALLOWABLE 

 
MAX. CALC. 

 
ALLOWABLE 

 
MAX. CALC. 

 
|51 

1 790 235 5000 24 790 192 5000 328 

2 - 0 21875 21653 - 0 21875 22095 

3 - 0 19250 19230 - 0 19250 19487 

4 2036 364 17500 0 2036 212 17500 74 

5 2036 364 17500 0 2036 212 17500 74 

6 - 0 17500 17316 - 0 17500 17608 

7 - 0 30670 17342 - 0 30670 17664 

8 2036 254 17500 0 2036 102 17500 184 

9 2036 310 24200 0 2036 123 34200 240 

 

 

* Meridional Stress + Circumferential Stress ≤ 790 psi or 2036 psi as applicable. 
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TABLE 3.8-10A 

GUARD PIPE AND PROCESS LINE ASSEMBLY 
ACTUAL VS. ALLOWABLE STRESSES 

 
Process Pipe - Flued Head Weld Guard Pipe - Flued Head Weld Penetration 

Type 
Pen 
No. 

Pen 
Function OBE + Operating 

Weld Stress-psi 
(Allowable 3(SM)) 

DBE + Operating 
Weld Stress-psi 

(Allowable 3(SM)) 

OBE + Operating 
Weld Stress-psi 

(Allowable 3(SM)) 

DBE + Operating 
Weld Stress 

(Allowable 3(SM)) 

Guard Pipe 
Pipe Rupture + 

Operating Stress 
(Allowable (YIA0)) 

I 1 Main Steam 24,672 
(54,921) 

43,446 
(54,921) 

12,474 
(62,844) 

22,602 
(62,843) 

14,200 
(23,400) 

I 3 Feedwater 15,636 
(58,682) 

18,679 
(58,682) 

6,575 
(62,210) 

9,360 
(63,210) 

23,400 
(30,800) 

III 5 Blowdown 21,644 
(57,124) 

28,683 
(56,739) 

1,605 
(60,000) 

2,082 
(60,000) 

11,200 
(27,100) 

III 26 Letdown 8,351 
(51,022) 

8,439 
(51,022) 

11,327 
(59,487) 

11,360 
(59,488) 

6,530 
(27,100) 

III 36 Safety-
Injection 

19,520 
(57,464) 

25,522 
(47,464) 

14,840 
(60,000) 

16,060 
(60,000) 

13,800 
(31,400) 

III 40 Shutdown 25,770 
(56,100) 

33,684 
(56,100) 

11,397 
(56,100) 

12,238 
(56,100) 

14,700 
(33,100) 
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  TABLE  3.8-10B 
  
 FLUID HEAD MAXIMUM STRESS SUMMARY  
 FOR 
 TYPE I PENETRATIONS 
 SEISMIC LOADINGS 
  
 Main Steam (Pl, P2)  
  

Combination  Max. Stress   Stress Allowable 
     Intensity (PSI)  Location  Stress 
  
 #1 OBE&THERM(Ax+Bend+Tor) 26203  El#90-Head Body 61141 
        I.D. Left Side 
  
 #2 OBE&THERM(Ax+Trans+Bend+ 36732  El#82 O.D.Left 61080 
    Tor)      Process Pipe Hub 
  
 #3 OBE&THERM(Ax+Trans+Bend+ 25806  El#90 Head Body 61141 
    Tor)      I.D. Left Side 
  
 #4 DBE&THERM(Axial) 26110  El#90 Head Body 61141 
        I.D. Left Side 
  
 #5 DBE&THERM(Ax+Trans+Bend+ 25950  El#90 Head Body 61141 
    Tor)      I.D. Left Side 
  
 #6 DBE&THERM(Ax+Trans+Bend+ 57626  El#114 O.D. Left 61442 
    Tor)      Process Pipe Hub 
  
 #7 DBE&THERMAL(Trans+Bend+ 25338  El#90 Head Body 61141 
    Tor)      ID Left Side 
   
  Feedwater (P3, P4)  
  

Combination  Max. Stress Stress Allowable 
     Intensity (PSI) Location  Stress 
  
#1 OBE&THERM(Ax+Trans+Bend+Tor) 32205 El#100 Head Body 60520 
       I.D. Left Side 
  
#2 OBE&THERM(Ax+Trans+Bend+Tor)   34783 El#101 Head Body 60473 
       I.D. Left Side 
  
#3 OBE&THERM(Ax+Trans+Bend+Tor)   31736 EI#100 Head Body 60520 
       I.D. Left Side 
  
#4 DBE&THERM(Ax+Trans+Bend+Tor)   32984 El#101 Head Body 60473 
       I.D. Left Side 
  
#5 DBE&THERM(Ax+Trans+Bend+Tor)  38188 El+101 Head Body 60473 
       I.D. Left Side 
  
#6 DBE&THERM(Ax+Trans+Bend+Tor)  31944 El#100 Head Body 60520 
       I.D. Left Side 
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TABLE 3.8-10C 

 
 FLUID HEAD MAXIMUM STRESS SUMMARY  
 FOR 
 TYPE III PENETRATIONS  
 SEISMIC LOADINGS 
 
 PENETRATION NUMBER 5 
 
   Max. Stress Stress Allowable 

Combination Intensity(PSI) Location  Stress 
  
 O.B.E. 
#1 Normal OP.(Ax+BEN)  23776   OD Outboard Process 
    Pipe Hub(#64)  57729 
 O.B.E. 
#2 Normal OP.(Trans+BEN) 19845   OD Inboard Process 
       Pipe Hub (#77)  57124 
  
  O.B.E. 
#3 Normal OP (Trans+Tor) 24575   OD Outboard Process 57124 
       Pipe Hub (#64)  57729 
  
 D.B.E. 
#4 EMER.(Ax+BEN)  31158   OD Outboard Process 
       Pipe Hub (#64)  57729 
  
 D.B.E. 
#5 EMER.(Trans+BEN)  26940   OD Inboard Process 
       Pipe Hub (#77)  57124 
  

D.B.E. 
#6 EMER.(Trans+Tor)  35689   OD Outboard Process 
       Pipe Hub (#64)  57729 
  
 PENETRATION NUMBER 26 
  
    Max. Stress  Stress Allowable 

Combination Intensity (PSI)  Location Stress 
  
     O.B.E. 
#1 Normal OP.(Ax+BEN)  25588 Inboard Process Pipe 
       Fillet RAD (#183) 54188 
      O.B.E. 
#2 Normal OP.(Trans+BEN)  25608  "  " 
  
      O.B.E. 
#3 Normal OP.(Trans+Tor)  25616 " " 
  
      D.B.E. 
#4 EMER.(Ax+BEN)  25581 " " 
  
      D.B.E. 
#5 EMER.(Trans+BEN)  25608 " " 
       
 D.B.E. 
#6 EMER.(Trans+Tor)  25620 " " 
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TABLE 3.8-10C (Cont'd) 
  
  PENETRATION  NUMBER  36 
  
    Max. Stress  Stress Allowable 

Combination Intensity (PSI) Location Stress 
  
      O.B.E. 19036  ID Head(#125)  57852 
 #1 Normal OP.(Ax+Ben) 
  
      O.B.E. 
 #2 Normal OP.(Trans+Ben) 19118  ID Head(#125)  57852 
  
       O.B.E.     Outboard Process  57744 
 #3 Normal OP.(Trans+Tor) 20402  Pipe Hub (#23) 
  
       D.B.E.     OD Inboard Process 
 #4 Emer.(Ax+Ben)  23569  Pipe Hub (#91)  57508 
  
       D.B.E.     OD Inboard Process 
 #5 Emer.(Trans+Ben)  22365  Pipe Hub (#91)  57508 
  
       D.B.E.     Outboard Process 
 #6 Emer.(Trans+Tor)  26775  Pipe Hub (#23)  57744 
  
Max Transient Stress = 25430(ALT)@505 cycles /Usage Factor <.0l 
Stress located at I.D. of Outboard Process Pipe Hub 
 
 
 PENETRATION NUMBER 40 
  
    Max. Stress  Stress Allowable 

Combination Intensity (PSI) Location Stress 
  

O.B.E.     ID Inboard Process 
 #1 Normal OP.(Ax+Ben) 22542  Pipe Hub (#86)  56100 
  
       O.B.E.    OD Outboard Process 
 #2 Normal OP.(Trans+Ben) 22300 Pipe Hub (#22)  " 
  
       O.B.E.  22439   "  " 
 #3 Normal OP.(Trans+Tor) 
  
       D.B.E. 25945   "  " 
 #4 Emer.(Ax+Ben) 
  
       D.B.E.  25918   "  " 
 #5 Emer.(Trans+Ben) 
        
 D.B.E.  29889   "  " 
 #6 Emer. (Trans+Tor) 
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TABLE 3.8-11 

COMPARISON OF CALCULATED DESIGN LOADS 
AND ULTIMATE CAPACITY OF STRUCTURAL ELEMENTS 

OF SHIELD BUILDING 
 Governing    
 Loading Load Calculated Ultimate 
Structural Element Condition* Description Design Value Capacity 
     
Foundation Mat     
a)  Radial g Shear (kips/ft) 26 124 
 g Moment(ft-kips) 1730 2000 
     
b)  Tangential g Shear(kips/ft) 22 124 
 g Axial load(kips/ft) 253 260 
 g Moment (ft-kips/ft) 1478 1792 
     
Cylinder Wall     
a)  Vertical below el 10.0 g Shear (kips/ft) 11 73 
 g Axial load (kips/ft) 68 80 
 g Moment (ft-kips/ft) 246 312 
     
b)  Horizontal below el 10.0 g Shear(kips/ft) 3 73 
 g Axial load (kips/ft) 69 80 
 g Moment (ft-kips/ft) 42 147 
     
c)  Vertical above el 10.0 g Shear (kips/ft) 0.5 40 
 g Axial load (kips/ft) 51 55 
 g Moment (ft-kips/ft) 56 101 
     
d)  Horizontal above el 10.0 g Shear (kips/ft) 0.7 40 
 g Axial load  (kips/ft) 115 120 
 g Moment (ft-kips/ft) 60 155 
     
 *See Section 3.8.2.2.6 for load combination. 
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TABLE 3.8-11 (Cont'd) 
 
 
 

 Governing    
 Loading Load Calculated Ultimate 
Structural Element Condition* Description Design Value Capacity 
     
Dome     
a)  Meridional i Shear (kips/ft) 19 32 
 i Axial load (kips/ft) 17 30 
 i Moment (ft-kips/ft) 85 333 
     
b)  Circumferential i Shear(kips/ft) 19 32 
 i Axial load (kips/ft) 214 242 
 i Moment (ft-kips/ft) 13 13 
     
Secondary Shield Wall     
a)  Vertical h Shear (kips/ft) 171 171 
 h Axial load (kips/ft) 136 137 
 h Moment (ft-kips/ft) 634 687 
     
b)  Horizontal h Shear (kips/ft) 179 179 
 h Axial load (kips/ft) 404 405 
 h Moment (ft-kips/ft) 578 598 
     
Primary Shield Wall     
a)  Vertical h Shear (kips/ft) 35 144 
 h Moment(ft-kips/ft) 1336 1360 
     
b)  Horizontal h Moment (ft-kips/ft) 310 336 

 
*See Section 3.8.2.2.6 for load combination. 
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TABLE 3.8-12

COATING - INSIDE CONTAINMENT

DATA INTENTIONALLY DELETED

3.8-125 Amendment No. 14, (6/95)



TABLE 3.8-12 (con't)

REPAIR COATING SCHEDULE - INSIDE CONTAINMENT

DATA INTENTIONALLY DELETED

3.8-125a Amendment No. 14, (6/95)



TABLE  3.8-13
RESTRAINT ANALYSIS - LINES ANALYZED

(Historical Information)

Fluid In Pipe System & Line Number Fluid in Pipe System & Line Number Fluid in Pipe System & Line Number

Steam Main Steam: Water Reactor Coolant: Water Reactor Coolant:

" MS-1,3 " RC-114,123 " RC-834

" MS-2,4 " RC-112,115,121,124 " RC-885,836

" MS-10,11,13 " RC-108 Chemical & Volume
Water Control System:

" MS-28,29 " RC-147,151 to 154,162 " CH-106,107,110,111

" MS-50,51 " RC-102,103 " CH-104,109,112,125

" MS-52,53 " RC-109,141 " CH-146,147,148,149

" MS-63 to 78 " RC-113,116,122,125 " CH-126,127,135,136,137

 “ M-79,80 “ RC-142,145,148.149

Water Feedwater: " RC-150 " CH-113,117,121

" BF-28,30 " RC-105,117,118.119 " CH-115,118,123,134

" BF-42,43 " RC-120,130,137,138 " CH-101,102

" BF-32 " RC-139,140 " CH-100,103,128

" BF-33,35 " RC-101 " CH-142,143

" Deleted " RC-156,157 " CH-300,301,312

" BF-13,18,55,56 " RC-104,107 " CH-309,310

" BF-14,19 " RC-822 " CH-304,307

" BF-29,34,31,36 " RC-824,827,828,829 " CH-305,308

" BF-51,52 " RC-825,826

3.8-126 Amendment No. 17 (10/99)



TABLE 3.8-13 (Cont'd)

Fluid in Pipe System & Line Number Fluid in Pipe System & Line Number

Containment Spray
Water & Safety Injection: Water Blowdown System

" CS-8,9,10,11 " I-B-42,43,61,62

" CS-14,15,18,19 " B-52,54

" SI-406,407,412,414

" SI-408,410,814

" SI-472,474

" SI-430

" SI-415,416

" CS-58,59

" CS-36,37

" SI-222,224

" CS-38,39

" SI-110,111,112,113

" SI-137,138,139,140

" SI-457,458,459,460

" SI-101,102,103,100,
   148,149,150,151

SI 1" lines at Safety In-
   jection Tank

3.8-127 Amendment No. 17 (10/99)



• 

• 

• 

Refer to drawing 

8770-G-793 Sheet 1 

FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

CONT A1NMENT VESSEL SH.1 

FIGURE 3.8-1 

Amendment No. 15 (1/97) 



• 

• 

• 

Refer to drawing 

8770-G-793 Sheet 4 

FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

CONTAINMENT VESSEL SH.4 

FIGURE 3.8-1a 

Amendment No. 15 (1/97) 
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FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

REACTOR BUILDING DOME-REINF SH 1 

FIGURE 3.8-28 
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FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

REACTOR BUILDING DOME-REINF. SH 2 

FIGURE 3.8-29 
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FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

REACTOR BUILDING INTERNAL CONC. PLANS & 
SECTS.-MAS.-SH. N0.1 

FIGURE 3.8-30 
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FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

REACTOR BUILDING INTERNAL CONC. PLANS & 
SECTS.-MAS.-SH. N0.2 

FIGURE 3.8-31 

Amendment No. 15 (1/97) 
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 FLORIDA POWER AND LIGHT COMPANY 
ST. LUCIE PLANT UNIT 1 

 REACTOR BUILDING EMBEDDED STEEL-
PRIMARY SHIELD WALL 

FIGURE 3.8-31a 
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3.9  MECHANICAL SYSTEMS AND COMPONENTS 
 
3.9.1  DYNAMIC SYSTEM ANALYSIS AND TESTING 
 
3.9.1.1 Vibration Operational Testing 
 
Safety related piping systems have been designed in accordance with ANSI B31.7 Code Class I, II, or III 
(see Table 3.2-2 for Code requirements). 
 
In order to comply with the Code, each system has been designed to minimize dynamic effects but, due 
to the complexities of analyzing these effects, a preoperational test will also be implemented. 
 
The preoperational test program for the Class I, II, and III piping systems will simulate actual operating 
modes to demonstrate that the appurtenances comprising these systems will meet functional design 
requirements. 
 
Piping systems will be checked in three sequential series of tests and inspections. Construction 
acceptance, the first step, entails inspection of components for correct installation according to codes, 
specifications and drawings. During this phase, pipe and equipment supports will be checked for correct 
assembly and setting based on calculations. The cold locations of reactor coolant system components 
such as steam generators and reactor coolant pumps will be recorded. 
 
During the second step of testing - plant heatup - the plant will be heated to normal operating 
temperatures. During the heatup, expansion data will be recorded and all systems will be observed 
periodically to verify proper expansion. 
 
During the third step of testing - performance testing - systems will be operated and performance of the 
pumps, valves, controls, and auxiliary equipment checked. This phase of testing will include transient test, 
such as reactor coolant pump trips, reactor trip, and relief valve testing. During this phase of testing, the 
piping and piping restraints will be observed for vibration and expansion response. Automatic safety 
devices, control devices and other major equipment will be observed for indications of overstress, excess 
vibration, overheating and noise. Also, to verify the piping design for water hammer, each system test will 
include valve operation during transient system modes. 
 
EPU implemented a Piping Vibration Monitoring Plan to ensure that any steady state flow-induced piping 
vibration and thermal expansion displacements on secondary systems piping were not detrimental to the 
plant, piping, pipe supports or connected equipment at pre-EPU/post modification, EPU power ascension 
and post-EPU conditions.  The piping system vibration test plan excluded valve internal vibration, 
unstable check valve operation, active component operation, heat exchanger vibration and primary 
system piping vibration. 
 
3.9.1.2 Seismic Testing and Analysis 
 
Equipment specifications for seismic Class I mechanical component contained requirements for seismic 
testing or analysis. Initially, seismic forces in the horizontal and vertical direction ware determined by 
estimating the amplication of each floor acceleration due to the operational and design basis earthquake. 
These seismic loads were forwarded to the equipment manufacturer in the form of OBE loads (horizontal 
and vertical) and DBE loads (horizontal and vertical). The manufacturer was required to demonstrate that 
the equipment and equipment supports 
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would not suffer loss of function under the maximum hypothetical loads. 
 
In order to prove the seismic integrity of the Seismic Class I equipment, the manufacturer was required to 
perform one or more of the following: 

a) Perform a vibration test over various frequencies associated with the DBE. 

b) Submit calculations providing that the stress levels would not exceed the allowable stresses for the 
equipment and equipment supports. 

c) Supply data experience for the equipment operating under similar loading conditions. 
 
In addition, spectra curves (see Figures 3.7-12 through 3.7-24) indicating the floor response acceleration 
as a function of vibration period were forwarded to the manufacturer. The manufacturer was required to 
determine that the natural period of vibration for the equipment including its supports did not coincide with 
the critical period range of the equipment's floor spectra curve so that the actual loading including 
amplification of the supports was within the specified seismic acceleration values. 
 
For seismic Class I mechanical components, Table 3.9-1 lists the specified g values, the accelerations for 
which the component was qualified and the method of qualification (test, analysis or operating data). 
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3.9.1.3 Reactor Internals - Core Support Barrel Evaluation & CSB/TS Vibration Analysis and Tests 
 
Design analyses were performed on the reactor internals for normal operating conditions to demonstrate 
that the mechanical design bases defined in Section 4.2 were satisfied. These design calculations 
included appropriate vibration analyses of the component assemblies. 
 
During the March, 1983 refueling outage, difficulties were encountered during core reload when a fuel  
assembly would not seat properly on the core support plate. Subsequent inspection determined there  
was debris of unknown origin on the plate. The fuel was unloaded and the core support barrel was  
removed to investigate the source of the debris.  
  
A visual examination of the core support barrel/thermal shield assembly disclosed the thermal shield  
support system to be severely damaged. A number of thermal shield support pins were fractured  and/or  
missing and damage to the core support barrel was visible. An evaluation of the thermal shield support  
system concluded that refurbishment was impractical. Analyses performed to evaluate operation of the  
plant without a thermal shield for its remaining design life indicated that replacement of the thermal  shield 
was not necessary. Refer to Section 4.2.2.2 for details of thermal shield removal and re-analysis  of the 
reactor vessel and internals.  
  
Upon removal of the thermal shield from the core support barrel, a nondestructive examination of the  
core support barrel was conducted. Damage of varying degrees was in evidence at eight of the nine  
thermal shield support lug locations. Four lugs were separated from the core support barrel and  through  
wall cracks were confirmed adjacent to some damaged lug areas.  
  
Repair was made to stop propagation of the existing cracks in the core support barrel, to maintain  
bypass leakage at an acceptable level, and to assure core support barrel structural integrity remains.  
  
The repair process for the core support barrel involved machining the damaged areas to reduce  stress  
concentrations. Through wall cracks were arrested by crack arrestor holes appropriately sized for each  
crack; non-through-wall cracks were removed by machining away all material around the crack, and lug  
tear out areas were machined and patched as necessary. The crack arrestor holes and lug tear out  
areas were sealed by inserting expandable plugs and installing patches held in place by expandable  
plugs, respectively.  
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A re-analysis of the repaired core support barrel and the reactor internals without the thermal shield was 
performed. The component stresses under normal, upset and faulted conditions were evaluated and 
found to be within the limits of Section III, Subsection NG 1972, Draft Edition of the ASME Nuclear 
Components Code. The results of all analysis were submitted to the NRC (23), and were reviewed and 
concurrence obtained (24). 
 
A re-analysis of the vibratory response of reactor internals to the hydraulic forcing functions was 
performed. 
 
The normal operating loads, generated for use in the analysis, consist of the following categories of loads: 
 
 a. Static Hydraulic loads, 
 b. Pump Induced loads, and 
 c. Turbulence Induced loads. 
 
 
These are discussed in detail in the following sections: 
 
a)  Static Hydraulic Loads 
 
The static hydraulic loads acting on the portion of the core support barrel extending from the thermal 
shield lug elevation down to its bottom are given in Table 3.9-2a and Figure 3.9-6. Loads were calculated 
for the two sets of conditions given in Table 3.9-2b; the most adverse loads were chosen as input to the 
integrity analysis. 
 
The axial hydraulic load in Table 3.9-2a is based on the operating conditions in Table 3.9-2b and 
calculated loss coefficients for the flow path segments between the inlet nozzles and the upper region. 
The maximum radial delta p across the core support barrel wall in Table 3.9-2a is also based on 
calculated loss coefficients. 
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The lateral loading distributions on the core support barrel given in Figure 3.9-6, are based on measured 
total pressures and flow kinetic heads in the downcomer region of a scaled flow model of the St. Lucie 1 
reactor. 
 
b)  Pump-Induced Loads 
 
Pump-induced acoustic loads acting on the core support barrel were calculated at an inlet temperature of 
548°F at the following four pump characteristic frequencies: 

1. rotor speed, 15 HZ 

2. 2 x rotor speed, 30 HZ 

3. blade passing frequency, 75 HZ 

4. 2 x blade passing frequency, 150 HZ 
 
The pump-induced loads on the core support barrel are determined using two hydrodynamic models: 

1. The first model evaluates the propagation of pump-induced pressure pulsations in the cold leg 
water column from the pump discharge to the inlet nozzle on the vessel. 

2. The second model evaluates the propagation of pump-induced pressure pulsations in the 
downcomer water column in the reactor vessel. The output from the first model is used to drive the 
second. 

 
The wave equation for a compressible, inviscid fluid is set up and solved for each model. For the case of 
the downcomer, the series solution for the resulting 3-D wave equation was solved by means of a C-E 
computer code, DPVIB. 
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The output from the downcomer model consists of a description of the pressure distribution on the core 
support barrel wall, Po(RCSB, θ, Z). Typically, a pressure distribution is generated at each pump driving 
frequency for the case of a single operating pump with a nominal unit fluctuating inlet nozzle pressure. 
The resulting pressure distribution is described by the series: 
 
 
 
where: 

 =  
 
 = Circumferential wave number 
 
  = Axial wave number 
 
 = Radial wave number 
 
 = Fourier coefficient 
 
 = Eigenvalue =  
 
 = Liquid natural frequency 
 
 = Speed of sound in liquid 
 
 = Variable related to the axial waves n/L 
 
 = Radius 
 
 = Bessel functions of first and second type 
 
 = Axial position 
 
 = Azimuthal position referenced to the zero degree position for 
  the operating pump 
 
 = Length of downcomer annulus 
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The pressure distribution Po (RCSB, θ, Z) based on the nominal unit psi inlet pressure, is scaled by the 
calculated inlet nozzle pressure that is output from the model for the cold leg. 
 
 P (RCSB, θ, Z) =Pinlet x Po (RCSB, θ, Z) 
 
where: 

 Pinlet = calculated pump-induced pressure fluctuation at the vessel inlet nozzle; values are given in 
Table 3.9-2c 

 
To obtain the overall pressure distribution P (RCSB, θ, Z) on the core support barrel, for multiple pump 
operation, the pressure distribution for the single pump case was superimposed at the appropriate 
azimuthal positions for the particular operating pumps. To maximize pressure fluctuations on the 
downcomer, the phasing between the operating pumps was selected to produce the most adverse 
loading condition on the core support barrel. 

c) Turbulence-Induced Loads 

 Hydraulic excitation of the core support barrel due to random turbulence was calculated from a 
power spectral density vs. frequency plot based on turbulent pressure fluctuation measurement in a 
scaled PWR model and coherence areas determined from laboratory and field test data inside a 
PWR. 

 
In order to establish the structural integrity of the repaired core support barrel a comprehensive stress 
analysis was performed utilizing the methods and compared to the original criteria set forth in Section III, 
Subsection NG of the ASME Code: For Normal and Upset Conditions (Levels A and B), Figure NG-3221-
1; For LOCA Conditions (Level D), Appendix F. 
 
The following information is provided for historical information. The thermal shield removal has altered the 
results found herein. However, FPL in letter L-84-29 and the NRC in their March 14, 1984 letter have 
stipulated that the results contained herein are still conservative. 
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The flow induced vibration of the core support barrel, thermal shield system (CSB/TS), during normal 
operation, was characterized as a forced response to deterministic and random pressure fluctuations in 
the coolant. Methods were developed for predicting the response of components to the hydraulic forcing 
functions. 
 
Emphasis was placed on analysis and design of those components which were particularly critical and 
susceptible to vibratory excitation, such as the thermal shield, Using a top supported, as opposed to a 
bottom supported, thermal shield design improves stability as it eliminates a free edge in the flow path. 
Increasing the number of upper supports and lower jackscrews, in the specific manner chosen, provides a 
much stiffer structure and the use of an all-welded shield eliminates local flexibilities and relative motion 
at bolted joints. Analytical studies show the thermal shield to be stable on its support system when 
exposed to the axial annular flow encountered during normal operation. The snubber design is based 
upon limiting the motion of the core support barrel under conditions of hydraulically induced vibrations. 
The snubbers are at the position of maximum amplitude for the fundamental lateral bending mode of the 
barrel, thereby restricting motion of the barrel at the most efficient position. The circumferential distribution 
of snubbers assures restraint regardless of the direction of response. 
 
The random hydraulic forcing function was developed by analytical and experimental methods. An 
analytical expression was developed to define the turbulent pressure fluctuation for fully-developed flow. 
This expression was modified, based upon the result of scale model testing, to account for the fact that 
flow in the downcomer was not fully developed. Based upon test results, an expression was developed to 
define the spatial dependency of the turbulent pressure fluctuations. In addition, experimentally adjusted 
analytical expressions were developed to define the peak value of the pressure spectral density 
associated with the turbulence and the maximum area of coherence, in terms of the boundary layer 
displacement, across which the random pressure fluctuations are in phase. 
 
The natural frequencies and mode shapes of the CSB/TS system were obtained using the axisymmetric 
shell finite element computer program, ASHSD (Reference 1). This computer program is capable of 
obtaining natural frequencies and mode shapes of complex axisymmetric shells: e.g., arbitrary meridional 
shape, verying thickness, branches, multi-materials and orthotropic material properties. To employ the 
ASHSD code, the core support barrel and thermal shield were modeled as a series of conical shell 
frustrums joined at their modal point circles. The length of each element, throughout the ASHSD model, 
was a fraction of the shell decay length. Since rapid changes in the stress pattern 
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occur in regions of structural discontinuity, the nodal point circles were more closely spaced in such 
regions. The finite element model of the core support barrel, thermal shield system included 
representation of the core support barrel upper and lower flanges, sections of different wall thickness, and 
thermal shield support lugs and jackscrews. 
 
Elements with orthotropic material properties were utilized to provide equivalent axisymmetric models of 
the structural stiffness and constraints to relative motion between the core support barrel and thermal 
shield provided by the thermal shield support lugs and jackscrews. Those modes which reflect the mass 
of the lower support structure, core shroud and fuel were simulated by the addition of concentrated 
masses at specific nodes in the core support barrel flange finite element model. 
 
Applying Hamilton's variational principle to the conical shell elements and equation of motion was 
formulated for each degree of freedom of the system. An inverse iteration technique was utilized in the 
program to obtain solutions to the characteristic equation, which were based on a diagonilized form of a 
consistent mass matrix and stiffness matrices developed using the finite element method. Four degrees 
of freedom (radial displacement, circumferential displacement, vertical displacement, and meridional 
rotation) were taken into account in the analysis, giving rise to coupled mode shapes and corresponding 
frequencies. Evaluation of the reduction of these frequencies for the system immersed in coolant was 
made by means of the "virtual mass" method outlined in Reference 2. 
 
The random response analysis considers the response of the CSB/TS system to the turbulent 
downcomer flow during steady-state operation. The random forcing function is assumed to be a wide-
band stationary random process with a pressure spectral density equal to the peak value associated with 
the turbulence. The rms vibration level of the CSB/TS system was obtained based upon a damped, single 
degree of freedom analysis assuming the rms random pressure fluctuation to be spatially invariant. The 
snubber loads were derived from the random loads outlined above. Modeling the reactor vessel snubbers 
and core support barrel as a single degree of freedom spring-mass system, the number and magnitude of 
snubber, core barrel impacts was calculated based upon the response of the system to random 
excitation. The snubbers were designed, based upon this loading requirement, to meet the cyclic strength 
requirements specified in Section III of the ASME Boiler and Pressure Vessel Code. 
 
The forced response of the reactor internals to deterministic loading was evaluated by classical analytical 
methods, using lumped mass and continuous elastic structural models. These calculated responses were 
used to verify the structural integrity of the reactor vessel internals to normal operating vibratory 
excitation. Components were analyzed to assure that there were no adverse affects from dominant 
excitation frequencies, such as pump rotational and blade passing frequencies, vortex shedding 
frequencies, and the natural frequencies of associated components. 
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The core support barrel is analyzed to provide assurance that this major structure does not exhibit 
excessive vibrations. It thereby keeps the entire reactor internals assembly at a low vibration level. 
Vibration analysis of the barrel, based on inlet flow impingement forces and turbulent flow, demonstrates 
that the anticipated rms response of the barrel is low. 
 
Stresses in the most critical areas of the barrel are evaluated by superimposing thermal and static 
loadings on the dynamic response of the barrel. The calculated response of the fundamental mode of 
vibration of the core support barrel is used as an excitation in evaluating the response of the fuel 
assemblies to the core support plate and flow excitations. Vibration analysis of the assemblies 
demonstrates that the most likely modes of vibration do not coincide in frequency with available pump or 
mechanical excitation forces. 
 
Experimental conformation of the adequacy of the reactor internals design is based upon the results of 
the prototype precritical vibration monitoring programs (PVMP) for Maine Yankee and Fort Calhoun. In 
accordance with AEC Regulatory Guide 1.20, prototype prediction, measurement and inspection 
programs were developed and performed for the Maine Yankee and Fort Calhoun reactor internals. 
Theoretical prediction analyses were performed for Maine Yankee (Reference 19) and Fort Calhoun 
(Reference 20) to estimate the amplitude, time and spatial dependency of the steady state and transient 
hydraulic and structural responses to be encountered during precritical testing. The PVMP for Maine 
Yankee has been completed successfully (Reference 21). The Fort Calhoun PVMP testing is complete. 
Reduction and analysis of the data is near completion. 
 
The suitability of using PVMP data from Maine Yankee and Fort Calhoun programs as a composite 
prototype is based on the following: 

a) C-E has provided predictive methodology and predicted limiting values of responses (acceptance 
criteria) for the Maine Yankee and Fort Calhoun prototype PVMPs (References 19 and 20, 
respectively). 

b) The Maine Yankee and Fort Calhoun PVMP tests were completed successfully. The Maine Yankee 
results demonstrate the structural adequacy of the reactor internals for all normal, steady state and 
transient flow modes of reactor coolant pump operation. Fort Calhoun data is presently being 
analyzed. 

c) Instrumentation to measure or derive forcing functions was included in the Maine Yankee and Fort 
Calhoun prototype reactor PVMPs in accordance with Regulatory Guide 1.20. 

 The hydraulic forcing function prediction method has been verified by measurements on the Maine 
Yankee prototype PVMP (Reference 21). 

d) The vibration test data, together with appropriate analyses, permit the assessment of those design 
differences which exist between Maine Yankee, Fort Calhoun and St. Lucie reactor internals, with 
respect to vibrational response characteristics. 
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Presented in Table 3.9-2 is a summary of the significant hydraulic and structural design parameters for 
each of the three reactor designs. St. Lucie is similar to Maine Yankee in structural size and component 
design, but differs from Maine Yankee in that it has top, rather than bottom mounted instrumentation, and 
is of two, rather than three loop design. St. Lucie has a minimum design flow rate identical to Maine 
Yankee, with other hydraulic parameters being similar (see Table 3.9-2). St. Lucie is similar to Fort 
Calhoun in that they are both of two loop design, with top mounted instrumentation. Fort Calhoun is 
smaller than St. Lucie and has a lower minimum design flow rate. 
 
The effect of the aforementioned structural differences and normal design tolerances on the free vibration 
response of the reactor internals is, in general, small. The largest of the differences in natural frequencies 
occur for St. Lucie and Maine Yankee, in comparison with Fort Calhoun, which because of its smaller 
structure is stiffer, resulting in somewhat higher natural frequencies. 
 
There is some significance to the differences in natural frequencies that do exist. Because of the 
circumferential positioning of the inlet and outlet nozzles, the two loop St. Lucie and Fort Calhoun 
systems would tend, with all four pumps operating, to an n = 2 circumferential mode, whereas Maine 
Yankee with three symmetrically spaced inlet nozzles would tend to an n = 3 mode configuration during 
normal operation. The dominant periodic excitation frequency in this frequency range is the pump 
rotational speed. Comparison of this excitation frequency to the appropriate natural frequencies, shows 
that St. Lucie can be expected to have the lowest dynamic, steady state magnification factor relative to 
excitation at the pump rotational speed. 
 
In developing the analytical forcing functions for any number of reactor coolant pumps operating, it is 
assumed in the normal operating prediction analyses that it is possible to superpose the effect of one 
pump operating to obtain any multi-pump forcing function. During the Maine Yankee PVMP an 
investigation was made to ascertain the accuracy of the superposition procedure. Data obtained from 
single loop operation were combined to predict multiple loop pressures at various transducer locations. 
These values were compared with the actual measurements. The results indicate an average variation 
from perfect correlation of less that 25 percent. The majority of the predicted values exceeded the 
measured values, indicating conservatism in the estimates. 
 
Based upon the above, it is seen that the "building block" approach is an acceptable procedure for 
developing multi-pump hydraulic forcing functions. Therefore, insofar as St. Lucie differs from Maine 
Yankee in number of loops, there will be no loss of accuracy in the prediction of the hydraulic forcing 
functions. 
 
The Maine Yankee PVMP was conducted in accordance with Regulatory Guide 1.20 requirements for 
vibration monitoring of reactor internals of a prototype plant. The PVMP provided confirmation, based 
upon experimental evidence, that the hydraulic excitations and structural responses of the Maine Yankee 
reactor internals are within design estimates and are acceptable for all normal steady state and transient 
flow modes of reactor coolant pump operation. To accomplish this, the Maine Yankee PVMP provided 
measurements of the magnitude of core support barrel and thermal shield structural vibrations and 
hydraulic pressure fluctuations during various modes of reactor operation. 
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The Maine Yankee experimental program incorporated the use of internal and external accelerometers, 
pressure transducers, strain gauges, and scratch gauges, which permitted the recording at specific 
locations of time-dependent accelerations, pressures, strains, and maximum relative displacements.  
Measurements were made during functional testing on June 20-21, 1973 (hot pre-core), October 11, 1972 
(cold pre-core), and October 17-18, 1972 (hot pre-core).  The functional tests were of sufficient duration 
to assure satisfaction of the Regulatory Guide 1.20 requirement that critical components be subjected to a 
minimum of 107 cycles of vibration. 
 
The Maine Yankee PVMP included a visual inspection program, with photographic documentation.  
Interface (and potential interface) surfaces of core support barrel, upper guide structure, core shroud, 
instrumentation nozzles, thermal shield supports, and reactor vessel were inspected to establish visually 
the condition of these components before and after functional testing. 
 
The Maine Yankee PVMP also included an impact calibration test to correlate the response of those 
accelerometers externally mounted on the reactor pressure vessel with impulsive loads applied to the 
reactor vessel snubbers. 
 
As part of the Maine Yankee vibration monitoring program, a theoretical analysis was performed to 
estimate the amplitude, time, and spatial dependency of the steady state and transient hydraulic forcing 
functions to be encountered during precritical testing.  These forcing functions were used to determine 
analytically the dynamic response of the core support barrel, thermal shield system.  The results of this 
analytical investigation were issued in a prediction report (Reference 19), which was submitted to the 
Commission on the Maine Yankee Docket, prior to initiation of the vibration monitoring program.  Included 
in this prediction report were theoretical estimates of the forcing functions and associated structural 
responses, as well as definition of the PVMP design and test acceptance criteria, permissible deviations 
from the criteria and the bases upon which the criteria were established. 
 
The final report of the Maine Yankee PVMP (Reference 21) summarizes the results of the experimental 
PVMP investigation, which includes functional and impact calibration testing, and the inspection program.  
In addition, this report summarizes a comparison of the experimental measurements with the analytically 
predicted responses and excitations, and presents an evaluation of the PVMP results with respect to 
design and test acceptance criteria. 
 
From the Maine Yankee PVMP, it is concluded that; 

a) Flow-induced vibrations of the Maine Yankee reactor internals are well within design allowable and 
are acceptable for all normal, steady state and transient flow modes of reactor coolant pump 
operation. 

b) The theoretical prediction methods used provide conservative estimates of the total steady state 
and transient structural responses of the core support barrel, thermal shield system. 
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In accordance with Regulatory Guide 1.20, a test program of precritical vibration measurement and 
inspection of the Fort Calhoun reactor internals was developed for the purpose of demonstrating by test 
the acceptability of the reactor internals design for flow-induced vibrations under normal operating 
conditions.  In the Fort Calhoun test program, a system of sensors consisting of pressure transducers, 
strain gauges and accelerometers was mounted on the core support barrel thermal shield system.  A 
complementary analysis of the flow-induced vibration of the system under normal operating conditions 
was also performed.  The methods of analysis used to predict the hydraulic forcing functions and the 
resulting vibratory response together with the results of that analysis, are presented in Reference 20. 
 
Measurements were successfully made during functional testing on January 27, 1973 (cold pre-core), 
February 1, 1973 (hot pre-core) June 29, 1973 (cold post-core), August 5-6, 1973 (hot post-core).  
Analysis of the data is near completion. 
 
Based upon the successful conclusion of the Maine Yankee PVMP and the current success of the Fort 
Calhoun PVMP, FP&L is proceeding to implement a PVMP for St. Lucie Unit 1 in accordance with the 
requirements of Regulatory Guide 1.20 as it relates to non prototype units. 
 
In accordance with Regulatory Guide 1.20 requirements for a non prototype plant, the following testing 
and inspections will be performed for St. Lucie. 
 

a) The reactor internals important to safety will be subjected during the preoperational functional 
testing program to all significant flow modes of normal reactor operation and under the same test 
conditions conducted on the Fort Calhoun, and Maine Yankee prototype designs. 

 The test duration will be at least as long as it was for Fort Calhoun, and Maine Yankee. 

b) Following completion of the preoperational functional tests, the reactor internals will be removed 
from the reactor vessel and visual and nondestructive examination of the reactor internals will be 
conducted.  The areas examined will include: 

1) All major load-bearing elements of the reactor internals relied upon to retain the core 
structure in place. 

2) The lateral, vertical and torsional restraints provided within the vessel. 

3) Those locking and bolting devices whose failure could adversely affect the structural 
integrity of the internals. 

4) Those other locations on the reactor internal components which were examined on the 
Fort Calhoun and Maine Yankee designs. 
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5) The interior of the reactor vessel for evidence of loose parts or foreign material. 
 
A summary of the PVMP inspection and test program described above will be submitted to the 
Commission in report form. 
 
The structural adequacy of the St. Lucie reactor internals will be demonstrated for normal steady state 
and transient flow modes of operation by the flow induced vibration analysis performed for it, in 
conjunction with the analytical and experimental results of the combined prototype precritical vibration 
monitoring programs performed for Maine Yankee and Fort Calhoun, and the non-prototype testing 
program for St. Lucie. 
 
Due to the basic differences in the nature of the loading and response of the reactor internals under 
LOCA conditions as compared to flow induced vibrations during normal operation.  The correlation of the 
measured results during preoperational vibration testing with the LOCA structural analyses and 
mathematical models is minimal. 
 
During normal, operation tide vibratory response of the internals is characterized as a combination of 
random and steady forced response resulting from relatively low level random and deterministic pressure 
fluctuations in the coolant.  The random pressure fluctuations arise from flow turbulence.  The 
deterministic pressure fluctuations are pump related with dominant excitation frequencies at the pump 
rotational and blade passing frequencies and their harmonics. 
 
During LOCA conditions the vibratory response is characterized as transient response resulting from 
rapidly varying high level pressure loading. 
 
A feature common to both the LOCA and normal operating condition vibration analyses of the core 
support barrel system is the use of the modal superposition method requiring calculation of the CSB shell 
frequencies and mode shapes.  However, preoperational vibration testing results to date have shown no 
significant or clearly identifiable response of the CSB system attributable to structural resonances.  The 
results have shown that the significant responses occur at the deterministic pump related frequencies. 
 
The ability of the LOCA mathematical models to represent vibrations is discussed and justified in Section 
3.9.1.4 and reference 18. 
 
The dynamic analysis methods used to evaluate LOCA effects on the reactor internals are described in 
reference 18.  The seismic time history input used in the reference was that for the St. Lucie reactor 
internals.  The method by which the seismic input excitation was obtained is discussed in Section 9.3.1 of 
references 18 and "Answers to Questions concerning CENPD-45 and CENPD-55." These are 
memorandums from C. L. Storrs, of Combustion Engineering to R. C. Young, of the AEC dated December 
18, 1972.  The summary of the analytical results for combined LOCA and seismic loads are presented in 
Tables 10.2, 10.3 and 10.4 of Reference 18. 
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3.9.1.3.1 Reactor Internals Vibration Monitoring (IVM) System (historical) 
 
The reactor internals vibration monitor was a computer based system specifically designed to provide the 
operator with data on the status of the extent and character of core/core barrel motion. 
 
The IVM system accepted isolated inputs from the excore linear channels and interpreted the stochastic 
responses in terms of internals motion by analyzing the attentuation noise. 
 
The original requirement for the Reactor Internals Vibration Monitoring System stemmed from a design 
problem with the core barrel hold-down ring at several early vintage Combustion Engineering plants.  For 
St. Lucie Unit 1 the hold-down ring was redesigned to provide additional force to hold the core barrel in 
place.  In addition, the IVM System was installed and a surveillance program to monitor core barrel 
movement was implemented in the Technical Specifications.  As originally anticipated in the Basis 
Section, the core barrel movement monitoring program was removed from the Technical Specifications 
(via Amendment #80) after several cycles of IVM data demonstrated that the redesign of the hold-down 
ring had been successful in preventing excessive core barrel movement.  The IVM System was 
subsequently deleted since the function previously provided by this system was no longer needed. 
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3.9.1.4 Loss-of-Coolant Accident Blowdown Analysis 
 
3.9.1.4.1 Analytical Method 
 
ASHSD(l) is a structural finite-element computer code developed at the University of California, Berkeley, 
and supported in part by the National Science Foundation.  It performs dynamic analyses of complex 
axisymmetric structures subjected to arbitrary dynamic loadings or base accelerations.  The frequencies 
of free vibrations as calculated by ASHSD compare well to those calculated by the equations of 
Hermann-Mirshy and Flu&& gge (3) (4), respectively.  The authors also make comparisons with available 
experimental results,(5) of free vibrations of cylindrical shells.  The resulting comparison is good.  
Comparison of the numerical solution,(6) of the dynamic response of a shell to suddenly applied loads and 
the finite-element (ASHSD) solution of the same problem are in good agreement. (1) The response of a 
shell to a moving axisymmetric pressure load was evaluated by ASHSD and analytically, (7) with the 
results being in good agreement. 
 
SAMMSOR-DYNASOR(8) is a finite-element computer code developed at Texas A&M University and 
supported in part by a NASA grant from the Manned Spacecraft Center, Houston, Texas.  This code has 
the capability of determining the non-linear dynamic response of axisymmetric shells subjected to 
arbitrary dynamic loads.  Asymmetrical dynamic buckling can be investigated using this program.  The 
program has been extensively tested, using problems the solutions to which have been reported by other 
researchers, in order to establish the validity of the codes.  Among these are a shallow shell with 
axisymmetric loading as described in Reference 9. Identical results are obtained with those of Reference 
10 for the analytical evaluation of blast loadings on a cylindrical shell.  Calculations made by SAMMSOR-
DYNASOR for the symmetric buckling of a shallow spherical cap is in good agreement with the analyses 
of References 11 and 12 and the experimental data of References 13 and 14. 
 
SABOR-5 - DRASTIC(15) is a structural finite-element computer code developed at the Aeroelastic and 
Structures Research Laboratory, Department of Aeronautics at the Massachusetts Institute of 
Technology.  The work was administered by the Air Force Systems Command with technical monitoring 
by the Aerospace Corp. SABOR 5 - DRASTIC is the end result of combining a finite-difference solution 
procedure and a finite-element program to permit predicting the transient response of complex shells of 
revolution which are subjected to arbitrary transient loadings.  Comparisons with reliable independent 
analytical predictions (notably finite-difference transient response solutions submitted by AVCO) confirm 
the accuracy and reliability of the SABOR 5 - DRASTIC dynamic response predictions.  An experiment 
and accompanying analysis were performed by the Aerospace Corp., (l6) to verify the ability of the code to 
account for a complex geometry shell of revolution subjected to transient asymmetric loads.  Loads were 
applied by means of well defined explosive charges.  Based upon the results of dynamic strain 
measurements made on the test structure, it is evident that the SABOR 5 - DRASTIC code is capable of 
solving complex dynamic shell structure problems successfully. 
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In developing the above finite-element computer codes,   (i.e., ASHSD, SAMMSOR/DYNASOR,       
SABOR 5 - DRASTIC) the authors have independently verified their codes with respect to the results of 
other established structural programs, classical solutions and where possible to experimental data.  The 
correlations demonstrate that the above programs are capable of solving complex dynamic shell structure 
problems successfully and that the finite-element method of modeling provides accurate representation of 
the structural phenomena.  The SABOR 5 DRASTIC code, which has had extensive and successful 
analytical and experimental correlation(16) for transient (explosive) asymmetric loading, was used to 
analyze a core support barrel structure with short term loading.  The results of this well-verified program 
are identical to those of the finite-element codes ASHSD and SAMMSOR /DYNASOR (which are used in 
the LOCA analysis) for the same core support barrel problem, demonstrating the ability of these programs 
to adequately represent and evaluate the effect of a transient load on an axisymmetric structure like the 
core support barrel. 
 
3.9.1.4.2 Reactor Coolant System 
 
The major components are designed to withstand the forces associated with postulated pipe ruptures, in 
combination with the forces associated with the Design Basis Earthquake and normal operating 
conditions. 
 
The structural integrity of the reactor coolant system under LOCA loadings is confirmed using a static 
flexibility analysis in conjunction with a dynamic load factor. 
 
The thrust loads developed by both guillotine and slot ruptures are applied to the reactor coolant system 
at those locations which, from previous analytical experience, impose the largest loading on components 
and/or supports. 
 
The thrust force from guillotine ruptures is directed axially along the pipe.  The thrust force from slot 
ruptures is directed radial to the ruptured pipe; the radial directions for slot ruptures at each location 
chosen are those which impose the largest loading on components and/or 
supports. 
 
The magnitude of the thrust forces for guillotine and slot ruptures used in conjunction with the flexibility 
analysis is PN.O. x Ap ,where PN.O. is the reactor coolant system pressure at normal operating conditions 
and Ap is the internal cross sectional area of the pipe.  
 
Detailed thrust calculation from blowdown data generated by an approved LOCA code show the use of 
PN.O. x Ap for the thrust force to be conservative.  A dynamic load factor of 2 is applied to the thrust force 
to account for the dynamic response of the support system. 
 
The mathematical model used in the flexibility analysis of the reactor coolant system is shown on Figure 
3.9-1. 
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3.9.1.4.3 Reactor Internals 
 
A dynamic analysis C-E proprietary topical report CENPD-42, has been performed to determine the 
structural response of the reactor vessel internals to the transient LOCA loading.  The analysis 
determined the shell, beam and rigid body motions of the internals using established computerized 
structural response analyses.  The finite-element computer code, ASHSD(1) was used to calculate the 
time-dependent beam and shell response of the core support barrel and thermal shield system to the 
transient LOCA loading.  The finite-element computer code SAMMSOR-DYNASOR(4) was used to 
evaluate the core support barrel's potential for buckling when loaded by a net external radial pressure 
resulting from an outlet line break.  The structural response of the reactor internals to vertical and 
transverse loads resulting from inlet and outlet breaks, was determined using the spring-mass computer 
code, SHOCK(2). 
 
The time and space dependent pressure loads used in the above analysis were the result of a hydraulic 
blowdown analysis.  The pressure fluctuations were determined for each node in the hydraulic model for 
inlet and outlet line breaks.  The pressure time histories at these nodal locations were then decomposed 
into the Fourier harmonics which define the circumferential pressure distribution at the nodal elevations. 
Where the hydraulic model nodes did not correspond to those of the structural model, the hydraulic model 
pressure components were interpolated to provide the required loading information. 
 
The finite-element computer code, ASHSD, was used to calculate the dynamic response of the core 
support barrel and thermal shield to transient LOCA loading resulting from an inlet break.  To employ the 
ASHSD code, the core support barrel and thermal shield were modeled as a series of conical shell 
frustrums (elements) joined at their nodal point circles.  Applying Hamilton's variational principle to the 
conical shell elements a damped equation of motion was formulated for each degree of freedom of the 
system.  Four degrees of freedom;-- radial displacement, circumferential displacement, vertical 
displacement and meridional  rotation---were taken into account in the analysis, giving rise to coupled 
modes.  The differential equations of motions were solved numerically using a step integration procedure.  
To insure computational stability of the numerical solution, the integration time step was chosen such that 
it is small compared to the shortest period of the finite-element system.  The  model developed for the 
core support barrel, thermal shield system is shown in Figure 3.9-2. The length of each element, 
throughout the analytical model, was a fraction of the shell decay length.  Since rapid changes in the 
stress pattern occur in regions of structural discontinuity, the nodal point circles were more closely spaced 
in such regions.  The finite-element model of the core support barrel, thermal shield system included 
representation of the core support barrel upper and lower flanges, sections of different wall thickness, and 
thermal shield support lugs and jackscrews.  Elements with orthotropic material properties were utilized to 
provide equivalent axisymmetric models of the structural stiffness and constraints to relative motion 
between the core support 
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barrel and thermal shield provided by the thermal shield support lugs and jackscrews.  Those modes 
which reflect the mass of the lower support structure, core shroud and fuel were simulated by the addition 
of concentrated masses at specific nodes in the core support barrel flange finite element model. 
 
In performing the dynamic analysis of the core support barrel, thermal shield system, the transient load 
harmonics were applied in two successive phases to account for time-dependent boundary conditions at 
the snubbers.  The first phase used those harmonics which excite the beam modes, whereas the second 
phase used those harmonics which excite the shell modes.  During the first phase, the lower end of the 
core support barrel was unrestrained.  Within a very few milliseconds, the clearance between the core 
support barrel and reactor vessel snubbers was closed and for the remainder of the LOCA transient, the 
core support barrel was restrained radially at the snubber level.  Transient responses were computed 
throughout each loading phase. 
 
The ASHSD code computed the nodal point displacement, resultant shell forces, shell stresses and 
maximum principle stresses as functions of time.  The maximum principle stresses at the internal and 
external surfaces of the core support barrel and thermal shield were determined from the bending and 
membrane components during each phase of transient loading.  Stress intensity levels calculated from 
the principle stresses were combined with normal operating and seismic induced stresses for comparison 
with design criteria specified in Section 4.2.2. 
 
Accurate representation and analysis of the core support barrel and thermal shield shell structures was 
obtained through use of the finite element code ASHSD.  Accurate representation of the remainder of the 
internals (i.e., fuel, core shroud, control element assemblies, upper guide structure and lower support 
structure) was obtained using the SHOCK code.(17)  
 
The SHOCK code determines the response of structures which are represented as lumped mass systems 
and subjected to arbitrary loading functions.  The code solves the differential equations of motion for each 
mass by a numerical step integration procedure.  The lumped mass model can represent a vertically or 
laterally responding system subject to arbitrary loading functions and initial conditions.  Options are 
available for describing steady state loads, preloads, input accelerations, linear and non-linear springs 
(including tension and compression only springs) gaps, and  structural and viscous damping. 
 
The reactor internals models are developed in terms of a spring mass system for both vertical and lateral 
directions; see Figures 3.9-3 and 3.9-4. For both models, the spring rates were generally evaluated using 
strength of material techniques.  However, in complex areas such as at the core support barrel flanges 
and upper guide structure support flange, the stiffness was derived from finite element model analyses.  
The lumped-mass weights were generally based upon the mass distribution of the uniform support 
structures, but included at appropriate nodes, 
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local masses such as snubber blocks, fuel assembly end fittings, thermal shield lugs, etc.  The net result 
was a lumped-mass system having the same distribution of mass as the actual structure.  To simulate the 
effect associated with the internals oscillating laterally in the water filled vessel, a distributed virtual mass 
was calculated based upon the procedure outlined in Reference 3 (which includes the annulus effect) and 
was added to the structural lumped-mass system, to provide an analytical model with a dynamic 
response quantitatively similar to the actual internals.  In the case of the vertical model, the hydraulic 
effect is notably one of reducing the effective weight of the reactor internals and this effect was included 
in the structural lumped-mass system. 
 
The SHOCK code provided excellent facility for modeling clearances, preloads and component interfaces.  
In the lateral model, the core support barrel, reactor vessel snubber clearance was simulated by a non-
linear spring which accounted for the increased resistance to core support barrel motion when snubbing 
occurred.  In the vertical model, non-linear springs in the form of compression only springs, were used 
extensively to simulate preload and interface conditions, such as exist between the upper guide structure 
support plate and core support barrel upper flange; at the fuel hold-down spring; at the fuel, core support 
plate interface and at the core shroud, core support plate interface.  Tension springs were used to 
simulate the effect of the core shroud tie rods. 
 
In both the vertical and lateral SHOCK models damping was varied throughout the system to simulate 
structural and hydraulic frictional effects within the reactor internals.  The effect of hydraulic drag in the 
vertical model was simulated by a force-time history applied to the fuel assembly lower end-fitting.  
Vertical loads were used directly from the detailed hydraulic analysis, whereas lateral loads were 
obtained by integrating those harmonics which excite the beam modes to obtain the net lateral load on 
the core support barrel, thermal shield system. 
 
The SHOCK code calculated the vertical and lateral response of the system in terms of displacements, 
velocities and accelerations and internal force, moments and shears as related to each model.  These 
quantities were sufficient to permit calculation of membrane and where appropriate bending stresses for 
comparison with criteria specified in Section 4.2.2. 
 
The finite-element code SAMMSOR-DYNASOR was used to determine the dynamic response of the core 
support barrel, with initially imperfect geometry, to a net external radial pressure resulting from an outlet 
line break.  The above analysis has the capability of determining the non-linear dynamic response of 
axisymetric shells with initial imperfections subjected to arbitrarily varying load configurations. 
 
Since SAMMSOR-DYNASOR is a finite-element program, a model was developed, Figure 3.9-5, of the 
core support barrel using axisymmetric finite-elements 
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similar to those used for the ASHSD analysis.  As was for the ASHSD model, the SAMMSOR-DYNASOR 
finite-element lengths were considerably less than the decay length of the core support barrel.  The 
boundary condition at the core support barrel flange was considered fixed, whereas at the core support 
barrel lower flange radial displacements were restrained.  These boundary conditions represented the 
restraint due to the expansion compensating ring and pressure vessel head at the top and the snubbers 
and lower support structure at the bottom.  For conservatism, the stiffening effects of the fuel alignment 
plate, core shroud and core support plate were neglected. 
 
Since the basic phenomenon in buckling is non-linear instability, the initial deviation of the structure from 
a perfect geometry greatly effects its response.  The initial imperfection was applied to the core support 
barrel by means of a pseudo-load so developed to provide the maximum imperfection over each of the 
desired number of circumferential harmonics.  The actual transient loading in terms of its harmonics was 
applied to the initially "imperfect" geometry core support barrel and the response obtained for each of the 
imperfection harmonics for the combined loading harmonics. 
 
The input to the reactor internals pipe break analysis is the reactor coolant system LOCA analysis and 
blow-down loads, which were not revised for EPU conditions.  Therefore, the reactor internals are not re-
analyzed for LOCA events, as the pre-EPU analysis remains applicable for EPU. 
 
3.9.1.5 Stress Analysis Methods 
 
The system or subsystem analysis used to establish, or confirm, loads specified for the design of reactor 
coolant system components and supports was performed on an elastic static basis using a dynamic load 
factor of 2 as described in Section 3.9.1.4. The analysis on the reactor vessel internals is based on the 
criteria discussed in Section 4.2.2. The analysis used for the reactor coolant system design is discussed 
in Section 5.2.1. In the design approach, based upon the results of analysis obtained for the preliminary 
design, the system was modified by changing support stiffness and adding restraints as required to 
control resonance conditions and to maintain the response of the system appropriately within the elastic 
range.  Elastic stress analysis methods were also used in the design calculations to evaluate the effects 
of the loads on the components and supports. 
 
Dynamic analysis as described in Sections 3.7.3 and 3.9.1 is performed to verify that the stresses are 
within limits specified by the applicable code requirements.  Allowable stresses for Code Class 1, 2 and 3 
components are given in Table 3.9-3. 
 
C-E, "Final Report-Dynamic Seismic Analysis Of The Reactor Coolant System Components for Florida 
Power And Light Company, St. Lucie Plant Unit 1," dated October 1972, describes the modeling methods, 
computer codes used and the results of the analysis which show that all calculated loads produced by 
seismic excitation are less than specified for component design.  These results include typical diagrams 
of models used in the analysis and the reactor coolant unbroken loop piping under simultaneous LOCA 
and DBE loads. 
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3.9.1.6 Stress Analysis Results For Repaired Core Support Barrel 
 
After repair of the Core Support Barrel and removal of the Thermal Shield in 1983, a stress analysis was 
performed to verify acceptability of repairs. 
 
The analysis was performed for the region of the core support barrel at the thermal shield lug elevation.  
The conservative assumption was made that at each of the lug regions the maximum length of lateral 
crack was circumferential and in the same horizontal plane as the cracks in the other lugs.  The point of 
maximum stress in the region was then established by determining the axis in the plane about which the 
moment of inertia of the cylindrical section in combination with the load resulted in the maximum stress.  
The fatigue analysis was performed utilizing the stress concentration factors resulting from the crack 
arrestor hole size analysis. The design fatigue curves used in the analysis are the more conservative 
fatigue curves published in the Winter 1982 Addenda to Section III, Appendix I, Figures I-9.2.1 and I-
9.2.2. 
 
In addition to the Code Analysis, a confirmatory stress analysis of the core support barrel was performed 
using sophisticated finite element techniques.  Overall effects and local effects of cracks in the core 
support barrel were evaluated by comparing stress distributions to those of an uncracked barrel.  The 
conclusion of the confirmatory analysis was that the analysis considering the horizontal crack length in 
the same horizontal plane was conservative. 
 
A summary of the Code Analysis results is shown in Table 3.9-3b. 
 
An evaluation of the cracks in the core support barrel on the basis of fracture mechanics considerations 
was performed.  After discussion with consultants on fracture mechanics it was concluded that insufficient  
data for the barrel material in a pressurized water reactor environment for  service in excess of 1011 
cycles was available.  Because of the lack of materials data and the length of cracks in the core support 
barrel extremely conservative assumptions would have had to be made.  The decision was made to use 
crack arrestor holes sized to reduce stress concentrations to magnitudes compatible with the ASME code 
fatigue limitations. 
 
The stress concentration factors for a crack with a crack arrestor hole at each end were calculated using 
available theoretical solutions of stress distributions in plates with openings. (23) The adequacy of the 
solutions was verified through comparisons with finite element analyses of typical crack geometries and 
loading conditions. 
 
The "equivalent ellipse" concept is useful in calculating stress concentration factors for a crack with crack 
arrestor holes at each end. For an elliptical hole in an infinite plate in tension, the stress concentration 
factor, Kt, is given by: 
 
  
  
 
Where: b = major length of elliptical hole  
 r = minimum radius of elliptical hole  
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Core support barrel temperature is also an important consideration in the integrity analysis since 
temperatures give rise to thermal stresses that must be considered in the core support barrel analysis. 
 
A three-dimensional ANSYS finite element model was used to determine temperatures for evaluation of 
core support barrel integrity.  The thermal analysis was performed with appropriate heat generation rates, 
bulk fluid temperatures and heat transfer film coefficients to obtain the temperature distribution in the core 
support barrel. 
 
The energy deposition heating rate was based on a reactor operating power of 3020 MWt with spatial 
core power distributions designed to produce conservative results for components in radial locations 
outboard of the reactor core, such as the core support barrel, with a 15% analytical uncertainty allowance. 
 
The core support barrel heating rate calculations were completed using the TORT (three-dimensional) 
discrete ordinates codes from the DOORS 3.2 Code Package.  This suite of codes has been used to 
support numerous pressure vessel fluence evaluations and is accepted by the Nuclear Regulatory 
Commission (NRC) for deterministic particle transport calculations.  The transport cross-sections used in 
the calculations were taken from the BUGLE-96 coupled neutron/photon cross-section library that was 
generated specifically for Light Water Reactor (LWR) applications. 
 
Stresses based on the results of the thermal analysis for EPU conditions have been used in the core 
support barrel fatigue analysis and provided acceptable results. 
 
3.9.1.7 Program for Monitoring of Thinning of Pipe Walls of High Energy Carbon Steel Piping 
  
In response to the feedwater pipe rupture event at the Surry Plant and the issuance of IE Notice 86- 106 
and IE Bulletin 87-01, a program for monitoring pipe wall thinning in carbon steel piping due to  
erosion/corrosion has been developed. Generally, piping wall thicknesses are monitored to ensure       
that code requirements for wall thickness are satisfied. The program includes all moderate and high  
energy piping systems, both nuclear safety related and non-nuclear safety related.  
  
Inspection locations are established in accordance with accepted industry methods such as those  
provided by EPRI for single and two phase systems. Within specific piping systems, locations for  
inspections are selected based upon such factors as fluid velocity, temperature, moisture content (for  
steam), chemistry, material composition, and piping geometry. Areas which are subjected to flow  
disturbances such as elbows, branch connections and piping and fittings downstream of control  valves or 
flow orifices are preferred locations for inspections.  
  
The program is designed to first inspect the most likely points for erosion/corrosion and to collect  
"baseline" data on other locations, with program expansion required if wall thinning in any location  was 
more severe than anticipated.  Frequency of inspection is based upon the rate of erosion /corrosion.  
Each operating cycle, inspection data is reviewed to determine which locations, based upon measured 
maximum erosion/corrosion rates, may be approaching code minimum wall  thickness values.  
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The method of examination is selected based upon the ability to accurately provide a profile of wall 
thickness readings over the entire area of the piping or fitting expected to experience significant 
erosion/corrosion. In general, ultrasonic devices have been used for this purpose. 
 
Decisions to take corrective action for piping and fittings which have suffered erosion/corrosion damage 
are based upon the ability of the piping or fitting to satisfy code minimum wall thickness requirements 
during the subsequent operating cycle. If the lowest wall thickness reading in a piping section less the 
erosion/corrosion expected during the subsequent operating cycle is less than the minimum value 
required by the applicable code, the piping section must be repaired or replaced. 
 
The NRC, in Reference 29 confirms that the implemented erosion/corrosion program meets the  
requirements of Generic Letter 89-08.  
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3.9.2  ASME CODE CLASS II AND III COMPONENTS 
 
3.9.2.1 Design Conditions 
 
The design pressure, temperature and other conditions that were considered in the design of each 
system containing Code Class 2 or 3 mechanical components are listed in Table 3.9-4. 
 
3.9.2.2 Design Loading Combinations 
 
The design loading combinations considered in the component design are: normal (operating design) 
pressure, temperature and thrust loads combined with seismic, hurricane or tornado loads. Seismic loads 
and hurricane and tornado loads are not assumed to act concurrently. The design loading conditions are 
categorized as design, normal, upset, emergency, and faulted. The stress limits associated with each of 
the design loadings categories Code Class 2 or 3 components are given in Table 3.9-3A, and for piping in 
Table 3.9-3. 
 
The forces and moments acting on any component in the piping system are supplied to the manufacturer 
so that it can be insured that the component will function under the applied loads 
 
Loads resulting from transients appropriate to specified plant operating conditions have been considered 
and accommodated by design. These conditions have been analyzed in accordance with applicable code 
requirements as an independent case. The transient operating conditions accounted for in the design of 
the reactor coolant pressure boundary (NSS vendor's scope) is provided in Section 5.2.1.2. Cyclic loading 
considerations for equipment outside the NSS vendor's scope is discussed below. 
 
The ASME code does not require cyclic analyses for Class 2 and 3 components. Equipment 
specifications for pumps specify "maximum" moments and forces at the pump nozzles. These maximum 
moments and forces envelop operating transient loading conditions appropriate for the component. (See 
Table 3.9-3A footnote 2). For Class 2 and 3 piping the dynamic conditions resulting from fast valve 
closure and relief valve operation are analyzed as shown in loading combination 3 of Table 3.9-3. These 
dynamic conditions envelop the operating transients. 
 
For Class I piping and fitting assemblies, fatigue analysis has been performed to ensure the usage factor 
is adequate for the 60-year design life. The applicable transients have been assigned operating condition 
categories, normal (N), upset (U), test(T), emergency (E), or faulted (F). Cyclic loading combinations 
considered for Class I piping and assemblies include: 
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Lines Associated with Pressurizer (For Pressurizer transients see Ref. 31) 
 

Operating 
Condition    Lifetime 
Category  Condition  Occurrences 

N Pressurizer Heatup 500 
N Pressurizer Cooldown 500 
N Plant Loading - 5%/min 15,000 
N Plant Unloading - 5%/min 15,000 
N 10% Step Load Increase 2,000 
N 10% Step Load Decrease 2,000 
U Reactor Trip 400 
T Hydrostatic Test, 3125 psia, 100 - 400 F 10 
T Leak Test 2250 psia, 100 - 400 F 200 
N Normal Pressure Variations ±100 psi, ±7 F 106 
U Loss of Primary System Flow 40 
E Loss of Secondary Pressure 5 
U Loss of Turbine-Generator Load 40 

 
Pressurizer relief valve piping will be subject to the above conditions at the pressurizer nozzle. In addition, 
the piping will be subject to 40 cycles of steam flow per a specified transient which is categorized as an 
"Upset" operating condition. 
  
With the temperature of the pressurizer and spray nozzle of 440 F and the pressure at 250 psig, cold 
spray water at 40 F may be introduced at the rate of 133 gpm. This transient will occur a maximum of 500 
times during the lifetime of the plant. 
  
During plant cooldown auxiliary spray piping I-2RC-149 and I-2-CH-146 will be subjected to 500 lifetime 
occurrences of the following temperature transient: 
a) Cooldown from 532 F to 300 F at 75 F/hr - No flow 
b) Cooldown from 300 F to 120 F in 1.5 seconds - 0 to 44 gpm 
c) Depressurize and collapse bubble 120 F,> 1 hr - 44 gpm 
 
This operating condition is categorized as "normal". 
 
In addition to the above, the auxiliary spray piping will also be subjected to 16 occurrences of cooldown 
with system loss of flow as follows: 
a) Gradual heatup from 532 F to 650 F in 8 hrs - no flow 
b) Cooldown from 650 F to 120 F in 1.5 seconds - 0 to 44 gpm 
c) Depressurize to 1600 psia 120 F,> 1 hr - 44 gpm 
d) Gradual heatup to 604 F - No flow 
e) Depressurize from 604 F to 120 F in 1.5 seconds - 0 to 44 gpm 
 
This condition is categorized as "upset". 
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In addition to the transients described above, the surge nozzle will also be subjected to the following 
transients as a result of thermal stratification in the surge line: 
   
 Lifetime 
 Condition  Occurrences 
Heatup, ΔT = 340°F, Low Pressure 75 
Heatup, ΔT = 340°F, High Pressure 75 
Heatup, ΔT = 250°F, Low Pressure 375 
Heatup, ΔT = 250°F, High Pressure 375 
Heatup, ΔT = 200°F, Low Pressure 400 
Heatup, ΔT = 200°F, High Pressure 400 
Heatup, ΔT = 150°F, Low Pressure 500 
Heatup, ΔT = 150°F, High Pressure 500 
Heatup, ΔT = 90°F, Hot Standby 87710 
Cooldown, ΔT = 340°F, Low Pressure 75 
Cooldown, ΔT = 340°F, High Pressure 75 
Cooldown, ΔT = 250°F, Low Pressure 375 
Cooldown, ΔT = 250°F, High Pressure 375 
Cooldown, ΔT = 200°F, Low Pressure 400 
Cooldown, ΔT = 200°F, High Pressure 400 
Cooldown, ΔT = 150°F, Low Pressure 500 
Cooldown, ΔT = 150°F, High Pressure 500 
Cooldown, ΔT = 90°F, Hot Standby 87710 
 
Surge line thermal stratification was evaluated by the CE Owners Group (CEOG).  The data above comes 
from that analysis.  ΔT is defined as being Pressurizer Temperature minus RCS Hot Leg Temperature.  
Low pressure is defined as 410 psia and high pressure is defined as 2,250 psia. Starting temperatures for 
the low pressure transients are 440°F for the pressurizer and 100F for the RCS hot leg (ΔT = 340°F).  
Starting temperatures for the high pressure transients are 653°F for the pressurizer and 313°F for the 
RCS hot leg (ΔT = 340°F).  Changes in surge line temperature were evaluated to assess the impact of 
thermal stratification on the surge line to demonstrate that it meets the applicable design codes and other 
Final Safety Analysis Report and regulatory commitments for the design life of the plant. 
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Lines Associated with Steam Generator (For Steam Generator transients see Ref. 31) 
 

Operating 
Condition    Lifetime 
Category  Condition  Occurrences 
 

N a  – Plant Heatup 100 F/hr 500 
N b  – Plant Cooldown 100 F/hr 500 
N c  –  Plant Loading, 5% /min 15,000 
N d  –  Plant Unloading, 5% /min 15,000 
N e  –  0% Step Load Increase 2,000 
N f  –  10% Step Load Decrease 2,000 
U g  –  Reactor Trip 400 
T h  –  Primary side hydrostatic test, 10 
   3125 psia, 100 - 400 F 
T i  – Secondary side hydrostatic test, 10 
   1250 psia 
T j  –  Primary side leak test, 2250 psia, 200 
   100 - 400 F 
T k  –  Secondary side leak test, 1000 psia 200 
N l  –  Cold Feed Following Hot Standby 15,000 
N m  – Normal Plant Variations, ± 6 F primary, 106 
   ± 40 psi secondary 
N n  –  Primary Coolant Pump Starting and 4,000 
   Stopping 
U o – Loss of Primary Flow 40 
U p  –  Loss of Turbine Generator Load 40 
E q  – Loss of Secondary Pressure 5 
 

E r  –  Loss of Feed Flow 8 
 
Reactor Vessel Head Vent Line (For Reactor Vessel Head transients see Ref. 31) 
 

Operating 
Condition    Lifetime 
Category  Condition  Occurrences 
 

N a  –  Heatup, 100 F/hr 500 
N b  –  Cooldown, 100 F/hr 500 
N c  –  Loading, 5%/min 15,000 
N d  – Unloading, 5%/min 15,000 
N e  –  Step Load Increase, 10% 2,000 
N f  – Step Load Decrease, 10% 2,000 
U g – Reactor Trip, Loss of Load 400 
T h  –  Hydrostatic Test, 3125 psia, 10 
   100 - 400 F 
T i  –  Leak Test, 2250 psia, 200 
   100 - 400 F  
N j – Normal Plant Variations, 106 
   ±100 psi, ±6 F 
U k  – Loss of Primary System Flow 40 
U l  – Abnormal Loss of Load 40 
E m  – Loss of Secondary Pressure 5 
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Reactor Coolant Loop Tributary Piping (For Reactor Coolant Piping transients see Ref. 31) 
 
a. Miscellaneous Pressure, Drain and Sample Lines 

 

Operating 
Condition 
Category  Plant Conditions  Occurrences 

N a  – Heatup, 100 F/hr 500 
N b  –  Cooldown, 100 F/hr 500  
N c – Loading, 5%/min 15,000 
N d  –  Unloading, 5%/min 15,000 
N e  –  Step Load Increase, 10% 2,000 
N f  – Step Load Decrease, 10% 2,000 
U g  –  Reactor Trip 400 
T h  –  Hydrostatic Test, 3125 psia, 10 
   100 - 400 F 
T i  –  Leak Test, 2250 psia, 200 
   100 - 400 F 
N j  – Normal Plant Variations 10 6 
   ±100 psi, ±6 F 
U k  –  Loss of Reactor Coolant System Flow 40 
U l – Loss of Turbine-Generator Load 40 
E m – Loss of Secondary Pressure 5 

 
b. Charging Lines 

 Continuous injection of 395 F water into the reactor coolant cold leg piping at 551 F and 2250 psia 
at a rate of 22 gpm per nozzle. This shall be categorized as "normal" operating condition. 

 
 Also under normal operating conditions, 500 cycles of on and off charging flow at 40 gpm and  40 F 

with the loop at 551 F. This shall be categorized as "normal" operating condition. 

 Injection of charging water into the reactor coolant cold leg piping during the following operations:  
 

Operating 
Condition 
Category  Operating  Occurrences 

N a – Plant Heatup Transient 100 F/hr 500 
N b –  Plant Cooldown Transient 100 F/hr 500 
N c – Plant Loading Transient 5%/min 15,000 
N d – Plant Unloading Transient 5%/min 15,000 
N e –  Plant Step Load Increase ± 10% P F 2,000 
N f –  Plant Step Load Decrease ± 10% F P 2,000 
U g –  Plant Reactor Trip Transient 400 
U h –  Plant Loss of Flow Transient 40 
U i – Plant Loss of Load Transient 40 
E  j – Plant Loss of Secondary Pressure Transient  5 
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Operating 
Condition 
Category  Operating  Occurrences 

N k – Purification 1,000 
N l – Low Volume Control & Makeup 2,000 
N m – Boric Acid Dilution 8,000 
U n – Loss of Charging Flow 200 
U o – Loss of Letdown 50 
U p – Regenerative HX Isolation Long Term 80 
U q – Regenerative HX Isolation Short Term 40 

 
C. Safety Injection Supply Lines 
 
 The safety injection lines I-6-SI-110, 111, 112, 113, I-12-RC-151, 152, 153, 154 from valves  

V3114, V3124, V3134 and V3144 to the appropriate cold leg nozzle are each as a normal operating 
condition subject to five hundred (500) injections of 200F water into the primary  coolant cold leg 
piping initially at 300F with a system pressure of 300 psia or less at a rate of 1500 gpm per nozzle. 
(from low pressure safety injection pumps) 

 As an "Emergency" operating condition, the safety injection lines: 

 I-3/4-SI-114, 115, 116, 117  Instrument Lines  

 I-3-SI-137, 138, 139, 140  HP & Aux HP Lines  

 I-2-SI-126, 143, 145, 147  HP & Aux HP Lines  

 I-6-SI-110, 111, 112, 113  Safety Injection Lines  
I-12-RC-151, 152, 153, 154   

 I-1-SI-227 thru 246   Vent & Drains  

 covering the high pressure and auxiliary high pressure headers from valves V3113, V3123, V3133 
and V3143 through the appropriate cold leg nozzle may be subject to five (5) injections of 120F 
water into the reactor coolant cold leg piping initially at 551F with a system pressure of 1240 psia 
or less at a rate of 225 gpm per nozzle for 90 seconds followed by 40F water from High Pressure 
Safety Injection Pumps. 

 The safety injection tank discharge lines I-12-SI-148, 149, 150, 151, I-6-SI-110, 111, 112, 113 and 
I-12-RC-151, 152, 153, 154 from the check valves below the tanks to the cold leg nozzles will, as a 
faulted condition, be subject to one (1) injection of 100F water into the primary coolant cold leg 
piping initially at 551F with a system pressure in excess of 230 psig or less at a rate of 19,000 gpm 
per nozzle. Flow decreases linearly over 25 seconds to 2000 gpm per nozzle (from safety injection 
tanks). 
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 Following the above flow at 40°F from the low pressure safety injection headers through the safety  
injection lines to the cold leg nozzles will be maintained at 2000 gpm per line (from low pressure 
safety injection pumps)until equilibrium is reached. This is a "faulted" operating condition.  

 
d. Safety Injection Return Lines 
 
 The safety injection return lines (I-1-SI-118, I-1-SI-120, I-1-SI-123 and I-1-SI-125) are subject to  

2000 occurrences of a step change from 130°F and 1100 psia to 120°F and 200 psia. This  
transient occurs upon opening the return line pneumatic valves to relieve the pressure accumulated 
between the safety injection check valves (V3113, V3114 and V3217 typical). The flow rate varies 
from 0 to 40 gpm during those step changes. This transient occurs  periodically during the 
operation of the plant.  

 
e. Shutdown Cooling Suction Lines 
  
 The shutdown cooling suction lines, I-12- RC-147 and 162, I-10-SI-127 and 130, as a normal 

operating condition, be subject to 500 occurrences of shutdown cooling with a flow of 3000 gpm, an 
initial temperature of 350°F max and pressure and temperature varying as appropriate for cooldown 
beyond 350 °F. 

 
f. Letdown Line 

 Five hundred (500) heat-up cycles with a flow of 80 gpm and temperature increasing at 100°F/hr  
from 70°F to 550°F and pressure increasing from atmospheric to 2250 psia over this period. This  
condition should be considered as a "normal" operating condition. 

 Five hundred (500) cooldown cycles of flow at 29 gpm and temperature decreasing from 550°F to  
140°F at a rate of 100°F/hr and pressure decreasing from 2250 psia to atmospheric. This condition  
should be considered as a "normal' operating condition.  

 
Operating 
Condition 
Category  Plant Conditions  Occurrences 

N a – Heatup, 100°F/hr  500 
N b – Cooldown, 100°F/hr  500 
N c – Loading, 5%/min. 15,000 
 

N d – Unloading, 5%/min. 15,000 
N e – Step Load Increase, +10%  2,000  
N f – Step Load Decrease, -10%  2,000  
U g – Reactor Trip 400 
U h – Loss of Reactor Coolant System Flow 40  
U i – Loss of Turbine-Generator Load 40  
E j – Loss of Secondary Pressure 5  
N k – Purification 1,000  
N l – Low Volume Control & Makeup 2,000  
N m – Boric Acid Dilution 8,000  
U n – Loss of Charging Flow 200  
U o – Loss of Letdown 50  
U p – Regenerative Hx Isolation Long-term 150   
U q – Regenerative Hx Isolation Short-term 40  
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Lines Associated with Reactor Coolant Pumps (For Reactor Coolant Pump transients see Ref. 31) 
 
Plant Conditions  Occurrences  
a. Heat Up, 100F/hr  500 
b. Cooldown, 100F/hr  500 
c. Loading, 5%/min.  15000 
d. Unloading, 5%/min.  15000 
e. Step Load Increase, 10%  2000 
f. Step Load Decrease, 10%  2000 
g. Reactor Trip or Loss of Load  400 
h. Hydrostatic Test, 3125 psia, 100-400F 10 
i. Leak Test, 2250 psia, 100-400F 200 
j. Normal Plant Variations, ± 100 psi, ± 6F  106 
k. Pump Starting and Stopping 4000 
l. Loss of Flow 40 
m. Abnormal Loss of Load (Turbine Trip with 40 
 delayed reactor trip) 
n. Loss of Secondary Pressure 5 
 
The preceding provides a summary of how cyclic loads due to plant operating conditions are accounted 
for.  It is not all inclusive, nor is it intended to be.  Rather, it is provided to indicate how these loads are 
accounted for and to confirm that the design can accommodate appropriate operating transients. 
 
3.9.2.3 Code Case Interpretation 
 
The code case interpretations of the ASME and ANSI codes that were incorporated in the addenda in 
effect at the time of purchase of the equipment are the interpretations which were referred to regarding 
these components. 
 
Per Reference 28, for repair or replacement of Class 2 piping that cannot be isolated by existing valves or 
that require securing safety or relief valves for isolation, the pressure test required by IWA-4400 will be 
deferred until the next regularly scheduled system hydrostatic tests (IWC-5000), with the repaired or 
replaced piping subject to the following conditions: 

a) prior to or immediately upon return to service, a visual (VT-2) examination for leakage shall be 
conducted during a system functional test or during a system in-service test in the repaired or 
replaced portion of the piping system; and  

b) the repair or replacement welds shall be examined in accordance with IWA-4000 and IWA-7000 
using volumetric examination methods (IWA-2230) for full penetration welds or surface examination 
methods (IWA-2220) for partial penetration welds. 

 
Code Case N-411, "Alternative Damping Values for Response Spectra of Class 1, 2 and 3 Piping, Section 
III, Division 1," may be applied to new systems analyzed by response spectrum methods.  Code Case N-
411 may also be utilized to qualify proposed modifications to existing systems.  Based on the use of Code 
Case N-411, all piping qualification analyses shall include verification that: 
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- All piping supports are properly designed and capable of withstanding design loads.  

- Excessive pipe deflections are not introduced by use of the code case (i.e., displacements shall  be 
checked to verify that proper clearances exist with respect to adjacent structures,  components and 
equipment). Pipe mounted equipment shall also be checked to assure that the  equipment is able to 
withstand the pipe motion.  

- Postulated pipe break locations have been properly considered.  

- Affected equipment nozzle loads are not adversely affected.  
  
Each new analysis or reanalysis performed utilizing the PVRC damping values shall include specific  
reference to Code Case N-411 in the Quality Assurance Records associated with the calculation. For  
each anchor group (analysis package) where the code case is applied, the code case shall be applied  to 
the entire analysis (i.e., PVRC damping would not be mixed in a given analysis with Regulatory  Guide 
1.61 criteria).  
  
Code Case N-411 may be applied to systems analyzed by response spectrum methods.  
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3.9.2.4 Active Components – Code Classes 1, 2 and 3 
 
For a faulted system, components that are associates with the faulted system only and do not perform 
any isolation function need only retain the pressure containing boundary, i.e., they should remain 
reasonably intact but need not satisfy operability related criteria.  Unit 1 equipment  specifications 
specifies represented upper limit type pressure and temperature conditions for the component.  The 
active safety class pumps and valves are specified to withstand concurrent pressure temperature, and 
seismic loads with no loss of function. 
 
Mechanical components in fluid systems whose operability is required to perform a safety function are 
considered active components.  The operability of these components must be assured under the loading 
conditions they will be subjected to during a postulated accident including the design basis earthquake.  
Pumps and valves are the only active components relevant to St. Lucie 1. The operability assurance 
program for both pumps and valves is described below: 

a) Loading conditions are evaluated and conservative loading requirements based on the most 
adverse combination of loads are included in component specifications. 

b) Specifications require compliance with the Draft ASME Code for Pumps and Valves - November 
1968. 

c) Vendors must demonstrate by analysis and/or testing that components will not suffer loss of 
function when seismic loads are imposed in addition to other applicable loads. 

d) Vendor tests are performed to demonstrate integrity and performance capability. 

e) Construction and preoperational checks and tests verify proper installation and in situ performance. 

f) Periodic tests during the operating life of the facility monitor insitu performance during service life. 

g) The St. Lucie quality assurance program insures that components are designed, manufactured, 
installed, and tested in accordance with applicable codes, regulatory requirements, and component 
specifications. 

h)  A periodic in-service inspection program will monitor component integrity during service life. 
 
During components design, evaluation limitations are placed on stress levels that may be attained and 
areas where deformation might affect performance are identified and evaluated.  To ensure that active 
components remain functional during all loading conditions, including 
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DBE, stresses are limited to within 90 percent of yield stress. Stress calculations, rather than empirical 
methods, are used to verify that the stress criteria are met. 
 
With regard to deformations, the general approach is to identify areas or parts of active components 
where significant (local) deformation might impede the free movement of rotating or reciprocating parts. 
 
These areas or parts are analyzed to confirm that the stress levels achieved in their design are low 
enough that the associated deformation would be correspondingly small.  This is responsive to the 
guidance provided by Regulatory Guide 1.48 for active components subjected to loadings which include 
seismic.  For example: 

a) For Classes 2 and 3 active pumps, the significant areas selected for evaluation were 
typically the foundation bolting and bearing bracket bolting. 

b) For Classes 1, 2, or 3 active valves, the most significant area is the yoke.  For motor 
operated active valves, a curved beam analysis was performed which established the 
stress in a very localized area.  The maximum value reported was about 2/3 of the 
material specification minimum yield.  The overall deformation associated with this 
level of stress in the very localized area is very small. 

  
Nozzle loadings are taken into account within normal design practice.  Generally, the following 
precautions are taken to ensure that the end loads applied to active pumps do not effect normal 
operation: 

a) Component specifications for active pumps require that the pump  manufacturer submit the values 
of the maximum allowable forces and moments for the pump nozzles. 

b) These end loads are established by the manufacturer to very conservative levels such that the 
pump will operate normally.  A statement to this effect has been obtained from the manufacturer. 

  
The Architect-Engineer applies the pump manufacturer supplied end loads as limits for designing the 
piping system for the faulted plant condition.  In one instance this exchange of information caused the 
LPSI pump manufacturer to make installation modification recommendations for two pumps where the 
Architect-Engineer was unable to reduce pump nozzle loading by changing piping layouts. 
 
Valves are stronger than the pipe associated with them.  They are designed for the pressure, 
temperature, and seismic load associated with the faulted condition.  Thus, operability, is only a concern 
in the faulted condition where a moment is applied to the valve body.  For those valves where (i) the valve 
must operate to achieve an isolation function, and (ii) pipe restraints are not supplied to eliminate the 
moment, the manufacturers of these active valves will be requested to stipulate that each valve will 
operate normally when subjected to the end connection loads associated with faulted plant conditions. 
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The St. Lucie 1 operability assurance program provides adequate assurance that active components will 
function when called upon to do so.  In addition, the component redundancy provided in the design 
accommodates single active random component failure in a safety system without loss of required system 
performance levels.  Active component operability assurance is a continuing industry program.  Active 
components, which are common to all nuclear facilities, are continually being analyzed by Applicants. 
 
An illustration is given below of an application of the operability assurance program.  Some of the above 
features in the specifications for the main steam isolation valves and the containment spray pumps are: 
 
a) Main Steam Isolation Valves 

1)  Seismic Design - 

i) Valves and their operators and appurtenances shall be able to withstand seismic forces 
of 0.60g horizontal and 0.375g vertical (Operating Basis Earthquake).  The vertical and 
horizontal forces shall be assumed to be acting simultaneously. 
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ii) The design basis seismic forces (DBE)to be withstood are 1.20g horizontal and 0.75g 
vertical.  The vertical and lateral forces shall be assumed to be acting simultaneously. 

iii) The unit stresses obtained from seismic loads shall be added directly to unit stresses 
from all other loadings. The allowable unit stresses shall not be increased due to the 
 addition of the OBE seismic load.  The allowable unit stresses may be increased 
due to the addition of the DBE seismic load to a limiting value that will cause no loss of 
function due to the seismic loads. 

iv) Seller shall supply calculations which substantiate that the valves and their components 
will not suffer loss of function due to the addition of seismic loadings. 

2) Manufacturers' Tests 

i) Valves shall be hydrostatically tested at the pressure standard as per ANSI Standard 
B16.5. 

ii) Valve seats shall be given the standard 80 lb air test in accordance with the 
Manufacturer's Standardization Society Standard Practice SP-61 for the hydrostatic 
testing of steel valves. 

iii) Seat leakage rate shall not exceed 2 cc/hr per inch of diameter across the seat when 
fully closed and under full hydrostatic test pressure. 

iv) Stop valves shall be tested for backseating tightness to demonstrate that they can be 
repacked under full working pressure. 

v) Mechanical tests shall be performed on stop valves for opening and closing response 
times. 

vi) If vibrating platform tests are performed, they shall be conducted at various frequencies 
over the expected range associated with the DBE. 

vii) Operators shall be completely assembled onto their respective valves and the entire 
valve shall be shop tested for operability before shipment. 

viii)  All valve body castings shall be 100 percent radiographed after heat treatment. 

ix) All external accessible internal surfaces of the valve fluid boundary containment shall 
be examined by magnetic particle methods including final machined surfaces. 
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x) Mill test reports containing physical and chemical analysis sheets on fluid containing 
parts of valves shall be provided.  

3) Unique Service Condition - 

 The valves shall be suitable for outdoor service in a salt laden atmosphere; be subject 
to hurricane winds of 194 mph, or tornado winds of 360 mph; torrential rains; and high 
ambient temperature and humidity. 

b)  Containment Spray Pumps 

1) Seismic Design - 

i) Loading conditions considered in the design of the pumps shall include: 
a- Internal pressure and mechanical forces including forces due to fluid flow. 
b- Temperature transients 
c- Earthquake shock as follows:  

ii) The OBE seismic load shall be considered as a lateral force equal to 0.187g times the 
permanent gravity loads and a vertical force acting either up or down equal to 0.125g 
times the permanent gravity loads.  The vertical and lateral forces shall be assumed to 
be acting simultaneously. 

iii) The DBE seismic load shall be considered as a lateral force equal to 0.375g times the 
permanent gravity loads and a vertical force acting either up or down equal to 0.25g 
times the permanent gravity loads.  The vertical and lateral forces shall be assumed to 
be acting simultaneously. 

iv) The unit stresses obtained from seismic loads shall be added directly to unit stresses 
from all other loadings.  The allowable unit stresses shall not be increased due to the 
addition of the OBE seismic load.  The allowable unit stresses may be increased due to 
the addition of the DBE seismic load to a limiting value that will cause no loss of 
function due to the seismic loads. 

v) Seller shall supply test data, operating experience and/or calculations which 
substantiate that the pumps will not suffer loss of function due to the addition of seismic 
loadings. 
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2) Manufacturers' Tests 

i) All pump test set ups, test procedures and instrumentation shall be in accordance with 
standards of the Hydraulic Institute and the ASME Power Test Code PTC-8.2. 

ii) Performance at all loads within the design capacity shall be smooth and free from 
undue noise, vibration, deflection, overheating and wear. 

iii) Hydrostatic test of the pump casing shall be performed on each pump at 150 percent 
of shut off total head prior to painting. 

iv) Complete performance test with at least five (5) head-capacity points shall be 
conducted in the shop to establish pump characteristics.  Transient test shall also be 
conducted at the pump design point to establish pump ability to withstand different 
water temperatures.  NPSH requirements for the capacity range should be verified by 
a suction pressure suppression test for each pump. 

3) Unique Service Condition    

i) The pumps are initially expected to take suction from the refueling water tanks with 
minimum water temperature of 40°F and boron concentration of 0 to 1900 ppm.  They 
would also take suction from the containment sump with an assumed maximum water 
temperature of 250°F.  The pump design and construction shall be able to withstand 
this temperature transient occurring within 10 seconds of switchover signal. 

 
Active components, which are defined as components carrying fluid required to undergo a mechanical 
motion to either mitigate the effects of an accident or safely shut down the plant are listed below. (Table 
5.2-3 provides a tabulation of Class I active components.)  
 
1. PUMPS TYPE QUANTITY QUALITY GROUP 

Containment Spray Vertical 2 B 

Intake Cooling Water       " 3 C 

Component Cooling Water Horizontal 3 C 

Auxiliary Feedwater (Motor)      " 2 C 

        "          "           (Turbine)  1 C 

High Pressure  Safety 
    Injection      " 2* B 

Low Pressure Safety 
    Injection      " 2 B 

Charging Positive 3 B 

 Displacement 

Diesel Oil Transfer Horizontal 2 C 
 
 
 
 
 * 1C HPSI pump has been abandoned in place. 
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2. VALVES TYPE QUANTITY QUALITY GROUP 
 
Main Steam System 
 

S.G. Outlet Air 2 B 
 Check 2 B 
M.S. to Aux.Turbine Manual 4 B 
 Check 2 B 
 Motor 1 B 

 
Feedwater System 
 

S.G. Outlet Feed Check 2 B 
       " 2 B 
 Motor 2 B 
Aux. Feed.to S.G.(motor)  Check 2 B 
 Motor 4 C 
 Check 2 C 
Aux. Feed. to S.G.(tur.)  Check 2 B 
 Motor 2 C 
 Check 1 C 
Cond. Tk. to Stm. Tur.    Check 1 C 
Pump 

 
Intake Cooling Water Sys. 
  

Pump discharge to header  Check 3 C 
Turbine cooling isolation valves Motor 2 C 
Header Air 2 C 
Strainer Debris Discharge Air 2 C 

   
Component Cooling Water Sys. 
  

 Pump discharge Check 3 C 
 Cross-connect Air 2 C 
 To fan coolers Motor 4 B 
 To reactor coolant pumps Air 4 B 
 Outlet from SDHX Air 2 C 
 Pump suction Air 2 C 

  
Primary Makeup Water Sys. 

 Containment penetration Motor 1 B 
  Check 1 B 

  
Instrument Air Sys. 
 

Containment penetration Motor 1 B 
 Check 1 B 
  

To annulus accumulator Check 5 B 
  
S.G. Blowdown System 
 

Blowdown Air 4 B 
Blowdown sample Air 4 B 
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2. VALVES TYPE QUANTITY QUALITY GROUP 
 
Containment Spray Sys. 
 

Pump Suction from RWT Motor 2 B 
 Check 2 B 
Pump discharge Check 2 B 
 Air 2 B 
 Check 2 B 
RWT to LPSI pumps Check 2 B 
Pump Suction from cont 
sump Motor 2 B 
 Check 2 B 

 
Safety Injection System 

SI Tank Discharge Check 4 B 
LPSI Header Motor 4 B 
HPSI Header Motor 4 B 
HPSI Header - Auxil. Motor 4 B 
LPSI Pump Suction Check 2 B 
LPSI Pump Discharge Check 2 B 
HPSI Pump Suction Check 2 B 
HPSI Pump Discharge Check 2 B 
HPSI Pump to Header Motor 1 B 
HPSI Pump to Header - 
    Auxil. Motor 1 B 
Shutdown Cooling Heat 
    Exchanger Flow Control 1 B 
Mini-recirc line Motor 2 B 

 
Reactor Coolant System 

RCS Gas Vent Solenoid 4 B  
 
 
Other Containment 
Isolation Valves Refer to Table 6.2-16 
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Consistent with this generation of units, calculations were performed to verify the design adequacy of 
components.  Since the equipment is already shipped from the manufacturer's shops and has been 
installed, it is not possible to institute a testing program for Unit 1 equipment.  However, it is feasible to 
test vital appurtenances on a type test basis.  Tests have been conducted.  The results of testing 
conducted to date are included in the discussion that follows: 
 
The following appurtenances utilized on all Pump and Valve Code Active Class 1, 2 and 3 pneumatic 
operates control valves within CE, Inc. scope of supply have been tested by Fisher Controls Company: 

a) Fisher type 67 FR Regulator 

b) National Acme Snap Lock Electric Switch No. D240OX-2 

c) Fisher Type 2625 Volume Booster 

d) Fisher Type 546 Transducer 

e) Fisher Type 3590 Positioner 

f) ASCO solenoid 832OA22 
 
The following testing was performed on all of the above referenced equipment and no malfunctions were 
detected: 

a) Each appurtenance was tested in three orthogonal axes mounted to a vibration table using the 
standard mounting brackets of the appurtenance. 
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b) All tests were conducted with the appurtenance in an operating condition. 

c) A continuous frequency sweep was run in each of the three axes at an acceleration level of 1.0g 
from 5 to 60 Hz.  During the test the output of the appurtenance was continuously monitored.  If no 
resonance was observed, a one-minute 4.0g dwell test was run at 10, 17, 25, and 33 Hz.  In only 
one test was a resonance located below 60 Hz, that being a resonance at 53 Hz in one axis for the 
type 3590 positioner.  A 4.0g dwell test was conduced on this positioner at the resonant frequency 
for one minute resulting in no malfunction. 

d) Malfunction criteria were as follows: 

1) Loss of output 

2) Erratic or unwanted output +5 percent of output span 

3) Major calibration shift +5 percent of output span 

4) Structural failure, broken or loosened parts 
 
All components performed satisfactorily.  The ASCO solenoid (No. 8302C27R) utilized on all pneumatic 
operated valves in CE, Inc. scope has not been tested.  Provision has been made with ASCO to have this 
valve tested to the requirements of IEEE-344. 
 
As part of the requirement to demonstrate either by analysis or test that the overall valve assembly is 
capable of withstanding a 3.0g load applied in any direction, Fisher Control Co. fractured standard 
production cast iron yokes for all Pump and Valve Code Class 1 and 2 valves in CE, Inc. scope and 
demonstrated that in the weakest attitude, the lowest "G" load to fracture for any of these valve yokes was 
10g for two valve designs out of the thirteen designs tested.  Maximum g load capability on the eleven 
other designs ranges from 10.3 to 32.5g. 
 
Valve motor operators supplied on St. Lucie Unit 1 were manufactured by Limitorque.  These operators 
are representative of the prototype units that were successfully seismically tested in accordance with 
Ogden Technology Laboratories Report No. 7192-9 dated 9/26/72 and Lockheed Electronics Company 
Test Report No. 2120-4594 dated July 31, 1968, and No. 2539A-4723 dated September 23, 1973.  These 
reports show that the operators comply with the intent of IEEE Standard 344-1971 requirements. 
 
A Limitorque Model SMB-0-25 was vibration tested by Ogden Labs as follows: 
 
An exploratory test was performed in three orthogonal axes over a frequency range of 1 to 35 Hz at a 
maximum acceleration of 1.0g to determine natural frequency.  No natural frequencies were detected.  
The SMB-0-25 was vibrated at 3g’s for ten seconds at all even numbered frequencies from 2 Hz to 34 Hz 
and at a level between 5.3 and 5.8g’s at 35 Hz. 
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A Limitorque Model SMB-0-15 was vibration tested by Lockheed Electronic Co. as follows: 
 
The SMB-0-15 was subjected to five simultaneous tests in both the vertical and horizontal axes.  Each 
test consisted of two minutes of vibration at 35 Hz at an acceleration level of 3g's followed by one minute 
vibration.  Vibration scans for natural frequency were also conducted in both axes of vibration between 5 
and 35 Hz.  No resonances were detected. 
 
A Limitorque Model SMB-0-25 was vibration tested by Lockheed Electronic Co. as follows: 
 
The SMB-0-25 was mounted on a test stand and having a threaded valve stem being driven by the 
Limitorque operator simulating opening and closing a valve.  The Limitorque operator was electrically 
connected so as to stop at the full close position by means of a torque switch and stop at the full open 
position by means of a geared limit switch.  The Limitorque operator had a 4-train geared limit switch 
installed and all contacts not being used for motor control were wired to electric indicating lights at a 
remote panel. 
 
The unit successfully completed a 5.3g shock level at 35 Hz with no discrepancies noted.  An exploratory 
scan of 5 Hz to 35 Hz was made and no critical resonant frequencies were noted on the Limitorque 
operator.  The unit was shocked and vibrated in each of three different axes a total of 2 minutes on, 1 
minute off, three times per axis.  The unit was operated electrically to both the full open and full close 
position and all torque switches and limit switches functioned properly.  None of the auxiliary limit 
switches wired to indicating lights ever flickered or indicated they were opening or flickering.  All electrical 
and mechanical devices on the operator worked successfully. 
 
An additional test level of 10g's at a maximum of 49 Hz was also conducted.  The Limitorque operator 
had no defects during the first two minutes of operation at the 10g level.  However, upon starting the 
second run, the hardware holding the geared limit switch loosened, and the test was discontinued.  At 
that time, the unit had been subjected to a total of 9 minutes of shock and vibration at 10g's and 49 Hz. 
 
NRC Generic Letter 89-10 requires that operating nuclear plants develop and implement a program to 
ensure that switch settings on all safety-related motor-operated valves (MOVs) are correctly selected, set 
and maintained to accommodate the maximum differential pressures expected on these valves during all 
postulated events within the design basis.  Item a) of the Letter requires that the design basis for these 
MOVs be reviewed to determine the maximum differential pressure expected during both opening and 
closing strokes for all postulated events.  
  
Item b) of Generic Letter 89-10 requires that the licensee establish the correct MOV switch settings based 
on the previously determined maximum differential pressure.  All switches, including torque switches, 
torque bypass switches, position limit, position indication, overloads, etc., shall be considered.  This 
requires that the actuator and valve capabilities at degraded voltage be evaluated.   Modifications to the 
valves and actuators have been performed where appropriate to allow incorporation of the proper switch 
settings.  
  
Once the correct switch settings have been incorporated into the respective motor-operated valves, Item 
c) of Generic Letter 89-10 requires that each motor-operated valve be stroke tested against the maximum 
differential pressure established in Item a) to verify operability.  The results of these tests shall be used to 
trend the condition of the valves and operators and to help determine appropriate maintenance 
frequencies.  
  
The requirements of NRC Generic Letter 89-10 have been completed for the applicable Unit 1 valves, 
which are listed in Table 3.9-6.  
 
 
 
 
 3.9-34 Amendment No. 24, (06/10) 



As a result of NRC Generic Letter 96-05, "Periodic Verification of Design- Basis Capability of Safety- 
Related Motor-Operated Valves," FPL committed to maintaining a periodic verification program to  ensure 
safety related MOVs remain capable of performing their safety functions within the current  licensing 
basis.  The program addresses all the elements of Generic Letter 96-05 and the scope  includes all 
valves within the Generic Letter 89-10 program.  The basis of the program activities and  frequencies, and 
justifications for any changes are not commitments and will be maintained at the St.  Lucie plant.  See 
Reference 30.   
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The following appurtenances are vital to the operation of the safety injection pumps, other CE supplied 
pumps have none. 

a) Mechanical seals and bearing coolers 

b) Piping associated with these coolers 
 
The coolers are bolted rigidly to the plate of the pump assembly, and the piping is supported such that no 
significant vibration can take place.  The weight of the cooler relative to the size of its support brackets 
and bolting precludes any possibility of high stress or deformation that might prevent these 
appurtenances from operating.  Therefore, no provision for the testing of these appurtenances is 
considered necessary. 
 
Pump motors have been reviewed.  The vendor has certified that the category IE station auxiliary motor 
as well as appurtenances will withstand the seismic forces specified in the Unit 1 specifications.  See 
Appendix 3B, item I. 
 

3.9.2.5 Pipe Whip Protection 
 
3.9.2.5.1 General Criteria 
 
The basic design approach to protect critical systems from the effects of pipe whip is to provide 
separation between piping and equipment.  Where separation is not possible due to physical limitations, 
pipe whip restraints are designed and installed.  Design basis criteria are provided in Section 3.6.2. 
 
3.9.2.5.2 Basic Assumptions 
 
The design of pipe whip restraints is based on the following assumptions: 

a) Pipe rupture, both circumferential (guillotine) and longitudinal (slot), can occur anywhere in the 
system. 

b) Pipes which can only be pressurized from reciprocating pumps are not considered for creating jet 
impingement or reaction forces, since after a pipe rupture in such lines the pressure will decay 
immediately. 

c) Pipes with maximum operating pressures of 125 psig or less are not considered.  Typical 
calculations for such lines have shown that impingement and reaction forces are too small to create 
failures in adjacent components. 

d) Protection of adjacent piping or equipment from pipe whip is provided by limiting the deflection of 
the pipe at the postulated rupture to small magnitudes.  This has been achieved by placing pipe 
restraints such that the reaction forces on the broken pipe do not cause formation of a plastic hinge. 

 
The systems postulated to rupture, outside the reactor coolant pressure boundary are provided in Section 
3.6.1. 
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3.9.2.5.3 Method of Analysis 
 
Pipe whip and jet impingement forces are evaluated and pipe restraint spacing is provided in accordance 
with the methods described in Section 3.6.4. 
 
3.9.2.6 Mounting of Safety and Relief Valves 
 
Installation of pressure relieving devices for the reactor coolant system and main steam system will be in 
accordance with ASME Boiler and Pressure Vessel Code, Section III.  A description of the pressure 
relieving devices for the main steam system is given in Section 5.5.1. 
 
The full design thrust of the pressure relieving devices on the main steam lines and main steam line 
header outside the containment is furnished by the manufacturer of the pressure relieving device.  The 
bending, torsion, shear and direct stress is established for the pressure relieving device nozzle, valve 
nozzle, and the nozzle to header or pipe intersection in the cases where the device relieves directly to the 
atmosphere. 
 
Calculated stresses in the nozzle neck include the effects of discharge loads, seismic effects, weight and 
pressure.  Nozzle-header combinations are checked for full conformance with applicable paragraphs of 
ASME Boiler and Pressure Vessel Code Section III for all required load combinations including, thrust 
seismic loads, weight and pressure. 
 
An additional check is made on the steam lines and header which considers the effects (including torsion) 
of all valves discharging at maximum thrust simultaneously. 
 
For closed systems where the fluid is discharging from a safety relieving device to another vessel or 
chamber, both the discharge and inlet ends of the connecting pipe (which includes the pressure relieving 
device) are considered as anchors.  The condenser and the pressurizer relief tank (discharge ends) and 
steam line, header and pressurizer (inlet ends) will be analyzed for this condition.  The dynamic forces 
and static pressure forces throughout the connecting pipe are considered, and the resultant forces and 
moments in combination with seismic and other effects are used to determine the system stresses and 
required connecting pipe restraints. 
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3.9.2.7 Analytical Methods and Criteria 
 
Safety related pumps were designed to commercial standards as required by the draft pump and valve 
code. 
 
In the case of active valves, the criteria of the design codes and standards are supplemented to require 
design calculations which further demonstrate the structural adequacy of the component to remain 
functional during all specified loading conditions.  In these cases, the primary stress produced in the 
components and supports by the combined effects of the most severe loading combinations, which 
includes coincident operating conditions plus DBE loadings, is limited to the material yield strength at 
temperature. 
 
The draft pump and valve codes specify that design shall be in accordance with manufacturers standard 
practices.  For each support system the specification gives the conditions of design (i.e., seismic, tornado, 
or hurricane plus operational loads).  The manufacturer's calculations are reviewed to ensure that the 
specified conditions were considered in the equipment support design.  The purchase specification 
requires that the allowable stresses specified in the ASME or AISC codes not be exceeded for the design 
condition (OBE plus operational loads).  The stresses allowed for the more severe loading combinations 
are determined by the manufacturer according to his standard practice.  The only criteria for these stress 
levels is that there be no loss of support function.  An example is the component cooling water pumps 
where the conditions of design were seismic, tornado, or hurricane plus operational loads.  The allowable 
stress for the design condition was from the AISC codes.  The stresses allowed by the manufacturer for 
more severe conditions (DBE + operational, tornado + operational, and PMH + operational) were 1.33 
times the allowable stress. 
 
The design calculations performed to demonstrate the adequacy of the components and supports 
employed elastic methods.  Specifically, plastic deformations are not permitted in active components or in 
the supports for active components. 
 
Relief valve installations are analyzed for steady state load conditions.  To evaluate reaction force, both a 
static pressure term and a momentum term due to discharge jet velocity are considered.  For multi-valve 
installations, analysis is restricted to individual and simultaneous valve discharge. 
 
All active safety related pumps are subjected to operational tests to demonstrate their ability to function in 
the design condition.  The design conditions for these components are the conditions corresponding to 
accident conditions for the reactor coolant system.  In addition, the high pressure safety injection pump 
design was tested under the severe thermal transient conditions which would occur in the unlikely event 
of a loss-of-coolant accident. 
 
Components which are constructed in accordance with the equipment specifications are required to 
comply with the applicable codes as mentioned in the specifications.  The manufacturer is responsible for 
compliance with the design specifications and must submit documentation that the materials and welds 
satisfy the design specifications by providing the 
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results on one or more of the following tests: radiographic, liquid penetrant, magnetic particle, ultrasonic 
or hydrostatic.  The seismic analysis or testing described in Section 3.9.1.2 provided by the manufacturer 
also serves to demonstrate compliance with the applicable sections of the codes. 
 
3.9.2.8 Operational Cycles 
 
The auxiliary feedwater pumps may be subjected to the following number of operational cycles during the 
plant life: testing 720 cycles in which the pumps run for 15 minutes during each test; plant cooldown,  
500 cycles; and hot standby, 15,000 cycles.  In all cases the electrically driven pumps are preferred for 
operation with the steam turbine driven pump on standby.  However, the steam turbine driven pump may 
be subjected to 300 cycles of the complete system blacking out including the loss of the standby diesel 
generators.  During the performance of the operation the motor operated valves on the discharge are kept 
closed and the pumps operated on the minimum recirc flow. 
 
Both the electrically driven and the steam turbine driven pumps are capable of withstanding without any 
damage instantaneous loss of suction should this occur inadvertently. 
 
The component coolant pumps are run continuously while the plant is in operation and may be subjected 
to 500 shutdown cooling cycles. One of the three component cooling pumps will be on standby at all 
times.  Standby condition will be alternately shared among the three pumps. 
 
The containment spray pumps are tested every refueling outage and thus will undergo approximately  
40 lifetime full-flow testing cycles. 
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3.9.2.9 Storage Tanks 
 

The condensate storage tank is designed to "American Water Works Association Standard for Steel 
Tanks, Standpipes, Reservoirs and Elevated Tanks for Water Storage", AWWA D-100. 

 
The refueling water storage tank is designed to ANSI B96.1, standard for "Welded Aluminum Alloy Field 
Erected Storage Tanks". 

 
The diesel oil storage tanks are designed to API 620, American Petroleum Institute Standard for Low 
Pressure Storage Tanks. 

 
The load combinations and stress-limits for the condensate storage, refueling water storage, and diesel 
oil storage tanks are as follows: 

 
 

 
 
1. 

Load Combination 
 

Dead + Live + Wind (1) 

Stress Limit 
 

Basic code allow 
 

2. Dead + Live + Tornado (2)1
 

 

90 percent of the yield 
strength of the material 

3. Dead + Live + Operating Basis 
Earthquake (3) 

1.33 of Basic code allow 

4. Dead + Live + Design Basis 
Earthquake (3) 

90 percent of the yield 
strength of the material 

 
(1) Normal wind load shall be in accordance with the South Florida Building Code except 

that the design pressure at any level shall not be less than 50 psi on the full projected 
area for the tank empty or full of water. No allowance shall be made for the shielding 
effects of buildings. 

 

(2) Tanks are designed to withstand tornado wind of 360 mph. The force on the roof shall 
be assumed to be uniform internal pressure of 3 psi. Tanks are assumed at least 90 
percent full of product. 

 

(3) Tanks are designed for concurrent horizontal and vertical seismic loads. Results of 
dynamic analysis take into account sloshing effects obtained from hydrodynamic 
analysis. For roof design, the vertical seismic force at the roof elevation. 

 
Notes 

 
1. Load combinations including tornado loads are not applicable to the diesel oil storage tanks. UFSAR 
Appendix 3F Section 4.3.4, 5.0 and 6.7 discuss the inherent adequate tornadic debris capability of the 
diesel oil storage tanks and the further enhancement of the tornado resistance due to the missile 
protected intertie to the Unit 2 diesel oil storage tanks. The Unit 1 diesel oil transfer pumps and the Unit 2 
diesel oil storage tanks are missile protected. 

 
3.9.2.10 Supports for ASME Class 2 and 3 Components 

 
Nominal allowable stress limits for supports, from draft ASME Pump and Valve Code, or AISC as 
applicable, were supplied to all loading conditions for Class 2 and 3 pumps without increase permitted for 
seismic or accident loadings. Class 2 and 3 pumps are bolted directly to the floor without any 
intermediate supports. 

 
 
 
 
 
 
 
UNIT 1 3.9-39   Amendment No. 28 (05/17) 



Support systems for code class 2 and 3 piping and components were designed to restrict stresses to 
within the applicable code allowable for normal, upset, emergency and faulted plant operating conditions.  
The "limiting" stress conditions for pipe runs and connected components formulated the basis for design. 
 
A detailed stress analysis for the "limiting" plant operating conditions was performed for each pipe run to 
assure that the piping was not overstressed, to determine the maximum expected thermal displacement 
of the lines, determine the maximum expected loadings at all pipe terminal points and define the actual 
loads at hanger and restraint points. 
 
The maximum expected loads at the terminal ends (e.g., code class 2 and 3 pumps, tanks, etc.) are 
transmitted to the vendor who determines the equipment anchor bolt requirements.  Operational, seismic 
and component connected piping loads were considered.  Wind and hydrostatic loadings in addition to 
the above were considered for outdoor components when applicable. 
 
Where possible, hanger and restraint functions were combined to eliminate redundant supports. 
 
In addition, the following general design criteria were employed: 

a) spring hangers were designed for the operating weight of the pipe 

b) rigid restraints, both horizontal and vertical, were designed for thrusts due to operating load, 
thermal and seismic forces 

c) snubbers were designed for thrusts due to seismic forces and/or fluid transient forces 

d) pipe rupture restraints were designed for jet impingement and reaction forces.  A minimum restraint 
gap of 1-inch was maintained to ensure that pipe rupture restraints do not interact during any 
condition other than pipe rupture. 

3.9.2.11 Inservice Testing of Pumps and Valves 
 
A pump and valve inservice test program for St. Lucie Unit 1 is in effect.  The first ten year interval 
program which ended February 11, 1988, was conducted in accordance with the 1974 Edition of the 
ASME Code (through Summer 1975 Addenda) except for specific relief requested in accordance with 10 
CFR 50.55a (g)(5)(iii).  See References 22 and 27.  The second ten year interval inservice test program 
began on February 11, 1988.  The second ten year inservice pump test program was conducted in 
accordance with Subsection IWP, Section XI, Division 1, of the 1983 Edition of the ASME Boiler and 
Pressure Vessel Code through Summer 1983 Addenda, except for specific relief requested in accordance 
with 10 CFR 50.55a (f)(5)(iii).  The third ten year interval began on February 11, 1998, and is being  
conducted in accordance with the requirements of the ASME B & PV Code Section XI, 1989 Edition and 
ASME/ANSI OM-Code, including OMA-88. 
 
3.9.3  COMPONENTS NOT COVERED BY ASME CODE 
 
The summaries of the stress and dynamic analyses of the reactor internals, given in Section 3.7.3.3 and 
in Reference 18 under LOCA conditions, demonstrate that all design loading combinations will be 
sustained without impairment of structural and functional capability.  Details of the mechanical design and 
analytical procedures for the design of the fuel assemblies are discussed in Section 4.2.1. 
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TABLE 3.9-1 
 

MANUFACTURER'S SEISMIC ANALYSIS FOR CLASS II AND III EQUIPMENT 
 

SPECIFIED SEISMIC CONSTANTS 
 
 
 Equipment   Operational   Design  Manufacturer Analysis  

Auxiliary feedwater  *(h) 0.25g 0.50g Stress calculation 
pump **(v) 0.175g 0.334g Based on the specified 
   seismic constants 

Component cooling (h) 0.40g 0.80g Stress calculations 
pump and heat (v) 0.25g 0.54g Based on the specified 
exchanger   seismic constants 

Containment spray (h) 0.187g 0.375g Stress Calculation 
pumps (v) 0.125g 0.250g Based on the specified 
   seismic constants 

Containment spray  (h) -  3.00g Nozzle was subjected to 
nozzles  (v) -  2.00g accelerations of 3.0g (h) 
   and 2.0g (v) by a vibra- 
   tion test machine. Also, 
   the nozzle was vibrated  
   for one minute at each 
   integral frequency from  
   5 Hz to 50 Hz 

Intake cooling  (h) 0.525g  1.05g Stress calculation 
pumps  (v) 0.35g  0.70g Based on the specified 
   seismic constants 

2½ inch and smaller (h) 1.50g 3.00g Stress calculations 
steel station valves (V) 1.00g 2.00g  

2½ inch and larger (h) 1.50g 3.00g Stress calculations 
steel station valves (v) 1.00g 2.00g Based on the specified 
   seismic constants 

Butterfly valves  (h) 1.50g  3.00g Stress calculations 
 (v) 1.00g  2.00g Based on 5g's simul- 
   taneously applied on 
   valve components in 
   each of three mutually 
   perpendicular  
   directions. 

 
 *(h) "g" acceleration acting in horizontal direction. 
**(v) "g" acceleration acting in vertical direction. 
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TABLE 3.9-1 (Cont'd) 
 
 
 Equipment   Operational (1)  Design (1)  Manufacturer Analysis  

Safety and relief (h) 1.50g 3.00g Vibration test approved 
valves (v) 1.00g 2.00g  

Pumps    
charging 
other CVCS 
engineering 
safeguards 
 
 
waste management (2) 
waste gas comp. (2) 

u 
u 
u 
 
 
 
u 
u 

.6/.4 
1.5/1.0 
.26/.18 
 
 
 
1.5/1.0 
.36/.24 

Vendor calculations 
based on specified 
seismic constants 

⎮ 
⎮ 
⎮ 
⎮ 
⎮ 

 

Tanks                                         
 

  

 all code tanks .5/.33 1.01/.66 Vendor calculations 
   based on specified 
   seismic constants 

 ion exchangers u .5/.33 CE calculations based 
   on specified seismic 
   constants with vendor 
   concurrence 

 filters .24/.16 .48/.32 Vendor calculations 
   based on specified 
   seismic constants 

Heat exchangers    
 letdown .11/.073 .22/.146  Vendor calculations 
 regenerative .11/.073 .22/.146  based on specified 
 shutdown .11/.073 .22/.146 seismic constants 

Valves    
 safeties & reliefs u 3.0/3.0  Vendor calculations 
 check & manual u 3.0/3.0  based on specified 
 motor operated u 3.0/3.0  seismic constants 
 pneumatic control u 3.0/3.0  
 diaphragm u 3.0/3.0  

 
 
 (1)In most cases, only the design base seismic constants are specified since the higher acceleration and 
the yield stress limit are a more severe case than the operating base accelerations and the allowable 
stress limit. 
 
(2)These components are not seismically qualified (Cat.I) per PC/M 82061. 
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TABLE 3.9-2 
 

COMPARISON OF STRUCTURAL AND HYDRAULIC DESIGN PARAMETERS 
 
For Historical Information  
 
  Fort 

Calhoun  
Maine 
Yankee  

 
St. Lucie  

 Rmean,  in. 61-5/16 75-1/4   75-1/4 
Upper CSB t,  in. 2 2-1/2     2-1/2 
 L,  in. 101-3/8 135-5/8 135-5/8 

 Rmean, in. 61-1/16 74-7/8   74-7/8 
Middle CSB t,  in. 1-1/2 1-3/4     1-3/4 
 L,  in. 166-1/8 144-3/4 144-3/4 

 Rmean,  in. 60-11/16 74-5/8   74-5/8 
Lower CSB t,  in. 2-1/4 2-1/4     2-1/4 
 L,  in. 35-5/8 38   38 

     
Lower Cyl. ID,  in. Integral 141 141 
Core Cyl. OD,  in. Integral 145 145 
Support Cyl. L,  in. Integral 42   42 
Structure Supported Integral CSB Flange CSB Flange 
     
 
Core Shroud Support 

 
Bolted 
to CSB 

Bolted to 
Core Support 
Plate 

Bolted to 
Core Support 
Plate 

 Rmean,  in. 59-1/16 72-5/8   72-5/8 
Cyl. t,  in. 1-1/2 2     2 

UGS L,  in. 24 24   24 
Beams,  in. 24 x 1-1/2 24 x 1-1/2   24 x 1-1/2 
Plate t,  in. 3-1/4 4     4 

Thermal Shield Yes Yes Yes 
No. of Loops 2 3 2 
Design Min. Flow, 106  lbm/hr 71.7 122 122 
Inlet Design Temp., °F 547 546 544 
Inlet ID, in. 28-3/4 39   35-3/16 
Outlet ID, in. 37 39-5/8   48-1/8 
Inlet Pipe Vel, ft/sec 33.7 39.0   36.5 
Downcomer Vel, ft/sec 25.2 24.9   23.4 
Core Inlet Vel, ft/sec 12.8 12.9   13.5 
Outlet Pipe Vel, ft/sec 41.5 39.0   40.8 
 
 
CSB = Core Support Barrel 
UGS = Upper Guide Structure 
Vel.= Design Minimum Vel. 
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TABLE 3.9-2a 
 

NORMAL OPERATING STATIC HYDRAULIC LOADS  
ON THE CORE SUPPORT BARREL 

 
 

Type of Load   Loading Value   Loading Condition 

Axial Uplift Load  267,000 lb.  (See Table 8.3-4) 
Condition No. 2 

Radial Pressure 
Differential Across 
CSB Wall at Thermal 
Shield Lug 
Elevation 

 29.9 PSI 
(Directed Radially 
Inwards) 

 Condition No. 1 

 
 
 

TABLE 3.9-2b 
 

NORMAL OPERATING CONDITIONS 
FOR CALCULATING HYDRAULIC LOADS 

 
 
 
 
 Parameter 

  Condition No. 1  
 For Maximum 
 Loading 

  Condition No. 2  
 For Minimum 
 Loading  

Inlet Temp  500°F  546°F 

System Flow Rate  130% of PDES  115% of PDES 

Power Level  Zero Power  2700MWt 
 
Design flow range is based on a ~ 7% band about the best estimate measured (Cycle 1) flow rate of 
123% of PDES (324,300 gpm). 
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TABLE 3.9-2c 
  

PRESSURE FLUCTUATIONS  

AT THE INLET NOZZLE STATION  
  

  
T = 548°F  

  
  

Pump Characteristic 
Frequency 

 Peak Pressure 
Fluctuation, Pinlet  

  

 
 
 Description  

 
Value 

 
Psi 

1.  Rotor Speed  15 ± 0.15 

2.  2 x Rotor Speed  30 ± 0.05 

3.  Blade Passing  75 ± 0.64 

4.  2 x Blade Passing  150 ± 0.08 
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TABLE 3.9-3 
 

PIPING LOAD COMBINATIONS 
 

 
 
Loading Condition 

Code Class 1 
 Stresses  

Code Class 2 and 3 
 Stresses  

1. Design Pm ≤ Sm 
PL + Pb ≤ 1.5 Sm 

Hoop stress≤S 
Se ≤ SA where SA = 
f(1.25 Sc + .25 Sh) 

2. Normal(2)  Long stress ≤ Sh 
 (press + Wt) PL + Pb + Pe + Q ≤ 3.0 Sm (1) 

PL + Pb + Pe + Q + F 

= Sp (use fatigue curve) (3) 

 

3. Upset (2,4)  Long stress ≤ 1.2 Sh 
 (press + Wt 
 + OBE + VT) 

PL + Pb + Pe + Q ≤ 3.0 Sm (1) 

PL + Pb + Pe + Q + F 

= Sp (use fatigue curve) (3) 

 

4. Emergency(2) 

 (press + Wt 
 + DBE) 

Max pressure ≤ 1.5 design 

        pressure 

PL + Pb ≤ 2.25 S m 

Max pressure≤1.5 

     design pressure 

Long stress ≤ 1.8 Sh 

5. Faulted (2,5)  
 (press + Wt 
 + DBE + Rup- 

 ture) 

Max pressure ≤ 2.0 design  
pressure 
PL + Pb ≤ 3.0 S m 

Max pressure ≤ 2.0 design 
pressure 
Long stress ≤ 3 Sh 

 

(1) 3.0 Sm may be exceeded in accordance with the rules of Para. 1-705.4 ANSI B 31.7. 

(2) As defined by ANSI B 31.7 Case 70, January 1970 
 
(3) Salt = KE  SP , cumulative usage factor ≤ 1 

                 
2 

(4) Valve transients (VT) as appropriate. These include relief valve opening, relief valve closure, 
and fast valve closure (fast valve closure is not concurrent with OBE). 

 (5) Dynamic loads associated with pipe rupture (jet impingement). 
 
 
 
 
 
 
 
 
 
 
 
 
 3.9-46 



TABLE 3.9-3A 
 

LOADING COMBINATIONS ASME CODE CLASS 2 AND 3 COMPONENTS 

 
Loading Class 2 or 3 Vessels 
 
Combination 

Pressure 
Boundary 

Supports (5) 

1. Design + OBE Pm  Sm(6)  AISC 
 Pm (or P1) + Pb  1.5 Sm(6)  Allowables 

2. Normal + DBE Same as (1) Max. Tens < Yield 
  Max. Shear < 1/2 Yield 

 
 Class 2 Valves Class 3 Valves 
 Pressure 

Boundary 
 

Yoke 
Pressure 
Boundary 

1. Design (1) - (1) 

2. 3.0g Earthquake - Max. Tens < Yield - 

 
 Class 2 Pumps Class 3 Pumps 
 Pressure 

Boundary 
Support 
Bolts 

Pressure 
Boundary 

Support (5) 
Bolts 

1. Design (2) - (2) - 

2. Earthquake (values vary     
   with the pump)   - AISC  - AISC 
  Allowables   Allowables 

(1) Valves meet applicable requirements of draft Pump and Valve Code.  Analyses were performed 
as required by that code. The primary pressure rating, Pr, is not exceeded for any condition, 
including the plant faulted condition. 

 (2) Manufacturers design criteria demonstrated by experience to be satisfactory for the specified 
design conditions.  These components were ordered before issuance of the Pump and Valve 
Code.  They were designed in accordance with the manufacturer's standard methods taking 
into consideration the parameters, as applicable, of operating pressure, temperature, seismic 
transients, and environmental loads that would be experienced by the equipment during plant 
faulted conditions.  Acceptable pipe loadings were established in the pump specification and 
used by the pump vendor and the piping designer to limit nozzle loads.  Testing of the pumps 
included significant loadings where applicable, e. g. transient thermal testing of first of a kind 
safety injection pumps.  The seismic loadings of the safety related pumps was evaluated and 
determined to be non-significant considering the pump locations, seismic response spectra, 
pump configuration and method of support. 

 (3) Design measures such as pipe restraints, barriers and component isolation are provided, where 
necessary, to limit the loadings during the plant faulted condition to values not exceeding those 
applied in design.  It must be noted that components within faulted systems that are not 
required to function subsequent to loss of the system need only retain their pressure retaining 
boundary. 

(4) These supplementary design loading combinations and design stress criteria are applied and 
evaluated independently of all other design conditions. 
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TABLE 3.9-3A (con't.) 
 

(5) Loading conditions, i.e., Seismic, Tornado or Hurricane (as appropriate) plus normal operating 
loadings are considered. Allowables employed by the component manufacturer for support 
materials varied from 1.33 normal allowable stresses to yield stresses as listed in ASME or 
AISC codes. 

(6) Loading combinations shown are for the original equipment design Codes.  The new Unit 1  
ICW/CCW Strainers installed by PC/M 02025 utilize later NRC approved editions of the ASME  
Code along with St. Lucie Unit 2 defined load combinations.  
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TABLE 3.9-3B  
  

CORE SUPPORT BARREL MIDDLE CYLINDER CODE ANALYSIS RESULTS 
 
Normal Operation Plus Upset Conditions  

  
  
Stress Category  

 
Calculated Stress* 

 
Allowable Stress 

  psi psi 

Pm  6,100 16,100 

Pm + Pb  8,100 20,700 

Pm + Pb + Q  23,800 48,300 

Fatigue Usage  
Factor < 1  
  

  

  

* Includes Normal Operating Pressure plus OBE 
  
  
Faulted Condition  
  
  
Stress Category  

 
Calculated Stress** 

 
Allowable Stress 

  psi psi 

Pm  8,500 38,600 

Pm + Pb  

  
43,800 49,700 

 
** Includes SSE plus LOCA 
 
Pm = Membrane Stress 
 
Pb = Bending Stress 
 
Q  = Secondary Stress 
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TABLE 3.9-4 
 

DESIGN LOADING CONDITIONS 
 

1.  AUXILIARY FEEDWATER SYSTEM 

A. PUMPS 

 1. Design 
  Motor Driven Turbine Driven 

 Quantity 2 1 

 Capacity, gpm 325 600 

 Head, ft 2660 2600 

 Fluid water water 

 Temperature   
      Maximum, F 120 120 
      Minimum, F 40 40 

2. Loading Conditions 
Internal pressure and mechanical forces 
Nozzle loadings 
Tornado winds of 360 mph and 3.00 psi depression in 3 seconds  
Hurricane winds of 194 mph and 1.5 psi depression 

3. Code 
ASME Section III, Code Class 3 

B. PIPING 

1. Design 

Pump Suction 
  Pressure, psig 100 
  Temperature, F 200 

 Pump Discharge 
  Motor Driven Turbine Driven 

 Pressure, psig 1465 1420 
 Temperature 
       Maximum, F 500 500 
      Minimum, F 150 150 

 Material - Carbon Steel ASTM A106 Gr B 
 4 in. and 6 in. - Schedule 80 
 2 in. and 1-1/2 in. - Schedule 160 

2. Loading Conditions 
 Internal Pressure and Dead Weight Seismic Loadings 

3. Code 
 B 31.7 Code Class 2 & 3 
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TABLE 3.9-4 (Cont’d) 
 

1.  AUXILIARY FEEDWATER SYSTEM (Cont’d) 

C. VALVES1 

 1. Design 
Pump Suction - 150 lb ANSI rating  
Pump Discharge - 600 lb ANSI rating  
Material - Body and Bonnet - Carbon Steel 

 2. Loading Conditions 

Same as piping 

1a.  DIESEL GENERATOR FUEL OIL SYSTEM 

A. PUMPS:    Quantity 2 

1. Design 

Pump Discharge - 30 psig 

Capacity - 25 gpm 

Fluid - Diesel oil 

2. Loading Conditions 

Internal pressure and dead weight 

Nozzle loadings from connected piping 

Tornado winds of 360 mph and 3.0 psi depression in 3 sec.   

Hurricane winds of 194 mph and 1.5 psi depression  

Seismic loadings 

3. Code 

ASME Section III, code class 3 
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TABLE 3.9-4 (Cont’d) 
 

1a.  DIESEL GENERATOR FUEL OIL SYSTEM (Cont’d) 

B. STORAGE TANKS 

1. Design 

Capacity - 20,593 gallons 

Material - Carbon Steel 

Pressure - Atmospheric 

Temperature - 125°F 

2. Loading Conditions 

Internal pressure and dead weight 

Nozzle loadings from connected piping 

Hurricane winds of 194 mph and 1.5 psi depression 

Seismic loadings 

3. Code 

API 620 

C. PIPING & VALVES1 

1. Design 

Suction - 150  psig 

Discharge - 150  psig 

Material - Carbon Steel 

2. Loading Conditions 

Internal Pressure and Dead Weight Seismic Loadings 

3. Code 

ASME Section III, code class  3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.9-51 Amendment No. 25 (04/12) 



TABLE 3.9-4 (Cont'd) 
 

2.  COMPONENT COOLING SYSTEM 

A. PUMPS: 3 Required 

1. Design 

TDH, ft - 177 
Temperature 
 Maximum, F - 185 
 Minimum, F -  65 
Capacity, gpm - 8500 
Fluid - Demineralized water 

2. Loading Conditions 
Internal pressure and mechanical forces 
Nozzle loadings winds of 360 mph and 3.00 psi depression in 3 seconds  
Hurricane winds of 194 mph and 1.5 psi depression  
Seismic Loadings 

3. Codes 
Standards of the Hydraulic Institute 
ASME Section VIII and IX 
NPVC Class III 

B.  HEAT EXCHANGERS 

1. Design 

   Tube   Shell  

 Pressure, psig 90 150 

Temperature, F 150 185 

Material Aluminum - Brass ASTM A515, Gr 70 
  SB-111 Alloy 
  No. 687 

2. Loading Conditions 
Same as pump requirements 

3. Codes 
ASME Section VIII, TEMA Class R  
ASME Section III, Class III 

 
 
 
 
 
  3.9-52 



TABLE 3.9-4 (Cont'd) 
 

2.  COMPONENT COOLING SYSTEM (Cont’d) 

C. PIPING 

1. Design 

Piping Material - Carbon steel, ASTM A106, Gr B Seamless  

Design pressure, psig - 150 

Design temperature, °F -  200 

2. Loading Conditions 

Internal pressure and dead weight 

Seismic 

D. VALVES1 

1. Design 

2-1/2 inches and larger 
a. Gate and globe   - Carbon steel, butt weld ends,  
    ANSI 150 psi 
b. Check and butterfly - Carbon steel, flanged,  
    ANSI 150 psi 

2 inches and smaller - Carbon steel, socket weld ends,  
    ANSI 150 to 600 psi 

2. Loading Conditions 
Internal pressure and dead weight 
Seismic loadings 

3. Codes 
   -  ANSI B31.1 and ANSI B31.7,  
    Class III, Penetration Piping  
    is designed and fabricated to  
    ANSI B31.7, Class I and II 

   -  Nuclear Pump and Valve Code 
     Class I, II and III as applicable 

 
 
 
 
 
 
 
 
 
 3.9-53 Amendment No. 25 (04/12) 



TABLE 3.9-4 (Cont'd) 
 

3.  CONTAINMENT SPRAY SYSTEM 

A. PUMPS:  2 Required 

1. Design 
TDH, ft  -  470 
Temperature, F 
 Maximum   -   300 
 Minimum  -     40 
 Transient 40 to 250 in 10 seconds 
Capacity, gpm  -  2750 (including 50 gpm minimum recirculation)1 

2. Fluid pumped - borated water concentration - 1900 ppm  

3. Material - 304 or 316 stainless steel (casing and impeller) 

4. Loading Conditions 
Located inside a seismic Class I structure; no wind loadings 
 Internal pressure and deadweight 
 Thermal loadings 
 Nozzle loadings from connected piping 
 Seismic loadings 

5. Codes 
ASME Nuclear Pump and Valve Code 
Standards of Hydraulic Institute 

B.  SPRAY NOZZLES: 178 per spray header 

1. Pressure, psig 
 80 to 85 at nozzle 
 40 maximum back pressure 

2. Fluid - Demineralized water with 1900 to 2150 ppm boron 

3.  Material - 304 stainless steel 

4. Loading Conditions - same as above except for nozzle loads from connected 
piping 

5. Codes 
ASME, ASTM, ANSI 

 
 
 
 
 
 3.9-54 Amendment No. 26 (11/13)

                                                      
1 As a result of modifications to the containment spray system, the system design point is different 
than the original design point, as revised in Chapter 6, and the minimum recirculation flow rate is 
increased to > 150 gpm.  This has no impact on the original pump design. 



TABLE 3.9-4 (Cont'd) 
 

CONTAINMENT SPRAY SYSTEM (Cont’d) 

C. VALVES1 

1. Design 
Temperature, °F - 300  
Pressure, psig 
 60 suction side   
 500/550 discharge side 
Material - 304 or 316 stainless steel  
2-1/2 inches and larger 
 150 lb design suction side  
 300 lb design discharge side 
2 inches and smaller 
 150 lb to 600 lb design 

2. Loading Conditions 
Internal pressure and dead weight 
Seismic loadings 
Thermal loadings 

3.  Code – Draft ASME Code for Pumps and Valves for Nuclear Power (dated 
November 1968) 

D. PIPING 

1. Design 
Pressure,  psig 
 60 suction   
 500 discharge 
 (some sections upgraded to 550 psig per PC/M 01059)  
Temperature, °F  -  300 
Material  -  304 or 316 stainless steel 
Suction Side 
 2 inches and smaller - Schedule 40 S wall  
 2-1/2 inches - 12 inches - Schedule 10 S or higher wall  
 14 inches - 24 inches - 0.250 nominal wall 
Discharge  Side 
 6 inches and smaller - Schedule 40 S or higher wall  
 8-12 inches - 0.250 or higher inches nominal wall 

2. Loading Conditions 
Same as for  valves 

3. Code - ANSI B31.7, Class II, 1969 
 
 
 3.9-55 Amendment No. 26 (11/13) 



TABLE 3.9-4 (Cont'd) 
 

4.  INTAKE COOLING WATER SYSTEM 

A. PUMPS:    3 Required 

1. Design 

Capacity, gpm - 14,500 
TDH, feet - 130 
Fluid Temperature, °F - 40 to 95 
Fluid pumped - Seawater - Specific gravity 1.03 
Shutoff head, feet - 200 
Material - 316 Stainless Steel - Case, impeller, and shaft 

2. Loading Conditions 
Tornado winds of 360 mph and atmospheric depression of 3.00 psi in 3 seconds 
Hurricane winds of 194 mph and atmospheric depression of 1.5 psi 
Ocean wave runups to elevation +22 feet 
Internal pressure and dead weight 
Seismic Loadings 

3. Codes 
Standards of the Hydraulic Institute, ASME Section VIII, ASTM, ANSI, Nuclear Pump and 
Valve Code Class III. 

B. VALVES1 

1. Design 

Pressure, psig - 100  

Temperature, °F - 30 to 120  

Fluid - Seawater  

Material 
Body - Carbon steel - ASTM A-285, Gr C or A-36 Cast steel - ASTM A-216, Gr 

WCB, Stainless steel  
Disc - Ductile Ni-resist ASTM A-439, Type D-2 or Ni-resist ASTM A-436, Type 1 
Shaft  - SS ASTM A-276, Gr T 316 
(2-1/2 inches and smaller are bronze-screwed or Stainless steel)   

2. Loading Conditions 

Same as for piping 

3. Codes  -  ASME Draft Nuclear Pump and Valve Code 
 
 
 
 
 
 
 
 
 
 3.9-56 Amendment No. 25 (04/12) 



TABLE 3.9-4 (Cont'd) 
 

INTAKE COOLING WATER SYSTEM (Cont’d) 

C. PIPING 

1. Design 

Pressures, psig  -  100 

Temperatures F  -  125 

Material 

14 in. and larger - 3/8 in. wall with 1/8 in. cement lining and/or 
20 mils epoxy lining, Stainless steel  

3-12 in. -  Carbon steel std wall pipe with 1/8 in. 
cement lining and/or 20 mils epoxy lining, 
Stainless steel  

2-1/2 in. and under -  Aluminum brass  -   ASTM, Stainless steel  

2. Loading Conditions 

Internal pressure and dead weight 

Seismic loadings for seismic Class I portions only 

3. Codes 

ANSI B31.7, Class III and B31.1 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.9-57 Amendment No. 21 (12/05) 



TABLE 3.9-4 (Cont'd) 
 

5.  SAFETY INJECTION SYSTEM 

A. HIGH PRESSURE SAFETY INJECTION PUMPS:  Quantity 3 

1. Design 

Capacity, gpm - 345 (including by pass Flow)  

TDH, ft - 2500 

Temperature, F 
 minimum - 40  
 maximum - 270  

Thermal Transient, F 
   40 to 270 in 10 seconds 
 270 to 40 in 10 seconds 

Fluid Pumped: borated water, 1900 ppm (min) 

Material - ASTM SA351-CF-3M 

2. Loading Conditions 

Internal pressure and dead weight 

Nozzle loadings from connecting pipes including thermal loadings 

Transient loadings including thermal loadings 

Seismic loadings 

3. Codes 

API standard 610, 1965 Centrifugal Pumps for General Refinery Service 

Standards of Hydraulic Institute 

B. LOW PRESSURE SAFETY INJECTION PUMPS:    Quantity 2 

1. Design 

Capacity, gpm - 3050 (including by pass Flow) 

TDH, ft - 350 

Temperature, F 
 minimum - 40 
 maximum - 350 

Thermal Transient, F 
   40 to 300 in 1 minute 
 300 to 40 in several hours 

Fluid pumped:  borated water, 1900 ppm (min) 

Material - ASTM SA351-CF3M 
 
 
 
 3.9-58 Amendment No. 26 (11/13) 



TABLE 3.9-4 (Cont'd) 
 

5.  SAFETY INJECTION SYSTEM 

 

2. Loading Conditions 
Same as high pressure safety injection pumps 

3. Codes 
Same as high pressure safety injection pumps 

C.  CHECK VALVES1:    Quantity 2 (LP safety injection suction) 

1. Design 

Tag No.  - V07000 
    V07001 
Temperature, °F  -  350 
Pressure, psig  -  300 
Material  - 304 stainless steel 
Type   -  300 lb ANSI 

2. Loading Conditions 
Internal pressure and dead weight 
Transient loadings including thermal loading 
Seismic loadings 

3. Code 
Seismic Class I 
NPVC Class II 

D. SAFETY RELIEF VALVES1:    Quantity 2 (LP safety injection suction) 

1. Design 
Tag No. - SR-07-1A 
   - SR-07-1B 
Pressure, psig  - 60 
Temperature, °F  - 350 
Material - 316 stainless steel 

2. Loading Conditions 
Same as high pressure safety injection pumps 

3. Code 
Seismic Class I 
NPVC Class II 

 
 
 
 
 
 
 
 3.9-59 Amendment No. 25 (04/12) 



TABLE 3.9-4 (Cont’d) 
 

SAFETY INJECTION SYSTEM (Cont’d) 

E. SHUTDOWN HEAT EXCHANGERS:    Quantity 2, 

1. Design 

Pressure, psig  -  550/150   

Temperature, F  -  400/250  

Material shell, carbon steel 
 tube, austenitic stainless steel 

2.  Loading Conditions 

Same as high pressure safety injection pumps 

3. Code 

ASME Section III, Class C, Shell and Tube Sides 

F. SAFETY INJECTION TANKS:    Quantity 4 

1. Design 

Pressure, psig - 280  

Temperature, F - 200  

Material - SA264 

2. Loading Conditions 

Internal pressure and deadweight 

Nozzle loadings from connecting pipes including 

thermal loadings 

Seismic loadings 

3.  Code 

ASME Section III, Class C 

6.  WASTE MANAGEMENT SYSTEM 

A. TANKS 

1. Design 

a. Gas Surge 
 Pressure, psig - 40 
 Temperature, F - 200 

 
 
 
 
 3.9-60 Amendment No. 26 (11/13) 



TABLE 3.9-4 (Cont'd) 
 

WASTE MANAGEMENT SYSTEM (Cont’d) 

b. Gas Decay 
 Pressure, psig - 190  
 Temperature, F - 250  

c. Spent Resin 
 Pressure, psig - 50 
 Temperature, F - 200 

d. Flash 
 Pressure, psig- 70 internal, 15 external  
  Temperature, F- 250 

2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loadings 
Seismic loadings 
Same as purification filter for flash tank 

3. Code ASME Section III, Class C 

B. REACTOR DRAIN PUMPS    Quantity 2 

1. Design 

Capacity, gpm - 50 
Head, ft - 140 
Temperature, F 
minimum - 70 
maximum - 150 

2. Code 

Draft ASME Code for Pumps & Valves for Nuclear Power, 
Nov. 1968, Class III, Issued for Trial Use & Comment 

C. REACTOR DRAIN TANK 

1. Design 

Pressure, psig - 25 internal, 15 external 
Temperature, F - 250 

2. Code* 

ASME Section III, Class C 
 
 
 
 
 
 3.9-61 Amendment No. 18, (04/01) 



TABLE 3.9-4 (Cont'd) 
 

WASTE MANAGEMENT SYSTEM (Cont’d) 

D. HOLDUP TANK 

1. Design 

Pressure, psig - 10 internal, 2 external 
Temperature, F - 240 

2. Code 

ASME Section VIII, Div. 1 

 
E. ION EXCHANGERS (PRECONCENTRATOR AND BORIC ACID CONDENSATE ) 

1. Design 

Pressure, psig - 150 
Temperature, - 250 

2. Code 

ASME Section VIII, Div. 1 

F. PRECONCENTRATOR FILTER 

1. Design 

Pressure, psig - 150 
Temperature, F - 240 

2. Code 

ASME Section III, Class ‘C’  

7.  FUEL POOL SYSTEM 

A. HEAT EXCHANGER:    Quantity 1 

1. Design 

Pressure, psig - 150/75 
Temperature, F - 250 
Materials shell side  -  carbon steel 
   tube side   -  austenitic stainless steel 

2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loading 
Seismic loadings 

3. Code ASME Section III, Class C, Shell and Tube Sides 

 3.9-62 Amendment No. 18, (04/01) 



TABLE 3.9-4 (Cont'd) 
 

FUEL POOL SYSTEM (Cont’d) 

B. ION EXCHANGER:    Quantity 1 

1. Design 

Pressure, psig - 200 
Temperature, F - 250 
Material - 304 stainless steel 

2. Loading Conditions 

Same as heat exchanger 

3. Code 

ASME Section VIII, Div. 1 

C. FILTER:    Quantity 1 

1. Design 

Pressure, psig - 150 

Temperature, F - 200 

2. Loading Conditions 

Same as heat exchanger 

3. Code 

ASME Section VIII, Div. 1 

D. PIPING 

ASME Section B31.1 

E. PUMPS:    Quantity 3 

Fuel Pool (2) - Draft ASME Code for Pumps & Valves for Nuclear 
Power, Nov. 1968, Class III, Issued for Trial Use & 
Comment 

Purification (1)  - Draft ASME Code for Pumps & Valves for Nuclear 
Power, Nov. 1968, Class III, Issued for Trial Use & 
Comment 

 
 
 
 
 
 
 3.9-63 Amendment No. 17 (10/99) 



TABLE 3.9-4 (Cont'd) 
 

8.  CHEMICAL AND VOLUME CONTROL SYSTEM 

A. REGENERATIVE HEAT EXCHANGER    Quantity 1 

1. Design 

Pressure, psig - 3025/2485 
Temperature, F - 650 
Material  - Tube side - austenitic stainless steel 
    Shell side - austenitic stainless-steel 

2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loadings 
Transient loadings including thermal loadings Seismic loadings 

3. Code 

ASME Section III, Class C 

B. LETDOWN HEAT EXCHANGER    Quantity 1 

1. Design 

Pressure, psig - 650/150 
Temperature, F - 550/250 
Material - Tube side - austenitic stainless steel 
        Shell side - carbon steel 

2. Loading Conditions 

Same as regenerative heat exchanger 

3. Code 

ASME Section III, Class C 

C. ION EXCHANGERS (PURIFICATION AND DEBORATING)    Quantity 3 

1. Design 

Pressure, psig - 200 
Temperature, F - 250 
Material - 304 stainless steel 

 
  2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loadings 
Seismic loadings 

 
 
 3.9-64 Amendment No. 17 (10/99) 



TABLE 3.9-4 (Cont'd) 
 

CHEMICAL AND VOLUME CONTROL SYSTEM (Cont’d) 

3. Code 

ASME Section III, Class C 

D. PURIFICATION FILTERS    Quantity 2 

1. Design 

Pressure, psig - 200 
Temperature, F - 250 

2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loadings 
Seismic loadings 

3. Code* 

ASME Section III, Class C 

E. TANKS (VOLUME CONTROL)    Quantity 1   

1. Design 

Pressure, psig - 75 internal, 15 external Temperature, F - 250 

2. Loading Conditions 

Same as purification filter 

3. Code*  

ASME Section III, Class C 

F. BORIC ACID MAKE UP TANKS 

1. Design 

Pressure, psig - 15 internal, 0 external 
Temperature, F - 200 
Material - SA 240 TP 304 
 
 

_____________ 
* Original procurement information 

 
 

 3.9-65 Amendment No. 18, (04/01) 



TABLE 3.9-4 (Cont'd) 
 

8.  CHEMICAL AND VOLUME CONTROL SYSTEM (Cont’d) 
 

2. Loading Conditions 

Internal pressure and dead weight 
Nozzle loadings from connecting pipes including thermal loadings 
Transient loadings including thermal loadings 
Seismic loadings 

3. Code 

ASME Section III, Class C 

G. BORIC ACID MAKEUP PUMPS    Quantity 2 

1. Design 

Pressure, psig - 150 
Temperature, °F - 250 

2. Loading Conditions - same as F. 

3. Code 
 
Draft ASME Code for Pumps & Valves for Nuclear Power, Nov. 1968, Class II, Issued for Trial Use & 
Comment 
 
 
 
Notes:  
 
1. Material designation and pressure classes will be changing for safety related valves (2 inches  

and smaller) in accordance with PC/M 92282.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.9-66 Amendment No. 25 (04/12) 



TABLE 3.9-5 
 

ACTIVE PUMPS AND VALVES OUTSIDE 
REACTOR COOLANT PRESSURE BOUNDARY 

Pumps 

 High Pressure Safety Injection (2)* 

 Low Pressure Safety Injection (2) 

 Containment Spray (2) 

 Charging (3) 

 Boric Acid Makeup (2) 

 Component Cooling (3) 

 Intake Cooling (3) 

 Auxiliary Feedwater (3) 

Valves 

 High Pressure Safety Injection (8) 

 Low Pressure Safety Injection (4) 

 Containment Spray (2) 

 Iodine Removal Flow Control (2) (option) 

 Shutdown Cooling Heat Exchanger 

 Shutdown Cooling Heat Exchanger Flow Control 

 Component Cooling (6) 

 Intake Cooling (4)  

 Auxiliary Feedwater (4) 

 Main Steam Line (2) 

 Containment Isolation 
 
 
 
*Note: HPSI pump 1C has been abandoned in place and isolated by locked closed valves. 
 
 
 
 
 
 
 
 3.9-67 Amendment No. 21 (12/05) 



Table 3.9-6 
 

ST. LUCIE UNIT 1 VALVES WITHIN THE SCOPE OF GENERIC LETTER 89-10 

 
 VALVE #  VALVE #  

 V1403  MV-03-1A  
 V1405  MV-03-1B  
 V2501  MV-03-2  
 V2504  MV-07-1A  
 V2508  MV-07-1B  
 V2509  MV-07-2A  
 V2514  MV-07-2B  
   MV-08-1A   
 V3206  MV-08-1B  
 V3207  MV-08-3  
 V3432  MV-08-13  
 V3444  MV-08-14  
 V3452  MV-09-1  
 V3453  MV-09-2   
 V3456     
 V3457     
  V3480  MV-09-9  
 V3481  MV-09-10  
 HCV-3615  MV-09-11  
 HCV-3616  MV-09-12  
 HCV-3617      
 HCV-3625      
 HCV-3626       
 HCV-3627       
 HCV-3635       
 HCV-3636       
 HCV-3637       
 HCV-3645      
 HCV-3646      
 HCV-3647      
 V3651  MV-15-1  
 V3652  MV-18-1  
 V3654  MV-21-2  
 V3656  MV-21-3  
 V3659     
 V3660    
 V3662    
 V3663    
 
 
 
 
 3.9-68 Amendment No. 22 (05/07) 
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3.10  SEISMIC DESIGN OF CLASS I INSTRUMENTATION AND  

ELECTRICAL EQUIPMENT 

3.10.1  SEISMIC CRITERIA 
 
Instrumentation and electrical equipment associated with the reactor protective system, engineered 
safety features actuation system (ESFAS) and on-site emergency power system is designed as 
seismic Class I to ensure their ability to initiate protective action during, and following a design basis 
earthquake (DBE) and to supply standby electrical power following a DBE to components required to 
mitigate the consequences of a LOCA. 
 
Safety related cable tray support systems are designed to the following 
seismic criteria: 

a) Class I electrical cable tray support structural integrity shall not be violated during a design 
basis earthquake 

b) Cable tray support design shall be such that the natural frequency of the loaded tray support 
system is not in resonance with the seismic forcing function 

c) Analysis shall verify that loaded trays between the maximum support span can withstand 
seismic accelerations 

d) Acceleration response spectra utilized in the analysis shall represent the response spectra for 
the floor elevation to which the supports are welded 

e) All safety related cable tray supports shall be fabricated by a vendor who has been qualified to 
manufacture material for seismic Class I service. 

3.10.2  SEISMIC QUALIFICATION OF COMPONENTS 
 
Purchase specifications for seismic Class I instrumentation and electrical equipment contain 
horizontal and vertical seismic acceleration values based on the DBE spectra for the equipment 
location. 
 
Where there is a possibility of amplification or the floor response acceleration due to equipment 
supports, the specified acceleration values are increased to account for such amplification. 
 
The vendors are also supplied the floor response spectra for the equipment location.  The vendors 
are required to ensure that the natural period of vibration of the component does not fall within the 
critical frequency range of the floor response spectra.  The vendors are required to submit 
qualification data which demonstrate that the component is capable of functioning under the specified 
seismic loadings.  The qualification data may consist of prototype test results, mathematical analysis 
or operational experience. 
 
 
 
 
 
 
 
 
 
 
  3.10-1         Amendment No. 24 (06/10) 



Table 3.10-1 lists seismic qualification data for Class I instrumentation and electrical components of 
the reactor protective system, ESFAS and emergency power system.  The table lists the specified 
seismic acceleration values, the type of qualification performed and the acceleration values for which 
each component was qualified.   Where tests were performed, the testing generally consisted of 
shock table vibration tests.  Such tests were performed over a range of frequencies corresponding to 
the expected range of seismic frequencies associated with the DBE. 
 
Vendors were required to submit documentation of the seismic qualification of each component.   
This documentation consists of certification that the component is capable of functioning during and 
following the specified seismic loading together with the mathematical calculations or test results. 
 
The seismic qualification provisions generally meet the requirements of IEEE-344-1971, "IEEE Guide 
for Seismic Qualification of Class IE 1E Electric Equipment for Nuclear Power Generating Stations," 
although the guide was not in existence at the time of issuance of the Hutchinson Island plant 
construction permit and is therefore not included as a specific requirement in the purchase 
specifications. 
 
References 1 through 7 contain vibration data for electrical and instrumentation equipment that have 
been seismically tested and are directly applicable to the St. Lucie Plant (formerly Hutchinson Island).  
The floor response spectra for each of the buildings housing seismic class I instrumentation and 
electrical equipment, shown on Figures 3.7-12 through 3.7-24, falls within the test response spectra 
envelope presented in Figure 7 of Reference 1 indicating that the test conditions were more severe 
than that would be experienced during a postulated DBE. 
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REFERENCES FOR SECTION  3.10 

1) CENPD-61, "Seismic Qualification of Category I Electric Equipment for Nuclear Steam Supply 
Systems," November 1972. 

2) CENPD-61 (Supplement 1) Same title, not dated 

3) CENPD-61 (Supplement 2) Same title, February 19, 1973 

4) CENPD-61 (Supplement 3) Same Title , March 2, 1973 

5) CENPD-61 (Supplement 3) Rev. 1, March 2, 1973 

6) CENPD-61 (Supplement 4) Same Title, Not dated 

7) CENPD-61 (Supplement 5) Same Title, August 23, 1973 
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TABLE 3.10-1 
 

SEISMIC QUALIFICATION DATA FOR CLASS I INSTRUMENTATION 

 AND ELECTRICAL EQUIPMENT 
  

   Specified Accelerations  Vendor's Seismic   Accelerations    
 Horizontal Vertical Qualifications Used in Vendor's  

 Component  (g)   (g)   Procedures   Program  NOTES 
 

Cable Tray Supports:      
a) Reactor Auxiliary Building 0.52 0.34    
b) Reactor Building 0.3 0.2    

Emergency Power System:      
a) Diesel generator sets 0.3 0.2 Calculations Specified values 4 
b)  Diesel generator control 

panels 
0.3 0.2 Test Specified values  

c) 4.16 kv switchgear 0.3 0.1 Test Specified values 3 
d) 480 v switchgear 0.3 0.1 Test  Specified values 3 
e) 480 v MCCs  0.3 0.1 Test 0.5 g over a frequency of  

5 - 500Hz 
3 

f) 125 v ac and dc panels 0.3 0.1 Test Specified values 3 
g) Station battery cells 0.41 0.34 Test Per Wyle Laboratories 

Test Program No.43450-1 
3  

h) Battery Racks 0.41 0.34 Test Per Wyle Laboratories 
Test Program No.43450-1 

4 

i) Battery chargers 0.3 0.1 Test 1.96 g (hor); 
1.28 g (vert) 

3 

j) Instrument Inverters 0.3 0.1 Test 1.96 g (hor); 
0.5  g (vert) 

3, 5  

k) Penetration assemblies 0.23 0.15 Test Specified values 3 
 Penetration assemblies  (C3,  0.23 0.15 Calculation Specified values 4 
 C6, D10)      
l) Station service transformers  0.3 0.1 Test Per Wyle Seismic  

Report 48916-1 
3 
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TABLE  3.10-1 (Cont'd) 
 

 Specified Accelerations  Vendor's Seismic   Accelerations    
 Horizontal Vertical Qualifications Used in Vendor's  

   Component  (g)   (g)  Procedures   Program  NOTES 
 

Engineered Safety Features       

Actuation System (ESFAS):      

a) Pressurizer pressure sensors   Test  1 

b) Steam generator pressure sensors   Test  1 

c) Containment pressure sensors   0.4   0.27  Test 1.0 g (hor); 
1.0 g (vert) 

 

d) Containment radiation sensors  1.5 1.0 Test Specified values 
over a frequency of 
5 - 60 Hz 

 

e) Refueling water tank level 
 sensors 

0.5 0.33 Test 1.0 g (hor); 
1.0 g (vert) 

 

f) Measurement cabinets 0.8 0.6 Test & Calculation Specified values 3,4 

g) Actuation cabinets 0.8 0.6 Test & Calculation Specified values 3,4 

Reactor Protective System     1 

Reactor Turbine 
 Generator Board 

 
0.3 

 
0.3 

 
Prototype Test 

 
Specified  values 

 
2 

 
NOTES: 1) Seismic qualification data included in C-E report CENPD 61 referenced in Section 1.6. 

2) Includes all safety related devices and annunciators mounted on the board. 

3) Refer to Appendix 3B for a summary of test results for original equipment. 

4) Calculations reviewed as discussed in Section 3.7.5. 

5) Wyle Test Report 53116-1 (3/14/06) (Inverters 1A and 1C only)  
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3.11  ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT 
 
St. Lucie Unit 1 was originally required to meet IEEE 323-1971 for the environmental qualification of 
equipment. In January 1980 the NRC issued IE Bulletin 79-01B to which FPL responded. In February 
1983, Congress codified the requirements for the environmental qualification of electrical equipment  
in Chapter 10, Part 50, Section 49 of the Code of Federal Regulations (10 CFR 50.49). This section 
required all holders of an operating license issued prior to February 22, 1983 to develop and 
complete a program for the qualification of equipment subject to 10 CFR 50.49 by the end of the 
second refueling outage after March 31, 1982 or by March 31, 1985 whichever came first. 
 
Pursuant to the requirements of 10 CFR 50.49, FPL has established a program for qualifying the 
electrical equipment defined in paragraph (b) of 50.49. The list of equipment subject to these 
requirements is provided in drawing 8770-A-450, Environmental Qualification (EQ) List for 
10 CFR 50.49 Environmental Qualification Documentation Packages (Doc Pacs, drawing series 
8770-A-451) provide the qualification documentation for this equipment. Doc Pac 1000 (drawing 
8770-A-451-1000) provides the "design basis" for the program. 
 
The remainder of Section 3.11 provides the original environmental design of mechanical and 
electrical equipment. In cases where this section overlaps with 10 CFR 50.49, the EQ List and Doc 
Pacs described above supersede the information provided here. Therefore, the EQ List and 
appropriate Doc Pacs should be consulted prior to use of the information in the remainder of this 
section. 
 
Pursuant to the requirements of IE Bulletin 79-01B FPL reevaluated the environmental qualification of 
equipment used for accident mitigation or post-accident monitoring irrespective of whether it is 
categorized as Class 1E or not. This equipment was evaluated against the Enclosure 4 Guidelines of 
the bulletin as discussed in the phase II report responding to the bulletin. The evaluation included a 
detailed review of the design basis accident service conditions during which accident mitigating and 
post-accident monitoring equipment is required to function and qualification test reports were 
reviewed to ensure the equipment was tested within those service conditions. 

The service conditions considered were: 

1) Inside Containment for a Loss of Coolant Accident 

 Application of the Enclosure 4 Guidelines in this case reveals that the environmental conditions 
of temperature, pressure, humidity for the long-term (180 days), radiation for up to one year 
and short-term (up to 15 minutes) given in Section 3.11.1 are applicable. 

 Clarification of these guidelines were provided as follows: 

a) For beta radiation dose a demonstration was provided, as part of the auditible 
records, showing that the total beta dose is less than 10 percent of the total 
gamma dose. This allows equipment which is qualified for the total radiation 
environment (gamma plus beta). 
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3.11 ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL EQUIPMENT (Cont'd) 

b) Refinements were made in some cases to the equipment operability times and 
resulting service conditions at these times. Certain items, such as containment 
isolation valves and SIAS/CIAS transmitters, are required to function for only a 
short period of time at the onset of the accident and having performed their 
function are no longer required. Thus the service conditions used for qualification 
were well below the maximum DBA-LOCA conditions of 36.1 psig and 256.6F. 

c) The flood level considered for submergence of equipment (27.3 feet) is that level 
resulting from injection of the entire useable volume of the Refueling Water Tank 
into containment. The actual maximum level would be approximately 2 feet lower. 

d) The pH of the containment spray is maintained between about 7.89 and 9.49 
during both injection and recirculation by the addition of sodium hydroxide.  This 
chemical spray environment was considered to exist for only a limited period 
following which the equipment begins to dry. 

2) Inside Containment for Main Steam Line Break 
 
 Per Enclosure 4 Guidelines, the Chapter 15 analyses are adequate to 
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determine the steam/air pressure and temperature service conditions for a DBA-MSLB. 
 
 Clarification of these guidelines were provided as follows: 

a) For the worst case MSLB accident the containment atmospheric temperature 
exceeds that given in Table 3.11-1 for approximately 40 seconds. This 
temperature (290°F) was not used as a basis for environmental qualification of 
electrical equipment due to the extremely short time of the transient as discussed 
in Subsection 6.2.1.3. 

b) MSLB radiation, submergence and spray qualification parameters are enveloped 
by or analogous to those described for a LOCA above. 

3) Service Conditions Outside Containment 

 Per Enclosure 4 Guidelines this service condition was split into 3 parts: 

a) Areas Subject to a Severe Environment as a Result of a High Energy Line Break 

 Enclosure 4 states that electrical equipment located in these areas should be 
qualified for the service conditions reviewed and approved in the HELB Safety 
Evaluation Report for each specific plant. 

 This was interpreted to allow the use of the accident environments specified in 
Appendices 3C and 3D for ruptures outside containment of a main steam line, a 
main feedwater line, a steam generator blowdown line, an auxiliary steam line, a 
CVCS letdown line, and a CVCS charging line. The appendices did not discuss a 
rupture in the auxiliary feedwater system. This was added and the environment 
specified as follows. Up to 120°F; 14.7 psia since an outside area; up to 100% 
relative humidity only if the break is directed towards equipment under 
consideration. 

b) Area Where Fluids are Recirculated from Inside Containment to Accomplish Long-
Term Cooling Following a LOCA 

 Enclosure 4 states that temperature and pressure should be based on plant 
unique analysis, that one hundred percent humidity should be considered in 
confined spaces, and that radiation service conditions must be evaluated on a 
case by case basis.  

 The guidelines were clarified to limit the area to the ECCS area. ECCS leakage 
was expected to be minimal and HVAC systems were assumed to operate, thus 
pressure/temperature/humidity values remain near ambient conditions. Equipment 
radiation dose maps were generated which account for radiation due to circulation 
of post LOCA sump fluid. The source terms were based on NUREG-0578 
guidance. 

c) Areas Normally Maintained at Room Conditions 
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 Enclosure 4 states that equipment in these areas does not experience significant 
stress due to a change in service conditions during a design basis event and that 
failures are expected to be random. 

 No accident mitigating or post-accident monitoring equipment was reviewed for 
these areas per guidance provided in Question/Answer No. 1 of the IE Bulletin 79-
01B Supplemental Information dated 2/29/80, and in the NRC Regional Meetings 
held July 14-17, 1980. 

 
The results of this evaluation were reported in References 2, 3, 4 and 6. Certain components failed to 
meet this criteria. However, justification for continued operation along with an estimated schedule for 
resolution was provided. 
 
The information presented in the references was accurate at the time of submittal, however, changes 
have subsequently been made and reported to the NRC. See Reference 5. 
 
The environmental qualification criteria adopted as discussed above is now governing for all electrical 
equipment which has an accident mitigating or post-accident monitoring function and may be 
exposed to harsh environments during and after an accident. Therefore, the information in the text 
that follows does not stand alone and must be reviewed in conjunction with the 79-01B report found in 
References 2 through 6. 

3.11.1  EQUIPMENT IDENTIFICATION  

3.11.1.1  Environmental Design Criteria 
 
The design criteria with respect to environmental effects on the electrical and mechanical equipment 
of the reactor protective system and engineered safety features to assure acceptable performance in 
all environments (normal and accident) are based on equipment location. As far as practical, 
equipment for these systems is located outside the containment or other areas where high activity 
levels or adverse environmental conditions could exist. 
 
The reactor protective system and engineered safety features are capable of performing their 
intended functions under the following specified environmental service conditions: 

a) All reactor protective system and engineered safety features components are capable of 
meeting their rated performance specifications under the environmental service conditions 
expected as a result of normal operating requirements and expected extremes in operating 
requirements. 

b) All reactor protective system and engineered safety features equipment required to accomplish 
protective actions in response to a design basis event are capable of completing their function 
under the environmental service conditions related to the design basis event. The 
environmental 
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 service conditions related to a design basis event are specified to include normal operating 
conditions before the event, conditions produced by the event, and conditions existing 
subsequent to the event for such time as is required for the protective actions to be carried to 
completion. 

c) The reactor protective system and engineered safety features equipment are capable of 
meeting the specified performance requirements for the most degraded conditions resulting 
from the long term environment to which the equipment is normally exposed. 

d) All reactor protective system and engineered safety features equipment are qualified for use 
under the specified environmental service conditions in accordance with IEEE-323-1971, "IEEE 
Trial-Use Standard: General Guide for Qualifying Class I Electric Equipment for Nuclear Power 
Generating Stations." 

3.11.1.2  Environmental Service Conditions 
 
The plant environmental service conditions are classified in the following environmental design 
categories. 
 
a) I-A - Long term containment environment following LOCA or steam line break accident 
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b) I-B - Short term containment environment following LOCA or steam line break accident 

c) I-C - Containment environment following all other design basis accidents 

d) I-D - Control room environment following loss of air conditioning 

3.11.1.3  Equipment Classification 
 
Reactor protective system and engineered safety feature components are classified according to the 
environmental design categories depending upon their location and functional requirements. 
Functional requirements are determined by assessing the impact of a safety related component's 
failure on the ability to mitigate the effects of a LOCA or to shutdown. On that basis the following 
equipment is included in each category. 

a) Category I-A 
 
Containment fan coolers 
Containment - annulus ΔP sensor 
Containment electrical penetration assemblies 
H2 Sampling Solenoids I-FSE-27-1, 2,3,4,5,6,7 
Shutdown Cooling System Isolation Valves: V3480, V3481, 
V3651, and V3652 
Electrical cables associated with above 

b) Category I-B 
 
Pressurizer pressure sensors 
Containment pressure sensors 
Steam Generator pressure sensors 
Containment radiation sensors 
Containment isolation valves 
Electrical cables associated with above 
SIT isolation valves(1): V3614, V3624, V3634, and V3644 

c)  Category I-C 
 
Reactor coolant temperature sensors 
Reactor coolant flow ΔP sensors 
Out of core neutron detectors 
Steam generator level transmitters 
Electrical cables associated with above 

d)  Category I-D 
 
Reactor protective system cabinets 
ESFAS measurement and actuation cabinets 
Reactor protective system trip switchgear 
Electrical cables associated with above 
 

 
(1) Technical specifications require valves be open with power locked out obviating the need for 

the qualification test performed. 
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The components listed in each category are designed to operate in the temperature, pressure, 
humidity, and radiation environment for the time shown on Table 3.11-1 unless detailed calculations 
are provided to justify less stringent environmental design criteria. Components in categories I-A and 
I-B are designed to withstand the environmental conditions shown in addition to long term operation 
in category I-C environment. The containment radiation environment is based on a LOCA fission 
product 
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release source consisting of 50 percent of the core halogen inventory 100 percent of core noble gas 
inventory and one percent of core solid fission product inventory. 
 
The integrated dose used for original license for the electrical penetrations was determined by 
analysis as discussed below.  The dose assumed 40 years of normal operation, a LOCA, and one 
year of post LOCA operation. The fission product source term was as cited above with a uniform 
dispersion of nuclides within the containment. No fission product removal credit was taken for 
containment sprays which would be operative during and subsequent to a LOCA.  Both gamma and 
beta contributions to the dose were determined.  For the gamma dose regions of the containment 
where the line of sight between source and receptor passes through significant shielding barriers may 
be appropriately excluded from the analyses. However, for this analysis only the 4 foot thick 
secondary concrete shield wall was considered an effective shielding barrier. The analyses yielded 
the following: 
 

 dose (R)  
40 years of normal operation 1.8 x 103 
0 to 2 hour LOCA dose 1.3 x 106 
2 to 24 hour LOCA dose 4.1 x 106 
1 to 31 day LOCA dose 1.7 x 107 
31 to 365 day LOCA dose 4.0 x 106 

 Total integrated dose 2.7 x 107 
 
The Components of the start-up range (rate of power change protection) power range (over-power 
protection) and power range control channels as shown on Figures 7.2-4 and 7.2-5 are installed in 
oil-tight troughs. The 6.9 KV power cable for the reactor coolant pump motors are also routed in this 
tunnel in cable tray and conduit. 
 
The environmental design criteria for nuclear instrumentation components located within the cable 
tunnel is that they meet environmental service condition I-C which does not require operation 
following a LOCA or steam line break accident. 
 
Only cables to components that are required to function in the long term post-LOCA containment 
environment need be qualified for this environment. Nonetheless, all safety related and post-LOCA 
monitoring cables inside containment will be qualified for the long term containment environment for 
all accident and incident conditions (Category I-A). With regard to the electrical tunnel, the cables 
serving the out-of-core detectors will be Category IA cable. 
 
The location of motor operated valves in the containment has been reviewed to determine if they 
could become submerged in the post LOCA environment. Table 3.11-1A lists the motor operated 
valves located inside containment and their elevations. The maximum post LOCA water level of 
approximately 24 feet would submerge valves V3614, V3624, V3634, and V3644. There are no 
adverse consequences associated with the submergence of these valves in the short or long term 
ECCS functions or containment isolation. The subject valves are normally locked open valves on the 
safety 
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injection tank lines to the primary system. The safety injection tank function will be over long before 
the valves are submerged (approximately 30 minutes for submergence) which negates the 
consequences of any postulated failure mode and they serve no containment isolation function. In 
view of the above no modification is necessary. 
 
As part of the Post TMI-Short Term Lessons Learned studies a design review of plant shielding and 
environmental qualification of equipment for spaces/systems which may be used as post accident 
operations was performed for PSL-1 (Item 2.1.6.b). See Reference 1. The objective of the review in 
part was to ensure that access to and operation of safety related equipment needed for postaccident 
operations would not be impaired by high radiation fields. 
 
Radiation fields were calculated considering gaseous nuclide releases from the core into the 
containment atmosphere as a result of the postulated LOCA as well as fields resulting from all 
equipment and piping outside the containment which might contain primary coolant or radioactive 
gases during post-accident operation. 
 
Source terms for liquid systems were assumed to be 100% of the core inventory of noble gases, 50% 
of the core inventory of halogens, and 1% of the core inventory of other nuclides contained in the 
primary coolant. Source terms for containment atmosphere followed the guidance of Regulatory 
Guide 1.4. Appropriate dilution and decay factors were applied. 
 
Acceptance criteria for equipment doses were determined either by equipment specification, actual 
equipment qualification, or generic material damage. No requirements for corrective action were 
presented in Reference 1 rather, equipment dose data has been factored into ongoing studies of 
equipment environmental qualification. See Section 12.1.6 for information with respect to operator  
dose. 
 
Future qualification of components for radiation inside containment will use the "Equipment  
Qualification Radiation Dose Map Development" submitted via Reference 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  3.11-8  Amendment No. 18, (04/01) 



3.11.2  QUALIFICATION TESTS AND ANALYSES 
 
The equipment in each environmental design category is qualified by the following methods, which 
are in accordance with IEEE-323 (1971). 

a) Category I-A and I-B Equipment 
 
The equipment is qualified for the specified environmental conditions by a combination of type testing 
and analysis. Type tests are performed wherein the components are subjected to the specified 
temperature, pressure and humidity conditions. The components are operational during these tests. 
No zero or span adjustments will be allowed during the tests. The acceptance criteria for instrument 
sensors are: 

1) During the test the calibration must not change more than ±5%. 

2) The post-test calibration must be within ±1-1/2% of the pre-test values. 
 
The containment fan cooler motors are qualified in accordance with IEEE-334-1971, "IEEE Trial-Use 
Guide for Type Tests of Continuous-Duty Class I Motors Installed Inside the Containment of Nuclear 
Power Generating Stations." 
 
Equipment, other than the containment fan cooler motors, is qualified for the accident radiation level 
by analysis.  This analysis addresses the changes in properties of the component materials under 
radiation exposures equivalent to the specified conditions and establishes that these effects will not 
significantly affect performance characteristics.  The fan cooler motors were tested as described in 
Appendix 3A. 

b)  Category I-C and I-D Equipment 
 
This equipment is rated for continuous operation under the specified conditions. Since the extremes 
of the temperature, pressure and humidity conditions are within the design ratings of standard 
commercial components, qualification is accomplished by requiring vendor certification of the required 
capability and supporting documentation of test results or operating experience on similar equipment. 
 
It is not technically feasible to predict the long term cumulative effects on equipment performance due 
to operation under normal service conditions which include low level radiation. Thus, neither type 
testing nor analysis is adequate to qualify the equipment for the long term environment. 
 
The cable associated with category I-C and I-D equipment is purchased to the same specifications as 
category I-B equipment and meets the qualification criteria for I-B cable. 
 
The requirement for meeting the specified performance requirements from the most degraded 
conditions resulting from long term environmental effects is met by limiting the amount of degradation 
allowed. The periodic test and calibration program described in Chapter 16 will verify the capability of 
the equipment to meet the original performance requirements. Periodic testing will allow detection of 
any gradual equipment deterioration and effectively requalifies the equipment for the shortterm 
operational period between tests. 
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3.11.3  QUALIFICATION TEST RESULTS 
 
In cases where the information in this section overlaps with 10 CFR 50.49, the Equipment 
Qualification  List (EQ) list and Documentation Packages (Doc Pacs) supersede the information 
provided here.   Therefore, the EQ List and appropriate Doc Pacs should be consulted prior to the 
use of the  information in this section.  
  Results Contained in Appendix 3A 
a) Category I-A 
 
Containment fan coolers Westinghouse Electric Corporation. "Fan 

Cooler Motor Unit Test", WCAP 7829  (note 
that this is a proprietary report except for the 
abstract). 

 
Containment fan cooler Cable vendors have performed tests on  
electrical cables equivalent cable.  See Table 3A-1.  
Containment electrical Four reports were prepared by  
penetration assemblies Gulf Electronics:  
 

 1) Measurement E-115-173 "Instrumentation Prototype 
  channel shield Penetrations", ELD 261-1004, Test 

 cable Report.  
 

 2) 120 v power and E-115-176 "Low Voltage Power & Control 
  125 v or less Prototype Penetrations", ELD 261-1003,  
  dc control Test Report.  
 

 3) 120 v and 480 v E-115-180 "Low Voltage Power Prototype 
 power Penetrations", ELD 261-1002, Test 
  Report. 

 

4) 6.9 kv power E-115-181 "High Voltage Power 
  Prototype Penetrations",  ELD-261-1001,  
  Test Report.  
 

Electrical Penetration Type Tests by Raychem 
 
Termination and Connectors 
 
Electrical Penetrations Certificate of Compliance received from  
 (C3, C6, C8, C9, D3 & D1O) vendor referencing prototype test results. 
 
Electrical Penetration   Reports prepared by Conax Corporation  
Replacement Modules  

- IPS-353.10 Rev B - Qualification Report  
for a 42 conductor #18 AW Conax Low  
Voltage Service Classification Conductor  
Feed through Assembly  

 
-  IPS-585.2 Rev B - Qualification  of 

Instrumentation Services Classification  
Electrical Penetration  

 
- IPS-585.3 Rev D - Qualification Test  

Report for a Low Voltage Power and  
Control Services Classification Electric  
Penetration Assembly for Class 1E 
Service In BWR & PWR Containment 
structures 
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-  IPS-590 Rev 0 - Test Summary IEEE 383  
Vertical Tray Flame Test on Kapton  
Insulation  

- IPS-1229 Rev 0 - Qualification Report for  
Feedthrough/Adapter Module Assemblies  
for Gulf General Atomic Penetrations  

- IPS-325 Rev E - Qualification Material  
Test Report for Materials Used in Conax  
Nuclear Products for  Service in Nuclear  
Power Generating Stations  

- IPS-694 Rev 0 - Heat Transfer Analysis  
for Electric Penetrations  

- IPS-1230 Rev 0 - Structural Integrity of  
GA Penetrations and the Conax Adapter   
Module  

b)  Category I-B 

Pressurizer pressure sensors, Type test results are in a format  
steam generator pressure consistent with the intent of 
sensors, containment pressure IEEE-323-1971 although some of the  
sensors specific details may vary since the testing 
 was accomplished prior to issuance of the 

standard.   Fisher & Porter Co. "Special 
High Temperature Steam Application", 
Report #DP-2004-51-B-006, 1968.  

Letdown line isolation No qualification test available.  
valves 

Containment radiation A quality assurance procedure is being 
sensors prepared by Victoreen. "Containment 

Monitor Test Procedure," PT-64.  
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Electrical cables associated    Cable vendors have performed tests on 
equivalent cable.  Refer to Table 3A-1.  

c) Category I-C and I-D 
 
The equipment in this category (except for the electrical trip switchgear) are standard instrument 
packages for which the vendors have specifically certified the individual equipment's capability to 
meet the operating environments as delineated in the purchase specification.  These conclusions are 
based on a combination of type testing and proven operating capability in similar environments in 
industrial and previous nuclear power plant applications. 

Electrical trip switchgear General Electric has performed tests on 
equivalent equipment.  A test report has 
been submitted.  

3.11.4  LOSS OF VENTILATION 

3.11.4.1  Control Room Air Conditioning and Ventilation Systems 
 
Controls and electrical equipment necessary for safe plant shutdown are located in the control room 
and are classified as category I-D equipment.  The control room is normally air conditioned to provide 
operators and equipment optimum environmental conditions. 
 
Assuming a loss of off-site power, control room air conditioning will be reinstated by automatically 
loading them on the emergency buses powered from the diesel generators.  Ventilation is 
continuously available even after a loss of off-site power through redundant outside air intake 
systems.  The outside air intakes are used as required when air conditioning is available and are 
always available during normal and accident operation.  A CIS automatically isolates the intakes 
during a LOCA.  Refer to Section 9.4.1 for an analysis of control room environmental conditions 
during a LOCA. 
 
3.11.4.2  Emergency Switchgear Room Ventilation System 
 
Redundant emergency switchgear for safety related equipment is located in separate rooms in the 
reactor auxiliary building.  The switchgear rooms are 
provided with a ventilation system with redundant fans.  A detailed description is given in Section  
9.4.2.  
 
The switchgear equipment is designed to function under conditions of 104 F and 90 percent relative 
humidity for an extended period. 
 
The ventilation equipment for the emergency switchgear room is designed to seismic Class I 
requirements and each switchgear room fan is supplied with on-site emergency power from its 
associated standby diesel generator upon loss of off-site power. 
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3.11.4.3  Emergency Core Cooling System 
   Pump Room Ventilation System 
 
The ECCS pump room ventilation system is described in detail in Section 9.4.3.  
 
Redundant ECCS pumps are located in separate compartments in the reactor auxiliary building.  
Under normal operating conditions, the ECCS pump compartments are maintained at or below 104°F 
by normal ventilation system operation.  During such periods, the ECCS pumps are not required to  
operate.  The ventilation system is designed to maintain pump room temperature below 104°F with 
the ECCS pumps and associated electrical equipment operating at full design capacity under LOCA  
conditions or pump testing periods.  The ECCS equipment is designed to operate satisfactorily, in an 
environment of 120°F and 100 percent relative humidity for 6 hours and at or below 150°F and 90  
percent relative humidity for an extended period.  
 
The ECCS pump room ventilation system is designed to meet seismic Class I requirements and on-
site emergency power will be supplied to each redundant fan from its associated standby diesel 
generator upon loss of off-site power.  No single active failure can result in loss of ventilation to more 
than one ECCS pump compartment. 
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3.11.5  ELECTRICAL TERMINATIONS INSIDE CONTAINMENT 
 
The staff in the attachments to its August 19, 1975 letter at item 5 expressed concern regarding the 
use of post-LOCA qualified and nonqualified terminations at the terminal boxes within containment.  
In the enclosure to its October 10, 1975 letter at item 1 the staff identified requirements for additional 
information concerning this matter following review of information submitted in Amendment 50. 
 
The following sections present the additional information requested by the staff, describe the detailed 
evaluation of the existing design and present the basis and justification for proposed modifications 
which, in the applicant's view, satisfy the staff's concern regarding adverse interaction between safety 
related and non-safety related terminations inside containment. 
 
Table 3.11-2 is a summary of Sections 3.11.5.1 through 3.11.5.3 and is maintained for historical  
reference.  
 
3.11.5.1 Physical Arrangement and Separation Philosophy of 
  Terminal Boxes 
 
Electrical terminations inside containment are made in a set of terminal boxes located adjacent to the 
electrical penetration area.  The arrangement is shown on Figure 8.3-12. 
 
There are a total of 14 boxes in use (and one spare), 10 of which contain both safety related (Class 
1E) and non-safety related cables.  The four remaining boxes contain only non-safety related circuits.  
All safety related terminations are made with post-LOCA qualified splices or connectors.  Non-safety 
related terminations are in general made on General Electric Type EB-5 or CR-2960 terminal blocks, 
although there are some such circuits which are terminated with qualified splices or connectors.  The 
non-safety related spliced circuits are those which emanate from a penetration module which 
contains at least one safety related conductor.  In such cases, all conductors from the penetration 
module are spliced, both safety related and non-safety related.  Qualification of the terminal blocks is 
discussed in Section 3.11.5.3 below.  There are a total of about 3800 terminations in use of which 
approximately 2700 are currently made on terminal blocks. 
 
Cable terminations are grouped in separate boxes according to: 

(1)  General functional requirements 

(2)  Safety channel designation 

(3)  Circuit voltage level 
 
The terminations in each box are separated from those in other boxes by the steel barriers 
comprising the box enclosure.  Four of the boxes (I spare) are double boxes with a vertical steel 
barrier as part of the box enclosure.  Double boxes contain only A system or B system circuits.  
Further physical separation is provided between safety system channels by an additional vertical 
steel fire barrier (See Figure 3.8-8AA) which separates those boxes containing A system control, 
power and monitoring circuits from B system control, power and monitoring circuits.  Double 
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physical separation is thus provided for all safety related terminations, including both the individual 
terminal box barriers and the penetration area separation barrier.  The separation scheme is shown 
on Figure 8.3-12 and is described as follows: 
 
East Side of Penetration Barrier Wall (A System) 

1. Measurement Channel and Monitoring Instrumentation Circuits (low voltage) 

TB L105 (MA) - Measurement Channel MA, Safety System SA, Non-Safety 
related A 

TB L103 (MC) - Measurement Channel MC, Safety System SA, Non-Safety 
related A 

TB L104 (MA) - Non Safety Related A 

2. Small Power and Control Circuits - (125 dc or 120 vac) 

TB C107 (SA)  -  Safety System SA,  Non-Safety Related A 

TB C109 (SA)  -  Safety System SA,  Non-Safety  Related  A 

TB C108 (SA)  -  Non Safety Related A 

3. Power Supply Circuits - (120 - 480 vac) 

TB M101  (SA) - Safety system SA,  Non-Safety Related A 

TB M102  (SA) - Non Safety Related A 

West Side of Penetration Barrier Wall (B System) 

1. Measurement Channel and Monitoring Instrumentation Circuits (low voltage) 

TB L125 (MB)  -  Measurement Channels MB, Safety System SB, Non-Safety 
Related B 

TB L123 (MD) -  Measurement Channels MD, Safety System SB, Non-Safety 
Related B 

2. Small Power and Control Circuits - (125 v dc or 120 vac)  

TB C127 (SB) -  Safety system SB,  Non-Safety Related B 

TB C129 (SB)  -  Safety system SB,  Non-Safety Related B 

TB C128 (SB)  -  Non Safety  Related  B 

3. Power Supply Circuits  (120-480  vac)  

TB M123 (SB)  -  Safety System SB 
 
As can be seen the circuits are grouped in separate boxes by safety system, function and voltage 
level.  Low voltage measurement circuits are segregated from those circuits which carry significant 
voltage sources.  Control circuits are further separated from large power circuits for equipment inside 
containment.  This provision limits the extent of interaction between circuits by segregating circuits 
according to function and capacity. 
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No box contains circuits belonging to two redundant safety systems.     Four channel separation is 
maintained among the measurement channel circuits (MA, MB, MC and MD) which provide input to 
protection system logic. 
 
3.11.5.2  Functional and Failure Mode Evaluation of Electrical 
   Terminations 
 
To evaluate the potential for possible adverse interaction between the qualified spliced or connector 
terminations and the terminal block terminations a complete review of the safety functions of all 
circuits for normal operation, accident and post-accident conditions was conducted.  Individual circuit 
failure modes and potential common mode failure mechanisms were evaluated to determine whether 
the physical separation and independence provided between safety circuits could be compromised or 
rendered ineffective as a result of failure of the terminal blocks upon which nonsafety related 
terminations were made. 
 
The evaluation considered normal operation and those events which would occur in conjunction with 
normal environmental conditions in addition to those accidents which are accompanied by severe 
environment effects.  Table 3.11-2 provides a summary listing of all safety related circuits and their 
safety functions under all postulated events.  The following sections provide a discussion of the basis 
of the evaluation. 

3.11.5.2.1  Normal Environmental Events and Conditions 
 
For normal operation and those accidents or events that do not involve release of primary or 
secondary coolant to the containment, the electrical circuits inside containment are not exposed to 
unusual environmental conditions.  The pressure, temperature, humidity and radiation levels do not 
differ significantly from that which will be present throughout the operating life of the plant and there 
are no severe transient changes in any of these environmental parameters.  The events in this 
category include normal operation and those anticipated reactor transients discussed in Section 15.2 
and 15.3 (e.g., control rod drop, loss of coolant flow) which require the safety function of electrical 
circuits to trip the reactor and operate safety related equipment to mitigate the effects of the accident 
and/or achieve subsequent plant shutdown and cooldown. 
 
For this category of events, two hundred and twenty (220) conductors serve to provide input signals 
to reactor protection system (RPS) and engineered safety feature actuation system (ESFAS) logic.  
These conductors are separated into the four measurement channel groups (MA, MB, MC, MD) and 
are located in four separate terminal boxes, each containing 55 of the conductors.  These conductors 
provide safety functions during normal operation by monitoring plant parameters which would indicate 
occurrence of accidents or events requiring automatic protective action. 
 
One hundred and ninety two (192) of the 220 conductors are required to function for some or all of 
the reactor transients evaluated in Chapter 15. These conductors provide automatic reactor trip 
signals on high power level, low coolant flow, thermal margin/low pressure and low steam generator 
level or pressure for transient events lasting in the order of seconds to several minutes.  Once they 
have provided the necessary 
 
 
 
 
 
 
 
 
 
 
 
  3.11-15 



trip input signal, the circuits have no further automatic protective function since the RPS logic will seal 
in the trip signal outside containment.   One hundred and forty (140) of these conductors may also be 
required for post-accident monitoring following a transient event in order to allow the operator to 
monitor primary and secondary conditions and to commence an orderly shutdown and cooldown if 
required following the event.   These are the protection system measurement channels for reactor 
coolant temperature, pressurizer pressure, and steam generator pressure and level.  In addition, six 
(6) conductors associated with the low range pressurizer pressure sensors and six (6) conductors for 
pressurizer level sensors provide post-accident and shutdown monitoring safety functions.  These 
monitoring functions may be required for up to several hours following the event until the primary 
system can be depressurized to the point where shutdown cooling can be initiated, after which 
shutdown cooling system instrumentation located outside containment can be used to monitor plant 
conditions. 
 
Since the events considered in this category are not accompanied by abnormal environmental 
conditions, a potential environmental common mode mechanism for adverse interaction between 
safety related and non-safety related circuits in more than one terminal box is not present.  
Environmental qualification of the terminal blocks is therefore not a concern for this category of 
events.  The potential for common mode failure of non-safety related terminations due to seismic 
events has been eliminated by qualification of the terminal blocks for Design Basis Earthquake 
loading (see Section 3.11.5.3). 
 
Since four channel separation is provided among the measurement channels as discussed above, no 
single fault on a non-safety related termination in any one terminal box can affect more than one 
measurement channel.  A sufficient number of measurement channels would remain operable to 
provide automatic reactor trip input signals or post-accident monitoring functions if required.   It is 
therefore concluded that the design of the safety related measurement channel and monitoring 
instrumentation circuits is adequate for normal operation and those reactor transients which do not 
involve severe environmental effects. 
 
Six (6) conductors provide signals from pressurized pressure transmitters to shutdown cooling system 
isolation valve interlocks.  The integrity of these circuits is necessary to permit removal of the interlock 
signal to allow openings of the isolation valve for normal shutdown and, if required, for plant shutdown 
and cooldown following reactor transients.  Faults on these circuits could prevent opening of the 
valves.  However, opening of these valves would not be required until several hours after the event 
and blocking conditions on this circuit could be defeated at the control board, if necessary, to allow 
operation of these shutdown cooling isolation valves.  Accordingly the design of these six qualified 
terminations is considered adequate. 
 
Eighteen (18) conductors provide local push button control of the four containment fan cooler units.  
Faulting of these circuits could interrupt fan cooler operation.  No single fault on a non-safety related 
terminal block could result in complete loss of containment cooling due to the separation of safety 
systems in the terminal boxes.  Even if containment cooling were 
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interrupted during normal operation or during or following any of the reactor transients in this 
category, the plant could be maintained in a safe condition.   The design of these 18 qualified 
terminations is therefore considered to be adequate for these events. 
 
Twenty-eight (28) conductors provide limit switch control for the shutdown cooling isolation valves.  
These valves are required for normal shutdown and for shutdown following reactor transients.  As 
discussed in Section 3.11.5.2.2 there are certain highly unlikely faults which could prevent remote 
valve operation.  However for the category of events which do not involve severe environment effects, 
personnel access to the containment is permissible and provides a means of manually operating the 
valves despite electrical circuit faults which would prevent remote operation.  Therefore, the design of 
these qualified terminations is considered adequate for normal operation and reactor transients. 
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3.11.5.2.2  Severe Environmental Events and Conditions 
 
Accidents involving release of primary reactor coolant or secondary (main steam or feedwater) 
system coolant are accompanied by significant increases in containment pressure, temperature and 
humidity.  Loss of coolant accidents (LOCA) can also, depending on coolant radioactivity inventory 
and extent of fuel damage, result in large increases in containment radiation dose levels.  The safety 
functions of all electrical circuits during and following LOCA and secondary line break accidents 
(SLBA) have been evaluated to identify the short term and long term functional requirements for 
these severe environmental events. 
 
The various LOCA related junctions fall into several categories each of which is discussed here.  
Forty (40) conductors actuate SIAS, CIS or CSAS and are not required thereafter.  Once SIAS, CIS 
or CSAS are actuated they lock in and any long term effect of the LOCA environment on the sensing 
instruments will not adversely affect the safety logic.  Since the SIAS, CIS or CSAS are actuated in 
the order of seconds to a few minutes and conceivable environmental effects are long term, the 
design with regard to these 40 qualified terminations is considered acceptable. 
 
Thirty-one (31) conductors provide indication of containment isolation valve position.  Any failure 
mode of these indicating circuits will not adversely affect valve position.   Thus any long term 
degradation postulated to occur to the qualified terminations results only in loss of indication.  These 
valves are not required to re-open once closed.  Since containment integrity is not threatened, the 
design with regard to these qualified 21 terminations is considered adequate.  Eight (8) conductors 
provide containment air temperature indication for post-LOCA monitoring for the first 5 or 6 hours 
following LOCA initiation.  Thereafter, the sump water and air are in thermodynamic equilibrium, thus 
either provides long term containment temperature indication.  Since the short term temperature 
transient is relatively insensitive to large fluctuations in pressure, the containment temperature is well 
represented by the saturation temperature associated with the partial pressure of steam and the 
partial pressure of air can be determined with acceptable accuracy, containment temperature can be 
easily determined without direct measurement.  Loss of containment air temperature indication results 
in no public health and safety considerations (see Section 7.5.2.2.2). Accordingly the design of these 
8 qualified terminations is considered adequate. 
 
Eighteen (18) conductors provide local push button control of the four fan cooler units.  A failure mode 
effect criticality analysis of this circuit indicates that a postulated short could cause the motor to stop. 
Occurrence of such a short at the qualified terminations, although conceivable, is not likely.  However, 
if such a short is postulated to occur, the public health and safety is not adversely affected.  The 
reason is that three 100 percent containment cooling systems have been provided.  The four fan 
cooler units comprise one 100 percent system.  Two 100 percent spray systems are also available 
and one containment spray subsystem in conjunction with two containment fan coolers comprise a 
100 percent system.  Thus if a short in each fan cooler pushbutton circuit is postulated to occur 
coincident with a single failure a single 
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100 percent spray system is still available to provide the containment cooling function.    It must be 
noted that the fan cooler motor stop can be defeated by disrupting the local pushbutton circuit at the 
MCC, thereby allowing the fan cooler units to be restored to service.  Accordingly, the design of these 
18 qualified terminations is considered adequate. 
 
Local push button station cables for valves V3480, V3481, V3651 and V3652 have been 
disconnected per PC/M 84133. 
 
Twelve (12) conductors provide power to pilot operated, air to open, isolation valves.  Interruption of 
power to the solenoid pilot valve vents the air causing the valves to close.  An analysis of the solenoid 
pilot valve circuitry indicates that no failure within the circuit will cause the pilot valve to direct air to 
open the isolation valve.  In addition an analysis of the air system indicates that the 24 SCFM air 
receiver will lose its contained energy in about one hour - motive air force to reopen a valve will be 
lost in less than one hour.  Thus, if postulated effects external to the solenoid pilot circuitry are 
assumed, the motive power to reopen the isolation valve is not available.  Accordingly, the design of 
these 10 qualified terminations is considered acceptable. 
 
Twenty-eight (28) conductors provide limit switch control of the shutdown cooling system isolation 
valve.  A failure mode effect criticality analysis indicates that all failure mechanisms that could be 
reasonably postulated will not adversely affect valve operability.  However, an extremely remote 
event affecting 4 of the 28 conductors can be conceived that would adversely affect valve operability, 
namely, failure of the qualified splice with the simultaneous application of an external power source.  
The small likelihood of occurrence of this event, the qualification discussion infra and the redundancy 
provided (two separate lines, each with two valves) lead to the conclusion that the design of these 28 
qualified terminations is acceptable. 
 
Fifty-one  (51) conductors supply power to; 

a) H2 analyzer isolation valves (solenoid operated) 

b) Shutdown cooling isolation valves (motor operated) 

c) Pressurizer auxiliary spray valves (solenoid operated) 
 
Of these valves (a) are not required for the protection of the public health and safety, but their 
availability is useful, but not mandatory, for following the course of the accident.  Valves (b) and (c) 
are included because their use long term may be required to accommodate the Staff's concern 
regarding boron precipitation.  Further discussion is pro- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.11-19 Amendment No. 24 (06/10) 



vided below to demonstrate that LOCA environment will not adversely affect the operability of these 
valves, as well as, the 4 limit switch conductors mentioned supra.  There are 17 cables and 55 
conductors out of the 3800 conductors that are relevant to the Staff's expressed concern.  These 
cables are terminated in the control and power terminal boxes. 
 
In addition to the safety functions described above for LOCA conditions, there are certain conductors 
which are required to perform short or long term safety functions for SLBA events. 
 
Twenty-four (24) conductors actuate MSIS on low steam generator pressure.  These same 24 
conductors as well as one hundred and twenty-eight (128) additional conductors provide post-SLBA 
functions in monitoring primary and secondary conditions to permit cooldown and depressurization to 
the point where shutdown cooling can be initiated after which shutdown cooling system 
instrumentation located outside containment can be used to monitor plant conditions.  The post 
accident monitoring function is required only for a short term period of up to several hours.  The 
conductors involved are located in terminal boxes containing only low voltage instrumentation circuits 
which are not a potential source of large current faulting which could result in adverse interaction 
between safety related and non-safety related terminations.  In addition, the terminal blocks involved 
have been shown to be qualified for at least up to four days in a temperature , and humidity 
environment more severe than post-SLBA functions.  It may be concluded therefore that the potential 
for adverse interaction within the measurement channel boxes for the period of required post-SLBA 
safety function (several hours) is negligible for these 152 conductors. 
 
The circuits associated with pressurizer and containment measurement channels, fan cooler units 
and shutdown cooling isolation valves are also required to perform similar safety functions for SLBA 
events as for LOCA events.  The discussion given above for these circuits under post LOCA 
conditions is equally applicable to SLBA conditions. 

3.11.5.3  Qualification of Terminal Blocks 
 
The terminal cabinets contain GE EB-5 terminal blocks and are located in the containment to serve 
as connection and array boxes for the containment penetration conductor pigtails (see Figure 8.3-12). 
 
Typically, cables which have a safety related function during normal, incident or accident conditions 
are spliced with Raychem splices or connected with qualified connectors and routed through the 
boxes to their distributive tray system whereas, non-safety cables (identical to safety cables) pass 
through the boxes and are terminated on GE EB-5 terminal boards for connection, array and 
continuation to the required tray distribution systems.  
 
The terminal blocks used are General Electric Type EB-5 and CR-2960 rated 600 volts, 30 amperes, 
and 600 volts, 150 amperes respectively.  These blocks are specifically designed for applications of 
terminations of many wires in a permanent, orderly fashion. 
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The boards are prefabricated, equipped with washer head binding screws for circuit wire connections 
and marker strip for circuit identification.  Terminal cabinet mounting is provided with bolts.  The block 
will accommodate wire sizes No. 18 to No. 10 and No. 12 to No. 2 inclusive and are arrayed within 
the cabinets as required in groups of 2 to 18 points. 
 
The terminal boards and cabinet are in conformance with applicable industry standards as follows: 

ANSI C19.3  Industrial Control Apparatus - General 

ANSI C19.4  Industrial Control Apparatus - Enclosures 
 
The standards define the electrical and mechanical criteria for arrays of terminals within enclosures.  
Criteria addressed by these standards include voltage, current, clearances, creepage, service 
conditions, thermal ratings, short circuit ratings etc. and testing parameters.  The GE EB-5 terminal 
board and associated boxes in which they are mounted satisfy the intent of the application and 
associated standards. 

Specific design criteria for this application are met as follows: 

a) General Design Criteria 1 (Quality Standards and Records) 

 The terminal blocks and cabinets were purchased and erected in  accordance with industry 
standards, Ebasco Engineering Guides and  installed with Quality Compliance, Quality 
Assurance and Construction Procedures applicable to junction and terminal boxes. 
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b)  General Design Criteria 2 (Design Basis For Protection Against Natural Phenomena)  

1) Seismic Qualification 

(a) By analysis directly verifying the following; 

(1) The structural integrity (including support mechanisms) for both the Reactor 
Auxiliary Building and containment penetration wireways/terminal boxes will 
not be violated during design basis earthquake (DBE). 

(2) Penetration wireways/terminal boxes design is such that the natural 
frequency of the loaded boxes are not in resonance with the postulated 
seismic forcing function.  

(3) Analysis verifies that the boxes are adequately designed such that seismic 
accelerations are withstood. 

(4) Acceleration response spectra utilized in the analysis represents the floor 
response spectra for the appropriate floor elevation. 

(5) All boxes are fabricated by a vendor who has been qualified to manufacture 
material for seismic Class I service. 

(b) By similar comparison, the General Electric EB-5 and CR-2960 terminal boards 
used on St. Lucie 1 were seismically tested as part of the Diesel Generator Control 
Panel at higher seismic levels than that which would be experienced inside the 
containment.  Additionally, these terminal boards are presently in use in other 
operating nuclear units for Class 1E service.  

2) Hurricanes, tornadoes, floods, etc - not applicable as these boxes are applied 
within the containment annulus area. 

c) General Design Criteria 3 (Fire Protection) 

 Redundant and independent terminal boxes are used for each safety  system termination as 
shown in Figure 8.3-12. Therefore, any fire in one will not have an effect on the redundant 
system.  Redundant safety systems are separated by steel barriers.  (See discussion on 
physical separation in Section 8.3.1.2.3.) 

 Further, the cabinets are made of steel which is non-flammable and the blocks will not support 
combustion upon extinguishment of  external flame source (see discussion below concerning 
block environmental testing).  
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d) General Design Criteria 4 (Environmental and Missile Design Basis)  

1) Temperature and Humidity 

 The following is a description of a test, which is being conducted by FPL at their 
Materials Test Laboratory. 

 Test Objective 

 The objective of the test is to demonstrate that GE type EB-5 and CR-2960 type 
terminal blocks can function in a high temperature steam atmosphere similar to 
that which might be experienced during Post-LOCA conditions at the St. Lucie 
Plant. 

 Test Set Up 

 Three blocks of each type were mounted in a box with spacing similar to that at 
St. Lucie Plant.  Space heaters were installed in the box to assure that the 
maximum environmental temperature would be approximately 250°F. 

 Test voltages of 120 volts AC, 125 volts DC, and 480 volts AC were applied to the 
terminals of the EB-5 terminal blocks.  Three-phase, 480 volt AC was applied to 
the CR-2960 blocks.  The CR-2960 is used only for 480 volt three phase service 
in the containment penetration terminal boxes. 

 A boric acid solution of 2000 ppm buffered to ph of 8.5 with NaOH was sprayed on 
the blocks for 15 minutes.  Steam made from the above boric acid solution was 
then introduced into the box. At the end of four days of steam and temperatures of 
approximately 250°F, there were no signs of electrical failures (shorts or opens of 
the terminations) nor were there any signs of physical damage.  No arcing or other 
phenomena which might cause fire or otherwise affect surrounding cabling, or 
otherwise inadvertently affect the surrounding blocks were observed.  

 In addition to the foregoing environmental testing the blocks were tested for their 
fire resistant properties.  

 A potential of 12000 volts was applied to a point on the block and an arc was 
drawn but the block did not ignite.  

 A burnzomatic torch flame was applied to another block.  The block would burn 
while the flame was applied but immediately went out when the torch was 
removed.  

 The foregoing testing indicates that the terminal blocks used in the penetration 
termination cabinets would not adversely affect the qualified terminations or 
surrounding cables during Post-LOCA conditions.  
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2) Radiation 

A Buchanan Terminal Block (Catalog Number 2B112N) which is similar, dimensionally to 
a General Electric EB-5 and a GE CR141 terminal block, were exposed to a 1.1x107 
Rads/hr source for 13.6 hours (accumulated dose 1.5x108 Rads) by a penetration 
vendor.  

Due to the high exposure rate the Buchanan Terminal Block suffered minor malformation 
from excess temperature in the range of 400°F. The General Electric terminal block had 
no malformation. 

Upon removal of the terminal blocks from the test chamber Hi Pot  Tests were were run 
with both terminal blocks performing satisfactorily.  

The GE CR151 terminal block is materially similar to the GE EB-5 and CR2960 blocks.  

The General Electric Terminal Block CR151 has successfully passed a LOCA test as part 
of this penetration qualification program which included:  

Time Temperatures(°F)  Humidity (%)  Pressure (Psig) 

0 to 45 Sec 340 100 62 
45 sec to 6 hours 340 100 35 
6 hours to 12 hours 320 100 35 
12 hours to 24 hours 200 100 25 
24 hrs to 100 days 200 100 25 

The accumulated radiation dose was 1 x 108 Rads which satisfies the Category I-A 
radiation requirements for St. Lucie.  

Further, it should be noted GE EB-5 and CR2960 terminal boards are used within 
existing operating units, inside and outside the containment.  

e) General Design Criteria 17 - (Electrical Power Systems)  

Sufficient independence, redundancy and testability is provided within the design as evidenced 
on the terminal box location and  conductor array drawings. 

Each safety system uses separate metal enclosed boxes, is separated and is accessible 
(removable covers) for circuit testing/checkout.  
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On the basis of the foregoing discussion it is concluded that no undue risk results from the in situ 
terminal board installation.  Tests indicate that the LOCA or SLBA conditions will not cause an 
unacceptable failure mechanism during the initial phase of long term post LOCA operation. 

3.11.5.4 Proposed Design Modification 
 
The functional and failure mode evaluation discussed in Section 3.11.5.2 above identified certain 
circuits required for normal environmental and severe environmental events and conditions.  The 
physical separation provided among safety related circuits within the terminal boxes provides 
assurance that any single event within a terminal box cannot result in loss of capability to respond to 
and mitigate the consequences of accidents and achieve safe shutdown.  Seismic qualification of all 
terminations, both those spliced and those made on terminal blocks, eliminates seismic events as a 
potential mechanism for common mode failure of non-safety related circuits in more than one terminal 
box.  The concern for adverse interaction between safety related and non-safety related terminations 
can therefore be limited to SLBA or LOCA events involving severe environmental conditions. 
 
Circuits required to perform short term safety functions for these events are low voltage measurement 
channel and monitoring instrumentation.  The safety functions of these circuits are limited to RPS and 
ESFAS actuation (a matter of seconds or minutes) and post-accident monitoring (up to several 
hours).  As discussed in Section 3.11.5.3, the qualification data available for the GE EB-5 and CR-
2960 blocks provide reasonable assurance that the terminal block will maintain their functional 
integrity.  In any event, the low voltage circuits are segregated in separate terminal boxes from the 
high energy control and power circuits.  The low voltage circuits have insufficient energy associated 
with them to be of concern.  This is quantified by considering short circuit current load.  Table 3.11-3 
summarizes the failure potential associated with those low voltage circuits, which are terminated on 
terminal blocks.  The circuits involved, with one exception, carry low voltages and are connected to 
high resistance or current limiting external circuits outside containment.  The exception being the 
annunciation circuits which, although operating it 125 v dc, have a high resistance external circuitry 
which limits short circuit current to 0.005 amp.   In all cases the maximum short circuit currents are 
less than 1 amp and well below the minimum 5 amp current carrying capacity of the associated 
wiring.  For these reasons, it is concluded that no design modifications are required within those 
boxes containing low voltage measurement channel and instrumentation circuits.  In addition, no 
protection is required for annunciator circuits. 
 
A number of circuits were identified in Section 3.11.5.2.2 which are required to perform long term 
safety functions for severe environmental events.  These circuits are terminated in both control and 
power circuit boxes which contain voltage sources from 120v to 480v.  It may be postulated that in the 
long term period following a SLBA or LOCA event a potential for adverse interaction between the 
required circuits and energized non-safety circuits is possible.  Tile potential exists due to the energy 
levels associated with these circuits. To satisfy the stall's 
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concern on this matter, all terminations located in control and power circuit boxes (with the exception 
of annunciator circuits) which could be energized followings a SLBA or LOCA event have been 
provided with splices or connectors which are fully qualified for the post-LOCA environmental 
conditions.   Implementation of this modification involved replacing approximately 300 existing 
connections which had been made on terminal blocks with qualified splices or connectors.  The 
terminal boxes involved include: 

Small Power and Control Circuit Boxes 

TB C107 (SA) 
TB C109 (SA) 
TB C108 (SA) 
TB C127 (SB) 
TB C129 (SB) 
TB C128 (SB) 

Power Circuit Boxes 

TB M101 (SA)  
TB M102 (SA)  
TB M123 (SB)  

 
All terminal block connections have been eliminated from the power and control boxes with the 
exception of the annunciation circuits and non-safety related CEDM Holding coil circuits which are de-
energized at the reactor trip switchgear outside containment immediately upon reactor trip and thus 
provide no source of interaction during the subsequent period following trip).  These CEDM circuits 
and the non-safety related circuits of the type identified in Table 3.11-3 are the only remaining 
terminations made on terminal blocks. 
 
This design modification effectively eliminated the potential for adverse interaction between safety-
related and non-safety related terminations by eliminating the high energy circuits from the harsh 
LOCA/SLBA environment. 
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Qualification of Safety Related Electrical Equipment, L-81-442 dated 10/8/81. 
 
7. R. E. Uhrig (FPL) to D. G. Eisenhut (NRC) Re: St. Lucie Unit 1, Docket No. 50-335, Radiation  

Dose Map Development (Rev. 1-6/24/83), L-83-409 dated 7/15/83.  
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TABLE 3.11-1 
 

SPECIFIED ENVIRONMENTAL CONDITIONS 
Historical 

 
 

Environmental 
Design 

 Category  

 
 

Time 

 
 
Temperature 

 
 
Pressure 

 
 
Humidity 

 
 

Radiation 

I-A 0  -    2 hr 270 F 44 psig 100% 2 x 106 R/hr 

 2   -   24 hr 240 F 27 psig 100% 1 x 106 R/hr 

 24   -   72 hr  190 F 10 psig 100% 3 x 103 R/hr 

 72 hr  - 31 day 150 F 5  psig 100% 3 x 103 R/hr  

 31 day - 180 day 130 F 1  psig 100% 10  R/hr  

I-B 15 min 270 F 44 psig 100% 7.6 x 105  R 

I-C Continuous 120 F Atmos 40% 1  R/hr 

I-D Continuous 120 F Atmos 40% Negligible 

 1 hr 135 F Atmos 90% Negligible 
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TABLE 3.11-1A 
 

ELEVATION OF MOTOR OPERATED VALVES 

INSIDE CONTAINMENT 
 

Valve Number Figure Elevation 

V1403 5.1-3 >80' 

V1405 5.1-3 >80' 

V3480 6.3-2 32'10" 

V3481 6.3-2 35'6" 

V3614 6.3-2 23'10" 

V3624 6.3-2 23'10" 

V3634 6.3-2 24'10" 

V3644 6.3-2 23'2" 

V3651 6.3-2 29'0" 

V3652 6.3-2 32'10" 
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TABLE 3.11-2 
CIRCUITS REQUIRED FOR NORMAL ACCIDENT AND POST ACCIDENT 

SAFETY RELATED FUNCTIONS LOCATED IN TERMINAL BOXES 
  
    Normal Environment   Severe Environment  
circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function  Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 
Terminal Box L105 (MA        

Neutron Flux Measurement Channel Neut Det #1 1 (7) P RT - - - 

RCS Hot Leg 1A Temp Measurement        
Channel TE 1112HA 1 (5) P RT,PAM - PAM* - 

RCS Hot Leg 1B Temp Measurement        
Channel TE 1122HA 1 (5) P RT,PAM - PAM* - 

RCS Cold Leg 1A2 Temp Measure-        
ment Channel TE 1112CA 1 (5) P RT,PAM - PAM* - 

RCS Cold Leg lBl Temp Measure-        
ment Channel TE 1122CA 1 (5) P RT,PAM - PAM* - 

SG 1A Diff.  Pressure Measurement        
Channel                      PDT 1111 A 1 (3) P RT - - - 

SC 1B Diff. Pressure Measurement        
Channel PDT 1121 A 1 (3) P RT - - - 

SG 1A Level Measurement Channel LT 9013 A 1 (3) P RT,PAM 
- 

PAM* - 

SG 1B Level Measurement Channel LT 9023 A 1 (3) P RT,PAM - PAM* - 

SG 1A Pressure Measurement        
Channel PT 8013 A 1 (3) P RT,PAM - RT, MSIS,PAM* - 

SG 1B Pressure Measurement        
Channel PT 8023 A 1 (3) P RT,PAM - RT, MSIS,PAM* - 

Pressurizer Pressure Measure-        
ment Channel PT 1102 A 1 (3) P RT,PAM - SIAS,PAM* - 

Containment Pressure Measure-        
ment Channel PT-07-2 A 1 (3) P - - RT,SIAS,CIS,CSAS - 

Containment Radiation Measure-        
ment Channel GM-3 1 (4) p - - CIS - 
 
P = Protection System Monitoring Input 
RT  = Reactor Trip * SLBA only 
PAM = Post Accident Monitoring 
SIAS = Safety Injection Actuation Signal NOTE: This   table  was  prepared  specifically in 
MSIS = Main Steam Isolation Signal  response to  safety  review  item  1  of  the 
CIS = Containment Isolation Signal  NRC letter from Parr to Uhrig dated 10/10/75.  
CSAS = Containment Spray Actuation Signal  It has  not  been  updated  since.  
SLBA = Secondary Line Break Accident 
LOCA = Loss of Coolant Accident  See  responses to IE Bulletin  79-01B 
     References 2 through 6. 
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TABLE 3. 11- 2 (Cont 1 d) 
 

    Normal Environment   Severe Environment  
Circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 
Terminal Box L105 (MA)        

Containment Temp. Monitoring TE-07-2A 1 (4) - - - PAM - 

Shutdown Cooling Isolation PT-1203 1 (3) - PAM Maintain circuit PAM* Maintain circuit 

Valve Pressurizer Pressure     integrity to  integrity to 
Permissive Interlock     prevent faults  prevent faults 
     from blocking  from blocking 
     valve operation  valve operation 
     if required for  if required for 
     plant shutdown.  boron precipitation 
     However, faults  control. However, 
     can be defeated  faults can be 
     at control board.  defeated at control 
       board. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.11-31 



 

 

TABLE 3.11-2 (Cont'd) 
 
    Normal Environment   Severe Environment  
Circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function  Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box L125 (MB)        

 Neutron Flux Measurement Channel Neut Det #2 1 (7) P RT - - - 

 RCS Hot Leg 1A Temp Measurement        
  Channel TE 1112 HB 1 (5) P RT,PAM - PAM* - 

 RCS Hot Leg 1B Temp Measurement        
  Channel TE 1122 HB 1 (5) P RT,PAM - PAM* - 

 RCS Cold Leg lA2 Temp Measure-        
  ment Channel TE 1112 CB 1 (5) P RT,PAM - PAM* - 

 RCS Cold Leg 1B1 Temp Measure-        
  ment Channel TE 1122 CB 1 (5) P RT,PAM - PAM* - 

 SG 1A Diff. Pressure Measurement        
  Channel PDT 1111 B 1 (3) P RT - - - 

 SC 1B Diff. Pressure Measurement        
  Channel PDT 1121 B 1 (3) P RT - - - 

 SC 1A Level Measurement Channel LT 9013 B 1 (3) P RT,PAM - PAM* - 

 SG 1B Level Measurement Channel LT 9023 B 1 (3) P RT,PAM - PAM* - 

 SG 1A Pressure Measurement        
  Channel PT 8013 B 1 (3) P RT,PAM - RT,MSIS,PAM* - 

 SC 1B Pressure Measurement        
  Channel PT 8023 B 1 (3) P RT,PAM - RT,MSIS,PAM* - 

 Pressurizer Pressure Measure-        
  ment Channel PT 1102 B 1 (3) P RT,PAM - SIAS,PAM* - 

 Containment Pressure Measure-        
  ment Channel PT-07-2B 1 (3) P - - RT,SIAS,CIS,CSAS - 

 Containment Radiation Measure-        
  ment Channel GM-4 1 (4) P - - CIS - 

 Containment Temp.Monitoring TE-07-2B 1 (4) - - - PAM - 
   
 *SLBA only 
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TABLE 3.11-2 (Cont'd) 

 
    Normal Environment   Severe Environment  
circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function  Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box L103 (MC)        

Neutron Flux Measurement Channel Neut Det #3 1 (7) P RT - - - 

RCS Hot Leg 1A Temp Measurement        
Channel TE 1112HC 1 (5) P RT,PAM - PAM* - 

RCS Hot Leg 1B Temp Measurement        
Channel TE 1122HC 1 (5) P RT,PAM - PAM* - 

RCS Cold Leg lA2 Temp Measure-        
ment Channel TE 1112CC 1 (5) P RT,PAM - PAM* - 

RCS Cold Leg lBl Temp Measure-        
ment Channel TE 1122CC 1 (5) P RT,PAM - PAM* - 

SG 1A Diff. Pressure Measurement        
Channel PDT 1111 C 1 (3) P RT - - - 

SG 1B Diff. Pressure Measurement        
Channel PDT 1121 C 1 (3) P RT - - - 

SG 1A Level Measurement Channel LT  9013 C 1 (3) P RT,PAM  PAM*  

SG 1B Level Measurement Channel LT  9023 C 1 (3) P RT,PAM  PAM*  

SC 1A Pressure Measurement        
Channel PT  8013 C 1 (3) P RT,PAM  RT,MSIS,PAM* - 

SG 1B Pressure Measurement        
Channel PT  8023 C 1 (3) P RT,PAM  RT,MSIS,PAM* - 

Pressurizer Pressure Measure-        
ment Channel PT  1102 C 1 (3) P RT,PAM  SIAS,PAM* - 

Containment Pressure Measure-        
ment Channel PT-07-2C 1 (3) P - - RT,SIAS,CIS,CSAS - 

Containment Radiation Measure-        
ment Channel GM-5 1 (4) P - - CIS - 

Pressurizer Level Monitoring LT-111OX 1 (3) - PAM - PAM* - 
 

 
 *SLBA only 
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TABLE  3.11-2 (Cont'd) 
 
    Normal Environment   Severe Environment  
circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function  Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box L123 (MD)        

Neutron Flux Measurement Channel Neut Det #4 1 (7) P RT - - - 

 RCS Hot Leg 1A Temp Measurement        
  Channel TE 1112HD 1 (5) P RT,PAM - PAM* - 

 RCS Hot Leg 1B Temp Measurement        
  Channel TE 1122HD 1 (5) P RT, PAM - PAM* - 

 RCS Cold Leg lA2 Temp Measure-        
  ment Channel TE 1112CD 1 (5) P RT,PAM - PAM* - 

 RCS Cold Leg 1B1 Temp Measure-          
  ment Channel                    TE 1122CD    1 (5) P RT,PAM - PAM* - 

 SC 1A Diff. Pressure Measurement        
  Channel PDT 1111 D 1 (3) P RT - - - 

 SC 1B Diff. Pressure Measurement        
  Channel PDT 1121 D 1 (3) P RT - - - 

 SG 1A Level Measurement Channel LT  9013 D 1 (3) P RT, PAM - PAM* - 

 SG 1B Level Measurement Channel LT  9023 D 1 (3) P RT, PAM - PAM* - 

 SG 1A Pressure Measurement        
  Channel PT 8013 D 1 (3) P RT, PAM - RT, MSIS, PAM* - 

 SG 1B Pressure Measurement        
  Channel PT 8023 D 1 (3) P RT, PAM - RT, MSIS, PAM* - 

 Pressurizer Pressure Measure-        
  Channel PT 1102 D 1 (3) P RT, PAM - SIAS, PAM* - 

 Containment Pressure Measure-        
  ment Channel PT-07-2D 1 (3) P - - RT, SIAS, CIS, CSAS  - 

 Containment Radiation Measure-        
  ment Channel GM-6 1 (4) P - - CIS - 

 Pressurizer Level Monitoring LT 1110Y 1 (3) - PAM - PAM* - 
 
 *SLBA only 
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TABLE 3.11-2 (Cont'd) 
 
 
    Normal Environment   Severe Environment  
circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function  Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box L123 (MD)         

Shutdown Cooling Isolation PT-1104 1 (3) - PAM Maintain circuit PAM* Maintain circuit 
 Valve Pressurizer Pressure     integrity to  integrity to 
 Permissive Interlock     prevent faults  prevent faults 
      from blocking  from blocking 
      valve operation  valve operation 
      if required for  if required for 
      plant shutdown.  boron precipitation 
      However, faults  control. However, 
      can be defeated  faults can be 
      at control board.  defeated at control 
        board. 
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TABLE 3.11-2 (Cont’d) 
 

 
    Normal Environment  Severe Environment
Circuit Primary No. Cables Normal  Anticipated Transients  SLBA/LOCA
Function Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box C107 (SA)        

Containment Isolation V2516 1 (2) - - - De-energize - 
Valves (Air Operated) FCV-25-3 1 (2)    pilot solenoid to  
Pilot Solenoid Control V3661 1 (2)    vent air from  
      valve operator allowing  
      valve to close  

Containment Isolation V2516 1 (5) - - - Verify valve - 
Valves (Air Operated) FCV-25-3 1 (5)    closure by  
Pilot Solenoid Control V3661 1 (5)    position  
      Indication  

Containment Fan HVS-1A 1 (4) - - - Maintain circuit integrity to  
Cooler Isolation HVS-1B 1 (4)    prevent faults from interrupting 
Button Control      fan cooler operation.  

Shutdown Cooling * V3481 1 (5)   Maintain circuit Not required Maintain circuit 
System Isolation V3651 1 (5)   integrity to pre- Push button integrity to pre- 
Valve Local Push     vent faults from locked out at vent faults from 
Button Control     blocking valve control room. blocking valve 
     operation if re-  operation if re- 
     quired for plant  quired for boron 
     shutdown.  precipitation 
       control. 

Shutdown Cooling V3481 1 (7) Maintain circuit Maintain circuit Maintain circuit Maintain circuit  Maintain circuit 
System Isolation V3651 1 (7) integrity to integrity to integrity to integrity to integrity to 
Valve Limit Switch   prevent faults prevent faults prevent faults prevent faults prevent faults 
   from causing from causing from preventing from causing from preventing 
   spurious valve spurious valve valve opening spurious valve valve opening 
   opening opening if required for opening. if required for 
     plant shutdown.  boron precipitation 
       control. 

Pressurizer Auxiliary ISE-02-3 1 (2) - - Operate valve if Close valve for Operate valve if 
Spray Valve Solenoid     required for containment iso- required for boron 
Control     plant shutdown. lation if open precipitation 
       control 
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TABLE 3.11-2 (Cont'd) 
 
 

 
    Normal Environment  Severe Environment
Circuit Primary No. Cables Normal  Anticipated Transients  SLBA/LOCA 
Function Device (No. Cond.) Operation Short Term Long Term Short Term Long Term  

Terminal Box C129 (SB)        

Containment Isolation V 2515 1 (2) - - - De-energize pilot - 
Valves (Air Operated) FCV-26-1 1 (2)    solenoid to vent  
Pilot Solenoid Control      air from valve  
      operator allowing  
      valve to close  

Containment Isolation V 2515 1 (5) - - - Verify valve - 
Valves (Air Operated) FCV-26-1 1 (3)    closure by posi-  
Position Limit Switch      tion indication  

Containment Fan HVS-ID 1 (5) - - - Maintain circuit integrity to  
Cooler Local Push      prevent faults from interrupting 
Button Control      fan cooler operation.  

Shutdown Cooling * V3480 1 (5) - - Maintain circuit Not required. Maintain circuit 
System Isolation V3652 1 (5)   integrity to pre- Push button integrity to pre- 
Valve Local Push     vent faults from locked out at vent faults from 
Button Control     blocking valve control room blocking valve 
     operation if re-  operation if re- 
     quired for plant  quired for boron 
     shutdown.  precipitation 
       control. 

Shutdown Cooling V3480 1 (7) Maintain circuit Maintain circuit Maintain circuit Maintain circuit Maintain circuit 
System Isolation V3652 1 (7) integrity to pre- integrity to pre- integrity to pre- integrity to pre- integrity to pre- 
Valve Limit Switch   vent faults from vent faults from vent faults from vent faults from vent faults from 
   causing spurious causing spurious preventing causing spurious preventing valve 
   valve opening valve opening valve opening If valve opening opening if required 
     required for plant  for boron precipi- 
     shutdown  tation control 
 
*  Note:  Cables for pushbutton lifted per PCM 84133 
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TABLE 3.11-2 (Cont'd) 
 
    Normal Environment   Severe Environment  
Circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box C127 (SB)        

Containment Isolation FCV-25-4 1 (2) - - - De-energize pilot  
Valves (Air Operated)      solenoid to  
Pilot Solenoid Control      vent air from  
      valve operator  
      allowing valve to  
      close  

Containment Isolation Valves FCV-25-4 1 (5) - - - Verify valve - 
Position Limit Switch ISE-01-1 1 (3)    closure by posi-  
      tion indication  

Containment Fan HVS-1C 1 (5) - - - Maintain circuit integrity to pre- 
Cooler Local Push      vent faults from interrupting fan 
Button Control      cooler operation. 

Pressure Auxiliary ISE-02-4 1 (2) - - - Close valve for Operate valve if 
Spray Valve Solenoid      containment iso- required for boron 
Control      lation if open precipitation 
       control 

Containment Hydrogen SV-27-5 1 (5) - - - Not required. Operate valves for 
Analyzer Isolation Valve SV-27-6 1 (5)    Valves normally containment hydrogen 
Solenoid Control SV-27-7 1 (5)    closed sampling 

RCP Bleed-off Isolation ISE-01-1 1 (2) - - - De-energize to Maintain circuit 
Valve Solenoid Control      close valve integrity to pre- 
       vent valve opening 

Terminal Box C109 (SA)        

Containment Hydrogen SV-27-1 1 (5) - - - Not required. Operate valves for 
Analyzer Isolation SV-27-2 1 (5)    Valves normally containment hydrogen 
Valve Solenoid Control SV-27-3 1 (5)    closed sampling 
 SV-27-4 1 (5)      

Terminal Box M101 SA        

Shutdown Cooling V3481 1 (3) - - Provide power for Not required. Provide power for 
System Isolation V3651 1 (3)   valve operation Valve normally valve operation if 
Valve Power Supply     if required for closed. Power required for boron 
     plant shutdown. locked out at precipitation 
      control room. control. 
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TABLE 3.11-2 (Cont'd) 

 
 
    Normal Environment   Severe Environment  
Circuit Primary No. Cables Normal  Anticipated Transients   SLBA/LOCA  
Function Device (No. Cond.) Operation Short Term Long Term Short Term Long Term 

Terminal Box M123 (SB)        

Shutdown Cooling V3480 1 (3) - - Provide power for Not required. Provide power for 
System Isolation V3652 1 (3)   valve operation Valve normally valve operation if 
Valve Power Supply     if required for closed. Power required for boron 
     plant shutdown locked out at precipitation 
      control room control 
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TABLE 3.11-3 
 

LOW VOLTAGE TERMINATION FAILURE POTENTIAL 
 

 
 
 
 
Device 

 
Cable Size & 
Current Carrying 
Capacity  

 
Device 
Operating 
Voltage  

Circuit 
Primary 
Protective 
Fuse  

 
Max. Current 
In Shorted 
Cable  

 
 
Failure Effects on 
Adjacent Terminations  

 #16 AWG     
Level Transmitter 5A MIN 45V DC Max 1/8 A 0.2A None 

Pressure #16 AWG     
Transmitter 5A MIN 45V DC Max 1/8 A 0.2A None 

Flow #16 AWG     
Transmitter 5A MIN 45V DC Max 1/8 A 0.2A None 

Diff Pressure #16 AWG     
Transmitter 5A MIN 45V DC Max 1/8 A 0.2A None 

Temp Transmitter #16 AWG  Current   
RTD'S 5A MIN 24V DC Max Lim. Ckt. 0.02A None 

Vibration   Current   
Monitors #16 AWG  Limiting   
(Loose Parts) 5A MIN 28V DC Circuit 0.1A None 

 #16 AWG Negligible Current Negligible  
Thermocouples TC-Cable (Millivolts) Lim. Ckt. ( μ A) None 

E/P - Electro #16 AWG  Current   
Pnematic Converter 5A MIN 45V DC Max Lim. Ckt. 0.2A None 

CEDM Position   Current   
Indicator #16 AWG  Limiting   
(Reed Switches) 5A MIN 28V DC Max Circuit 0.3A None 

 #16 AWG  Current   
Annunciators 5A Min 125V DC Lim. Ckt. .005A None 

Fire Detection and #16 AWG 24V DC Current  None 
Plant Security Systems 5A Min  Lim. Ckt. 0.2A  
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APPENDIX 3A*  
 

SUMMARY OF RESULTS OF ENVIRONMENTAL QUALIFICATION TESTS 
 

A. Fan Cooler Motor Unit Test 

B. Differential Pressure Transmitter Test Report Abstract 

C. Containment Electrical Cable Environmental Qualification Tests 

D. Underground Electrical Cable Qualification for Service in Potentially Submerged Environment 

E. Electrical Penetration Termination and Connector Qualification Tests 

F. Qualification Test of Limitorque Valve Operator in a Simulated Reactor Containment Post 
Accident Steam Environment 

 
 
* Pursuant to the requirements of IE Bulletin 79-01B a re-evaluation of the environmental  

qualification of electrical equipment installed in the plant was performed. This updates the 
information provided in this appendix. Complete documentation of the re-evaluation is available in 
the Records Vault at the site. See Section 3.11 for referencing to FPL responses to the bulletin. 

 
 Information provided in this appendix is historical and shall not be updated; however, it may still  

be similar to the re-evaluation documentation if no changes have taken place.  
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A.  FAN COOLER MOTOR UNIT TEST 
 
Tests reported in 1969 demonstrated the effectiveness of a heat exchanger assembly in isolating 
motor windings from the steam and chemistry environments of a post design basis event in a nuclear 
reactor containment. Subsequent tests have established long-term bearing life of such a motor and 
the radiation resistance of the windings. Additional steam exposure tests are now reported to comply 
with all provisions of the Guide for Type Tests of Class I Motors Installed Inside the Containment of 
Nuclear Power Generating Stations, IEEE Guide 334. Also, these tests qualified design features not 
included in the original motor. Steam exposure tests of IEEE 334 were also performed on the same 
motor without the heat exchanger to qualify the motor for short-term, postevent operation. The Guide 
makes no provision for extrapolation to long-term postevent service and neither prescribed tests nor 
others conducted to this date are considered adequate to insure long-term, postaccident service 
without benefit of a heat exchanger. 
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B.   DIFFERENTIAL PRESSURE TRANSMITTER TEST REPORT ABSTRACT 
 
The following is an abstract of Fischer & Porter Co. Test Report DP-2204-51-B-006 dated December 
2, 1968 which was issued as a qualifying type test for Fischer & Porter Co. pressure transmitters 
under special environmental conditions. 

1.  PURPOSE 

 The purpose of this project was to design a Differential Pressure Transmitter, 
which could withstand a special environmental application of live steam for a 
period of up to 24 hours. This special application was necessitated due to a failure 
of a pressure vessel or steam line in an enclosed housing, which contains an 
atomic reactor. The application of this instrument is for the nuclear power industry. 

2.  CONCLUSIONS 

 Engineering was successful in meeting the specifications. Using Figures 1 and 2 
of this specification, which covers the steam temperature-time cycle, a unit was 
successfully run under these environmental conditions.  

 The results of these tests during the maximum steam and temperature cycle (90 
psia saturated steam - 320°F) was a zero shift after 1 hour of +3.5% of span (see 
Figure 4). A calibration run was made at this time and no measurable span shift 
was observed. It should also be noted that during the entire time cycle a 
differential pressure of 30% of span was applied. At the end of an additional 1-3/4 
hours at 60 psia saturated steam pressure, a calibration run was made with a 
resulting zero shift of +3% of span and no measurable span shift (see Figure 4). 

 At the end of the test, which was of 24 hours duration, a final calibration run was made 
after the unit had returned to ambient, and the resulting offset at zero was -1.5% of 
span (see Figure 6). There was no measureable change in span. It is felt that this final 
offset was due to the fact that this was the first time the unit had been subjected to 
such a high ambient temperature. 

 The pressure to current transducer (P/I), which will also be used in the same 
environmental conditions, will also meet the same specifications. The transmitter 
has the same basic components as those used in the electronic differential 
pressure transmitter, with the exception of the pressure elements. The electronic 
components, that is, the oscillator-amplifier, detector and force motor are identical. 
All modifications made to the electronic DP transmitter are also being made to the 
pressure to current transducer. The transmitter housing, which uses the same 
cover as the DP transmitter, will be sealed from the steam environmental 
conditions in the same manner as the electronic DP transmitter. 

 
 
 
 
 
 
 
 
 
 
 
 3A-3 



 It should be noted that since the pressure element is in the sealed housing in the 
pressure to current transmitter, that during the temperature cycle there will be an 
increase in pressure in the housing of up to 10 psig. Since this pressure is on the 
outside of the pressure element it will have an effect of changing the zero. 
However, with the pressure ranges specified, the zero shift will be quite small. As 
an example, with a 1000 psi rated pressure the zero shift would be 1%, and this 
can be projected down to using a 100 psi element - the zero shift would be 10%. 
Therefore, it becomes essential that if the process pressures are low enough, and 
the zero shift would be detrimental to the operation of the unit, that absolute 
pressure transmitters should be specified and used. 

 To insure that the production transmitters, both P/I and DP, meet the 
specifications, two additional tests will be added to the standard production final 
testing. These tests will be as follows: a) All oscillator-amplifiers will be 
temperature tested at 320° F for a period of 1/2 hour to insure their functioning at 
the higher temperature; b) After final assembly and calibration the transmitters will 
be pressure checked, that is, 75 psig of helium will be added inside the transmitter 
housing to check for any possible leaks. The leak test will be conducted on the 
Mass-Spectrometer leak detecting device. 

3.  DISCUSSION 

 The following is a discussion of the methods and procedures used in testing the 
unit under the environmental conditions specified. A high pressure chamber 
capable of withstanding pressures of up to 500 psig was used to contain the DP 
transmitter being subjected to the test. The existing pressure line facilities at 
Fischer & Porter contained 100 psig steam pressure, and this was tapped into, 
and a special set-up made. A feeder line was connected with a separate steam 
pressure regulator, and from this a special high temperature flexible tubing was 
attached. A pressure gauge was set at the steam input to the test pressure 
chamber, and a valve and pressure gauge were attached at the output of the test 
pressure chamber. The valve on the output was regulated to maintain a back 
pressure of 75 psig, thus assuring a continuous flow of steam at all times during 
the test. 

 The output of the transmitter (4-20 milliamp) was brought out of the pressure 
vessel through special connections by use of high temperature insulated wire. 
This output was recorded on a 2202 series electronic recorder, and also 
monitored on a digital voltmeter. A record of this output is attached in the 
appendix. (see Figure 3 through Figure 6). 
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 The 30% differential pressure was maintained by exposing the low pressure side 
to atmosphere through connections to the outside, and a 30% of span pressure 
applied to the high pressure side by a precision regulator, using a Press-I-Cell 
(.05% of span accuracy) to monitor this pressure. The range of the transmitter 
was set at 450" H20 on a 150 to 1500" H20 range transmitter, which is equivalent 
to 60" H20 on a 20 to 200" H20 unit. The only difference between these two units is 
that the high range unit uses a bellows as a sensing element and the lower range 
unit uses a diaphragm. All other components are identical. 

 During the course of this investigation we experience no problems under the 
temperature specification once the high temperature oscillator-amplifier was 
designed. We also experienced no problems due to the pressure that the 
instrument would see, that is 75 psig. The major problems occurred when the unit 
was subjected to the saturated steam whether at 25 psia or 90 psia. Because of 
this condition the additional modifications were necessary, including the sealing of 
the housing to prevent the steam from entering the transmitter. Thus it becomes 
essential that the cover be screwed tightly onto the base to prevent the steam 
from entering into the housing. 

4.   APPENDIX 

 The following data is attached: 

a. Containment Environmental Conditions 
 Temperature vs. Time Figure 1 
 Pressure vs. Time Figure 2 

b. Excerpts from the transmitted signal as recorded on the 2202 electronic recorder: 
 Room Temp. Calibration, 8 Oct. Figure 3 
 Calibration runs at 90 psia & 
        75 psia; saturated steam Figure 4 
 Calibration at 50 psia Figure 5 
  Room Temp. Calibration, 9 Oct. Figure 6 
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C.   CONTAINMENT ELECTRICAL CABLE ENVIRONMENTAL QUALIFICATION TESTS 
 
As stated in Section 3.11.3, tests have been performed on cable equivalent to designated categories 
I-A and I-B. Table 3A-I is a tabulation of design data and environmental test results which 
demonstrate that Category I-A and I-B cable purchased for use inside the containment will withstand 
their respective environmental design bases listed in Table 3.11-1. 
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CONTAINMENT ENVIRONMENTAL CONDITIONS 
 

TEMPERATURE VS TIME 
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CONTAINMENT ENVIRONMENTAL CONDITIONS 
 

TEMPERATURE VS TIME 
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(NEED TO INSERT FIGURE 3 & FIGURE 4) 
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 THE 
 OKONITE 

 COMPANY 

Post Ofice Box 340 
Ramsey, New Jersey 07446 

201-825-0300/Cable Okonite 
 

 
 

RADIATION CERTIFICATION 
 

Florida Power & Light Co. 
Hutchinson Island Plant 

 
The Okonite Company certifies that the cable presently on order under Ebasco Purchase Order No. 
NY 422274 and its supplement No. 1 will be serviceable for a period of one year or longer after a 
postulated reactor incident following forty (40) years of normal operation as described in Ebasco 
Specification Nos. FLO-8770-292-B, Rev. 3 of October 6, 1971 and FLO-8770-291-B, Revision 2 of 
August 16, 1971. 
 
The environmental conditions listed in the specifications, as changed by your letter to us of December 
15, 1971, are as follows: 
 
 The cable shall be designed to be serviceable for the following service cycles: 
 
 (a) 39 years and 11 months, normal conditions  

Temperature -  120° F (49°C)  
Pressure  - 0 psig 
Relative Humidity - 40% 
Radiation  - 1 Rad/hr 
 

  (b) Two Hour Emergency Environment Conditions. The cable shall be designed to be 
serviceable when subjected to the environmental conditions listed below after meeting 
the normal conditions in (a). 
Temperature  -  270° F (130° C)  
Pressure  - 44 psig 
Relative Humidity  - 100% 
Avg. Radiation Dose          2 x 106 Rads/hr.*  
 

  (c) Two to Twenty Four Hour Emergency Environment Conditions. The cable shall be 
designed to be serviceable when subjected to the environmental conditions listed below 
after meeting the conditions in (a) and (b). 
Temperature  -  240° F )115° C)  
Pressure  - 27 psig)  
Relative Humidity -  100% 
Avg. Radiation Dose   1 x 106 Rad/hr.  

 
 (d) Maximum Long Term Emergency Environmental Conditions - Twenty-Four Hours to One 

Year. The cable shall be designed to be serviceable when subjected to the 
environmental conditions listed below after meeting the conditions in (a), (b) and (c). 
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Radiation Certification 
 
Florida Power & Light Co. 
Hutchinson Island Plant 
 
Page No. 2 

 
 
 
 

(d) (continued)  

Temperature - 190° F (85° C) decaying to 150° F (66° C) at 
the end of 31 days and to 130° F at the end 
of one year 

Pressure - 25 psig decaying to 5 psig at the end of 31 
days and to 1 psig at the end of one year 

Relative Humidity - 100% 

Avg. Radiation Dose 150 x 103 Rads/hr. decaying to 3 x 103 

Rad/hr. at end of 31 days and to 100 Rad/hr. 
after 90 days. 

A borated water spray of approximately 1660 ppm as Boric Acid shall be applied 
continuously during the one year environmental conditions. (b), (c) and (d) 

* The decay of radiation for the accident conditions were derived from the following: 

2 x 106 Rads/hr., decay to 1/2 at 10 hours, 1/3 at 20 hours, 1/4 at 40 hours, then 100 
Rads/hr. at 90 days. 

 
The Okonite Company further certifies that tests have been performed on cables of the same 
formulation and construction, that validates this certification. 
 

THE OKONITE COMPANY 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 

 

TABLE 3A-1 
 

CONTAINMENT ELECTRICAL CABLE 
ENVIRONMENTAL QUALIFICATION TESTS 

 
 
 

Environ-
mental 

   
 

 
Qualification Tests Performed 

 
Vendor 

Classifi-
cation 

 
Usage 

Insulation 
Material 

Jacket 
Material 

Accelerated 
Aging 

Radiation 
Insulation 

Resistance (D) 

Jacket 
Post-LOCA 
Environment 

Flame 
Tests 

 

Boston Ins IA Radiation* Silicone Rubber  CSPE Not Performed 1.8 x 108 1.8 x 108 Passed B IPCEA S-19-81 & S-66-524 
Wire & Cable Co.  monitoring Sys or XLPE        
 IB Radiation PVC or XLPE  CSPE Not Performed 1 x 106 1.8 x 108 Passed B IPCEA S-61-402 & S-66-524 
  monitoring Sys         

Cerro Ins IA Safety Related*' XLPE Neoprene  Not Performed 1 x 108 1 x 108 Passed A,B IPCEA S-66-524 
& Cable Co.  and Post LOCA         
  Monitoring Equip.         
 IB General (See  XLPE Neoprene  Not Performed 1 x 108 1 x 108 Passed A,B IPCEA S-66-524 
  Note #2)         

Okonite 5 IA Containment*  EPR Neoprene  Not Performed 1 x 108 1 x 108 Passed B,C IPCEA S-68-516 
  Fan Coolers         

Raychem Corp. IA Safety Related*  XLPE XL In Progress 2 x 108 2 x 108 Passed A, B IPCEA S-66-524 
& Cable Co.  and Post LOCA  Polyo-       
  Monitoring Equip.  lefin       
 IB General (See  XLPE XL Poly- In Progress 2 x 108 2 x 108 Passed A, B IPCEA S-66-524 
  Note #2)  olefin       

Continental IB General  XLPE PVC Not Performed 1 x 108 1 x 107 Passed B,C IPCEA S-66-524 
Wire & Cable Co.          Plus ISA for Thermocouple 

General Cable Co.  IB General XLPE PVC Not Performed 2 x 108 5 x 105 Passed B,C IPCEA S-66-525 S-61-402 

Rome Cable IB General XLPE PVC Not Performed 5 x 108 1 x 108 Passed B,C IPCEA S-66-524 
 
Notes 
1. Above cables consist of manufacturer's standard materials.  
2. 1A & 1B cables are identical for these vendors but purchased under different specifications with each cable type having it's own unique bill of material number. 
3. All new replacement 600V power and signal cable will be kerite and okonite brand cable. Kerite and okonite insulation maintains the dry/wet/alternately wet and dry properties of crosslinked  

polyethylene cable (CLPE or XLPE) while offering greatly enhanced fire retardency capability. See references to Section 8.3, References I and 2. Environmental qualification data can be found  
therein.  

Symbols 
* Inside Containment only 
A IEEE Vertical Tray Flame Test 
B IPCEA S-19-18 Section 6.19.6 or equal 
C UL-44 horizontal 
D Units in RADS  
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D.    UNDERGROUND CABLE QUALIFICATION FOR SERVICE IN POTENTIALLY- 
    SUBMERGED ENVIRONMENT 
  
All plant cables, including those for Class 1E service, are suitable for service in wet or dry locations 
and are tested in accordance with Insulated Power Cable Engineers Association, (IPCEA), National 
Electrical Manufacturers Association (NEMA), Association of Edison Iluminating Companies (AEIC) 
Standards, and purchase order specifications (as applicable) to insure their suitability for normal, (dry, 
alternately wet and dry, and submerged) conditions of service in tray, conduit and underground 
installations. 
 
Class 1E cables are not directly buried or installed for submarine service. These cables are installed 
indoors in cable tray or conduit and outdoors in underground duct banks. The underground duct 
banks are installed above the normal water table. 
 
Concern has been expressed by the Regulatory Staff as to the compatability of St. Lucie underground 
cable with the service environment, i.e., have the cables been adequately qualified for the conditions 
they might experience during their service life. The propriety of utilizing the cables for this service has 
been reevaluated and the suitability for the service environment reaffirmed. Basically, the 
environmental qualification study consisted of three parts, namely, 

1. Insitu Cable Experience 

 The underground cable system of Miami Beach closely duplicates the St. Lucie 
service environment. The performance of cable on this system was reviewed to 
determine whether or not the dry, alternately wet and dry, and flooded conditions 
experienced by the Miami Beach cable results in cable failure due to deterioration. 
This review, which included all failure data since 1945, indicates that there has 
"never" been an electrical deterioration failure of any kind in the Miami Beach 
system. 

2. Experimental Confirmation 

 Four cable manufacturers have performed independent tests to demonstrate that 
the modern insulations utilized for St. Lucie cable have superior resistance to 
electrical deterioration than the insulations that have performed so well at Miami 
Beach. Each cable manufacturer has independently demonstrated that the 
modern insulations are superior. Thus, the St. Lucie cable life will undoubtedly 
exceed that of the Miami Beach cable. 

3.  Expert Opinion 11 

 Two nationally recognized cable experts have reviewed the cable for the intended 
service environment. Both conclude that it is adequately qualified for the service 
environment. 
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The qualifications of the cable experts are provided as Tables 3A-D1 and 3A-D2. Details of the Miami 
Beach service experience and the testing conducted by the cable manufacturers is provided infra. 
The conclusion reached is that the cables have been adequately qualified for the service 
environment. In this regard it is noteworthy that the new insulations exhibit stable electrical properties 
(power factor), i.e., test data indicate that the propensity of the modern cable is to stabilized electrical 
properties. Because of this,electrical stability tests in 90°C water were terminated after 36 months. 
 
Insitu Cable Experience 
 
Confidence in the ability of the underground cables at St. Lucie to operate satisfactorily in a 
potentially submerged or alternately wet and dry environment can be demonstrated by extensive 
Florida Power and Light experience with underground duct and manhole installations in which cables 
have actually been subjected to environmental conditions similar to or more severe than those that 
can be expected at St. Lucie. The Miami Beach underground electrical distribution system installation 
provides an excellent experience base to establish a confidence level for the St. Lucie installation. 
The bases being that the Miami Beach system provides; 

a) An extensive and long established underground distribution system with a 
systemized recorded failure data base for the last thirty years. 

b) A natural environment which includes high temperatures, decaying vegetation, 
torrential rains, and hurricanes. 

c) An underground distribution system that sees the potential wet and dry conditions, 
or combination thereof, that are characteristic of the St. Lucie installation. Part of 
the system is continually submerged; part is installed near the normal tide line and 
hence, is wet twice a day; and the remainder is installed above the normal high 
tide line and hence is subjected to occassional submergence from rain or 
hurricane driven sea water. 

 
It is noteworthy that in the Miami Beach system no attempt has ever been made to control the water 
level in any underground installation except as required to facilitate personnel access into the 
underground system and manholes. In addition one of the cable experts, Mr. W. A. Thue has been 
personally involved in the Miami Beach system. Being directly involved in system development and 
normal occurrence evaluation for 25 years. 
 
Table 3A-D4 provides a chronology of 600 volt cable installation on Miami Beach by type since 1957. 
Table 3A-D3 provides the cable feet - years experience record for this cable since 1957. Data on 
cable feet prior to 1957 is not readily available. However, cable failure records since 1945 are 
available, thus any correlation of failure data and cable feet - years based on Miami Beach data 
would be conservatively biased. 
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Since 1956 Florida Power and Light has installed over 600,000 feet of cable ranging in size from #12 
AWG to 1500 kcmil butyl rubber insulated 600 volt rated cable on Miami Beach. This represents over 
7,000,000 cable feet-years of experience. Many more cable feet of cable were installed prior to 1956. 
Over the facilities service life the St. Lucie underground installation represents but a small fraction of 
this greater than 7,000,000 cable feet years insitu experience base. 
 
A review has been completed of all cable failure records since 1945 along with confirmatory 
interviews of supervisors, splicers, and engineers in the Miami Beach district. The results indicate an 
extraordinary experience record. There has "never" been an electrical deterioration failure of any kind 
on these cables or the splices associated with them. It is also noteworthy that there is no known data 
to contradict this outstanding reliability record from any other utility that has utilized butyl rubber 
insulated cable in underground installations. It must be noted however, that failures do occur. These 
have occured due to mechanical damage (e.g. damage during installation) that are not germane to a 
discussion of environmental qualification of cables. Preservice testing procedures at St. Lucie detect 
the presence of such mechanical damage prior to plant operation, thereby obviating the need to 
consider these failures during inservice operation. 

Experimental Confirmation 
 
Butyl rubber insulated cables have had excellent in-service experience as indicated by the Miami 
Beach underground distribution service record. However, technological advances has made available 
newer superior insulating materials, namely, crosslinked polyetheline (XLPE or CLPE) and ethylene 
propylene rubber (EPR or EPM). These newer insulations have been utilized widely by the industry 
for the last five to ten years. They provide superior performance to that experienced with butyl rubber. 
 
Since an acceptable inservice data base is available for the butyl rubber insulation, qualification of the 
newer materials is readily accomplished through laboratory testing. The new materials and the butyl 
rubber must undergo appropriate identical tests. To qualify the new materials it is necessary and 
sufficient that these materials have resistance to electrical deterioration equal to or greater than butyl 
rubber. The test results clearly indicate the superior characteristics of these new materials. Whatever 
tests these newer insulations are subjected to as a means to determine their electrical stability in wet 
or dry locations, the new crosslinked polyethylene or ethylene propylene materials out perform the old 
butyl types Florida Power and Light has in service on Miami Beach by 2 to 6 times or more. 
 
Typical evidence in regards to the superior performance to be expected with crosslinked polyethylene 
or ethylene propelene rubber is provided as follows; 

1. Excerpts concerning moisture resistance from technical paper, T 74 044-4 
presented by Okonite at the IEEE Power Engineering Society Winter Meeting in 
1974. (Attachment 1 to Section 3A Part D) 
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2. The Okonite Company (Attachment 2 to Section 3A Part D) 

a) An Okonite Company letter of November 27, 1974 to Ebasco Services, Inc. 

b) Graphical representation indicating stability of various insulations in water at a 
temperature of 90°C. 

3. General Cable Corporation (Attachment 3 to Section 3A Part D) 

a) Test results of long term immersion in water at 90°C. 

b) Aging evaluation of General Cable for inside and outside containment.  

4. Cyprus Wire and Cable Company (formerly Rome Cable) (Attachment 4 to 
Section 3A Part D) 

a) Cyprus Wire and Cable Company letter of November 26, 1974 to Ebasco Services, 
Inc. 

5. Raychem Corporation (Attachment 5 to Section 3A Part D) 

a) Raychem Corporation letter of November 27, 1974 to Ebasco Services, Inc. 

The following provides a summary of the cable tests and results thereof: 

1. Moisture resistance (See Attachment 1) 

 In the 1950-57 era IPCEA developed a 16 week test procedure based on a 
continuous immersion at 50°C while under 600 volts dc to provide a means of 
assessing the effect of moisture resistance on cable life. Today, modern 
insulations can be immersed at 75°C, under the same dc potential, for 1 1/2 to 2 
years, or more. Cables at the first generation reactors (1957 vintage), i.e. 
Shippingsport, Indian Point and Peach Bottom, have not experienced insitu  
problems due to moisture. This experience adds to the large base of successful 
cable performance, whereas, the test data provided on modern insulations 
reaffirms the high confidence level associated with these new materials.  

2. The Okonite Company (See Attachment 2) 

 The Okonite Company compared the performance of the older butyl insulation, 
used so successfully in the Miami Beach distribution system, with the performance 
of the crosslinked polyethylene and ethylene propelene rubber insulation, used on  
the cables installed at St. Lucie. The tests were made on small sample cables at 
90°C, which is the maximum operating temperature for the insulations. Power 
factor, which is a measure of cable losses, is used to indicate insulation integrity, 
and is one of the best methods to determine degradation due to moisture. 

 The results indicate that at the start of the test the butyl insulation has a power 
factor of about 5 percent. (See Figure 3A-D1.) After 12 months the power factor 
has increased to 30 percent at which point the insulation is judged to be unfit for 
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 service. In contrast, the "Natural CLPE", the insulation used at St. Lucie Unit 1, 
has an initial power factor less than one percent. As the test continued, the power 
factor decreased slightly to about one half of one percent. After 36 months the test 
was discontinued due to the remarkable electrical stability of the insulation. 

 The tests show that for EPM insulation (more generally called EPR) the initial 
power factor was 2.7 percent which decreased to about two percent and remained 
stable. Again the test was discontinued at 36 months. 

 These tests indicate that the crosslinked polyethlene and EPR insulations have 
lower initial power factors than the butyl insulation. Both the crosslinked 
polyethylene and the EPR insulations performed without deterioration for 36 
months. With the butyl insulation, the power factor increased continually and 
reached an intolerable value within 12 months. In conclusion, the crosslinked 
polyethylene and EPR insulations show superior performance for at least three 
times as long as the butyl insulation, which gave satisfactory service in the Miami 
Beach distribution system. 

3. General Cable Corporation (See Attachment 3) 

 A test performed by General Cable provides an indication of long life expected for 
crosslinked polyethylene insulation. The cable samples were energized 
continuously at 600 volts. The life of the sample cable immersed in 90°C water 
was 951 days or approximately 2.6 years. It must be noted that failure occurred At 
a test overvoltage of 1200 volts a-c. This is well above the operating voltage 
(480V) for this class of cable at St. Lucie. 

 An evaluation was performed and documented by Florida Power & Light Power 
Plant Engineering (EPO-86-805-E-2). Utilizing the LOCA profile of the Franklin  
Institute Test certified by General Cable for the cable supplied for St Lucie Unit 1  
by their letter of May 3, 1973 (found in St Lucie Unit 1 Document Package  
8770.A.451 8.0, Section 3), it can be demonstrated that the cable is qualified for  
40 years of containment service plus the required Design Basis Event (DBE) 
service. The same documentation also demonstrates that the cable is qualified for  
40 years of Steam Trestle service plus the required Design Basis Event (DBE)  
service.  

4. Cyprus Wire and Cable Company (Formerly Rome Cable) 
 (See Attachment 4) 

 Air oven tests were performed by Cyprus on crosslinked polyethylene insulation. 
These tests were made at 135°C, 150°C and 175°C. The Arrhenius plot of these 
points indicated life of 50 years at 90°C, the rated maximum insulation operating 
temperature. (See Figure 3A-D2). 

 Air oven tests and Arrhenius plots represent one method used by cable 
manufacturers to evaluate cable insulations. These tests supplement tests in 
water, examples of which have been previously discussed. The objective is a 
balance of electrical and physical properties which will insure long life under 
operating conditions. 

5. Raychem Corporation (Attachment 5) 

 Raychem has tested sample cables continuously immersed in water at 75°C in 
excess of twenty months with no failures. This data confirms the test results 
obtained by the other cable vendors. 
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Conclusion 
 
In summary, the past performance of similar cables in an even more severe environment has shown 
their service reliability to be unaffected by any form of water for over 25 years. The newer insulations 
have been evaluated All accelerated tests indicate that they outperform those cables that have been 
used at Miami Beach. 
 
The foregoing experience and testing demonstrate ipso facto that the cables installed at St. Lucie will 
have greater than a 40 year service life in a dry, alternately wet and dry, or potentially submerged 
environment. 

 
TABLE 3A-D1 

 

QUALIFICATIONS 
 

W. A. Thue 
 
William A. Thue is the System Operations Engineer - Underground for Florida Power & Light 
Company. He has been employed there since 1946 in various positions in the Engineering, 
Construction and Operating Departments. His present assignment involves the responsibility for all 
underground transmission, distribution and power plant cables and associated equipment as staff to 
the Group Vice President of Operations. 
 
He is presently Vice Chairman of the Insulated Conductors Committee of the Power Engineering 
Society of the Institute of Electrical and Electronic Engineers. He is the immediate Past Chairman of 
the the Cable Engineering Section of the Association of Edison Illuminating Companies which is the 
source of cable standards for all paper insulated cables in the United States. He also serves as their 
Chairman of Extruded Dielectric Cable Standards. In this field, he also serves as the Chairman of the 
Joint Association of Edison Illuminating Companies-Insulated Power Cable Engineers Association 
Committee for Extruded Dielectric Power Cables. 
 
He is a member of the U. S. National Committee for High Voltage Cables of CICRE (International 
Conference of Large Electric Systems), Committee C-8 (Electric Cables) of American National 
Standards Institute, of the Electric Power Research Institute's Research Project 78 for High Voltage 
Cables, and the Task Force for Power Cable Ampacities. 
 
 
He is the author or coauthor of technical papers such as the "Shielding Performance of Power 
Cables", "Thermal Backfill for Transmission Cables", and "Improved Low Voltage-Direct Buried 
Cables". 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3A-19 



 

 

TABLE 3A-D2 
 

QUALIFICATIONS 
 

L. D. Cronin 
 
Cable Specialist for Ebasco Services Incorporated, New York, New York. Twenty-nine years of 
experience with this company. 
 
Director for 12 years of Ebasco Underground Distribution Research Program that reviews 
continuously the state of the art in Underground Distribution. 
 
Fellow of Institute of Electrical and Electronic Engineers Power Engineering Society. 
 
Consultant for Underground Power Transmission Cable Installations in United States and in Europe 
and Asia. 
 
Consultant for Underwater Power Transmission Cable Installations in United States and in Asia. 
 
Advisory Member of Association of Edison Illuminating Companies Cable. Engineering Section that 
prepares National Cable Specifications. Chairman of Task Groups on 
 
 Guides for Cable Temperature Limits  
 Cable System Test Voltages 
 
Member of Institute of Electrical and Electronic Engineers Power Engineering. Society Insulated 
Conductors Committee that prepares Guides for Cable Installation and Operation. Chairman of 
Overseas Practices Subcommittee. 
 
Edison Electric Institute Chairman of Joint EEI-Bell Systems Subcommittee to Study Buried 
Distribution Systems that prepares Guides for Installation and Operation of Underground Joint Power 
and Telephone Installations. 
 
Member of International Electrochemical Commission that prepares International Cable Standards. 
Member of 
 
 Technical Committee on High Voltage Cables 
 Technical Committee on Low Voltage Cables 
 
Served as Member of Federal Power Commission 
 
 Advisory Committee on Underground Power Transmission 
 Advisory Committee on Power Distribution 
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TABLE 3A-D3 
 

600 VOLT CABLE EXPERIENCE SUMMARY 
 

MIAMI BEACH 
 
 
 
 
 
 

  
 

Year 

 Total 
600v Cable 

Feet 

  
No. of 
Years 

  
600V 

Cable Ft.-Yrs. 

 

  1957  81087  17  1378479  

  58  55493  16  887888  

  59  58887  15  883305  

  60  12207  14  170898  

  61  42144  13  547872  

  62  37156  12  445872  

  63  32851  11  361361  

  64  79822  10  798220  

  65  79571  9  716139  

  66  46411  8  371288  

  67  65118  7  455826  

  68  35952  6  215712  

  69  2328  5  11640  

  70  1347  4  5388  

  71  6608  3  19824  

  72  4139  2  8278  

 Total  641121    7277990  
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TABLE 3A-D4 
 

600 VOLT CABLE RELEASED FOR INSTALLATION 

MIAMI BEACH, FLORIDA 
 
Description 
 600V Butyl Rubber Cable 1957  1958  1959  1960  1961 
    
#12 AWG 6665 3954 4668  760  2550 
   6 AWG 19629 10822 11169  3250  10130 
   2 AWG 6713 4940 8785  1955  3039 
 4/0 AWG 29840 23297 16327  3158  19845 
 500 kcmil 13865 10048 12728  1716  5068 
 750 kcmil 3930 1491 3033  286  1286 
1500 kcmil 445 941 2177  1082  226 
                  Total 81087 55493 58887  12207  42144 

 
 1962  1963  1964  1965  1966 

    
#12 AWG 2210 1721 1910  840  1500 
   6 AWG 6205 14587 17510 34590  8340 
   2 AWG 5197 4905 7050 9112  6463 
 4/0 AWG 11768 8336 40377 26405  22195 
 500 kcmil 10210 2213 9722 5637  4422 
 750 kcmil 1427 842 2291 2560  3082 
1500 kcmil 139 247 962 427  409 
              Total 37156 32851 79822 79571  46411 

 
 1967  1968  1969  1970  1971  1972 

     
 #12 AWG 2480 - - -  -  1000
   6 AWG 19314 3823 - -    -
   2 AWG 10670 9530 - -  -  -
 4/0 AWG 23256 17061 - -  5538  3139
 500 kcmil 5517 3472 1653 1300  -  -
 750 kcmil 3387 1765 621 -  -  -
 1500 kcmil 494 301 54 47  1070  -
                  Total 65118 35952 2328 1347  6608  4139
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ATTACHMENT 1 TO SECTION 3A, PART D 

 
 
Excerpt from paper T74 044-4, "Class 1E Cables for Nuclear Power Generating Stations", by E. E. 
McIlveen, V. L. Garrison, G. T. Dobrowski. 
 
Moisture Resistance 
 
Moisture resistance is a major factor in determining the normal life of a solid dielectric insulated 
conductor.  It has become traditional to gain assurance of long life performance by totally immersing a 
#12 or 14 conductor insulated with a 45 mil wall of dielectric in water at an elevated temperature to 
accelerate the deteriorating effects of moisture.  Monitoring the electrical properties then provides an 
indication of long term behavior.  In the 1950-57 era with service gained experience that negative dc 
potential presented the most severe condition, IPCEA developed a 16 week test procedure along 
these lines based on a continuous immersion at 50°C while under 600 volts dc.  At this time, more 
than sixteen years later, new generation moisture resisting insulations of similar geometry can be 
continuously immersed at 750°C while under the same dc potential, and survive from 1-1/2 to 2 
years, or more.  This is at least 5 times longer and at an effective temperature acceleration rate of 6 
times greater than anticipated by the IPCEA procedure.  Since insulated conductors of the 1957 
vintage dielectrics installed at Shippingsport, Indian Point and Peach Bottom, among others, have not 
experienced distress due to moisture, it can be reasoned that control cable insulations now specified 
which have the capability of withstanding total immersion at 75°C under 600 V dc as discussed herein 
should develop the designed life of the cable plant.  Fig. 1 presents data for a 45 mil wall of an 
ethylene-propylene base insulation conductor, and Fig. 2 illustrates the electrical behavior of a 
composite wall composed of 30 mils EP base plus 15 mils neoprene compound. 
 
Reference to Table I discloses similar data for an ethylene-propylene base dielectric and also a flame 
resistant cross-linked polyethylene compound (FR-CLPE), but at 90°C continuous water immersion 
while under 600 V ac potential except when percent power factor (% PF) and the specific inductive 
capacity (SIC) are being measured at 40 and 80 V/mil ac.  Following each test measurement the 
specimens were subjected to a 5 minute withstand test at 110 V/mil.  The specific insulation 
resistance (SIR) were made at 500 V dc while at 90°C.  The difficulty of predicting long term 
performance based on the customary 2 week test data is obvious.  It may be of interest that the time 
to failure for a particular specimen is a complex function of several variables, one of which is the 
degree of mechanical perfection of the dielectric wall.  Failure is often sudden with little or no 
forewarning, and occurs when the cable is undergoing 60 cycle power factor and capacity 
measurement, or during the subsequent withstand at 110 V/mil. 
 
Fig. 3 not only shows the SIC values for an ethylene-propylene base insulation during a long term 
continuous water immersion study, but also the accelerating effect of temperature as manifested by a 
change in the 60 cycle capacity.  The 142°C/42 psig steam autoclave exposure further accelerates 
tire increase in the SIC value but could change the reaction mechanism.  In any event, if plotted on 
Fig. 3 the end point is still some two years out on the time scale. 
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ATTACHMENT 2 TO 
APPENDIX 3A, PART D. 

  
 

 THE 
 OKONITE 

 COMPANY 

Post Ofice Box 340 
Ramsey, New Jersey 07446 

201-825-0300/Cable Okonite 
 

 
November 27, 1974 

 
 
Mr. L. D. Cronin 
Ebasco Services, Inc. 
2 Rector Place 
New York, New York 10006 
 
Dear Mr. Cronin: Subject:  St. Lucie Plant -- Cable 
 Performance Certification 
 
With reference to our conversation on November 26, 1974, this was relative to Qualification Testing of 
Class IE Cables for Submerged Service, Ebasco Project No. FLO-8770.292L, RO-May 20, 1974 and 
in particular, Table I, sample #1 and #11, both single conductor 500 MCM cables. 
 
We submit as evidence of suitability of samples #1 and #11 for submerged service the data 
presented in IEEE paper T 74 044-4, Table I and identified as FR-CLPE. The use of a 45 mil wall 
specimen as shown in Table I (instead of 110), the use of a 90°C bath (instead of 40), and the 
excellent performance during an 18 months immersion (instead of 1) are three major parameters 
which significantly accelerate the "life" simulation well beyond those called out in the referenced 
document. In addition, it may be noted that the sample in Table I had no external covering. 
 
As further evidence, we submit data which may be found in IEEE paper 68 TP 651-PWR, Table IX, 
under sample CB-CLPE or NF-CLPE. This shows that whether the samples had been irradiated or 
not, they maintained a voltage withstand level at 80 V/mil for more than 32 days in a steam autoclave 
at 142°C (40 psig). 
 
Relative to a discussion with Mr. William Thue, you will find enclosed a graph identified as Fig. 5. It 
may be noted that a butyl insulation which was identical to that which has given excellent service in 
"submerged service" reached an end point in accelerated immersion tests at 90°C in 12 months 
whereas the CLPE (natural) was still doing fine after 36 months, a factor of at least three times. 
 

Very truly yours, 
 
THE OKONITE COMPANY 

 
 
 
 
EEM/row 
cc: Mr. W. Thue 
 
Attachments:  T 74 044-4 
 68 TP 651 PWR 
 Fig. 5 
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The Okonite Company 

 
 

(Insert Electrical Stability in 90c Water 14 awg wire, 0.47 wall) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3A-D1 
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ATTACHMENT 3 TO 
 

APPENDIX 3A, PART D. 
GENERAL 
CABLE   800 RAHWAY AVENUE, UNION, N.J.  07083 / (201)687-0250 
CORPORATION 
      December 17, 1974 
  
Ebasco 
Specification 211-69 
FLO-8770-292-A 
  
Florida Power and Light Company 
Hutchinson Island Plant 
Order No. NY 422273 
  
Gentlemen: 
  
 In accordance with your recent request, we wish to advise the following information: 

(1) The crosslinked polyethylene insulation employed by General Cable on cable fabricated for 
subject plant under referenced order exhibits the following long term electrical stability 
characteristics in water: 

Test Results Long Time Immersion In Water 
Water Temperature 90°C  
600 Volts A.C. Applied between readings 
Sample length 10 feet 
14 AWG solid 30 mil wall XLPE 

  
     Specific  Insulation 
 No. of Days  % Power  Inductive  Resistance 
 Immersion  Factor  Capacity  Megohms/1000 ft. (3) 

    (1)  (2)  (1)  (2)   
 1  .39  .51  4.06  4.06  800 
 7  .39  .53  4.08  4.09  ⏐ 
 14  .37  .53  4.08  4.08  ⏐ 
 28  .42  .58  4.23  4.35  ⏐ 
 54  .45  .61  3.94  3.94  ⏐ 
 88  .36  -  4.07  -  ⏐ 
 107  .39  ⏐  4.12  ⏐  ⏐ 
 116  .41  ⏐  4.14  ⏐  ⏐ 
 148  .48  ⏐  4.24  ⏐  ⏐ 
 184  .59  ⏐  4.27  ⏐  55.4 
 230  .66  ⏐  4.45  ⏐  40.5 
 287  1.10  ⏐  4.55  ⏐  49.0 
 329  1.50  ⏐  4.70  ⏐  33.0 
 429  2.14  ⏐  4.72  ⏐  40.0 
 522  2.18  ⏐  4.84  ⏐  ⏐ 
 612  2.64  ⏐  4.79  ⏐  30.0 
 666  2.64  ⏐  4.78  ⏐  30.0 
 697  2.31  ⏐  4.78  ⏐  50.0 
 738  2.12  ⏐  4.75  ⏐  55.0 
 764  2.27  ⏐  4.77  ⏐  60.0 
 814  3.47  ⏐  4.79  ⏐  25.0 
 874  2.76  ⏐  4.82  ⏐  32.0 

 951  *  -  *  -  * 
 

(1) Measured at 40 volts/mil 60Hz 
(2) Measured at 80 volts/mil 60Hz 
(3) Measured at 90°C 

 *  Failed at 1200 VAC 60Hz 
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- 2 - 
 
 The data indicates that the insulation has excellent electrical stability in water when exposed to 
the accelerated test temperature of 90°C.  The performance shown would be further enhanced by the 
overall covering of polyvinyl chloride (individual jacket and/or overall jacket) stipulated in the 
specification. 

(2) A "Certified Test Report" dated May 31, 1973 attached, provides further indication of the 
insulation and jacket performance under various environmental conditions involving moisture 
exposure. 

(3) Relative to the performance of lead sheathing in a saline water environment, we refer you to 
"Corrosion of Metals II Lead and Lead Alloy Cable Sheathing" by R. M. Burns - Bell System 
Technical Journal.  We believe pages 617 and 618 extracted therefrom, and attached, give 
clear indication of the adequacy of lead sheathing performance when exposed to a sea water 
environment. 

 
 We trust the information given herein is adequate to answer the question of cable performance 
capability raised by Mr. Dennis Cronin of Ebasco.  The question related to ingress of salt laden water 
into the duct system in which certain cables supplied under FLO-8770 are installed. 
  

Very truly yours, 
 

 
 

David A. Silver,  
Director of Engineering 
Power & Control Operation 

DAS:gch 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3A-28 



 

 

ATTACHMENT 4 TO 
 

APPENDIX 3A, PART D. 
 
Cyprus Wire & Cable Company 421 Ridge Street Post Office Box 71 
 Rome, New York 13440 TWX 510)243-9732 
 Telephone 315) 337-3000 
 
 
Mr. L. D. Cronin November 26, 1974 
Ebasco, Inc. 
2 Rector Street 
New York, N.Y. 10006 
 
 
Dear Mr. Cronin: 
 
 
This is to certify that the 7 conductor #10 AWG XLP insulated PVC jacketed control cable for Florida 
Power & Light (N.Y. Order #422-338) is good for use in both dry and wet locations.  This cable 
employs a UL RHH-RHW and XHHW insulation with a UL THW jacket.  The following data should 
helpconfirm the suitability of this cable for use in wet locations: 
 
C-51801-Rome 0-600 Volt XLP Insulation for UL RHH, RHW or USE and XHHW 
 

3-Year Immersion in 75°C Water 
% Increase in Capacitance - 5.10 
Stability Factor -  .13 
IR in Megohms-1000 Feet - 1000 

   
Attached find an arrhenius plot which demonstrates the expected life of C-51801 XLP at its operating 
temperature. 
 

Very truly yours, 
  
 
 
S. R. D'Agostino 
Methods & Standards 

  
SRD:bes 
 
Attachment 
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Insert the following: 
Cyprus Wire & Cable co. 

C51801 
50% Residual Elongation 

Figure 3A-D2 
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ATTACHMENT 5 TO 
 

APPENDIX 3A, PART D. 
RAYCHEM 

  
 
 
 
 November 27, 1974 
 
 
 
 
Mr. L. D. Cronin 
Electric Systems Consultant 
Ebasco Services, Inc. 
No. 2 Rector Street 
New York, N.Y.  10006 
 
Re: Ebasco Purchase Order NY422358 
 Raychem Bid No. 207 
 Florida Electric and Power Company 
 
Dear Mr. Cronin: 
 
This letter is in response to your inquiry regarding the assurances that we can 
give that the cables furnished under this order are suitable for operation in wet 
locations continuously, which can include operation submerged in water. 
 
The instrument cables furnished are insulated and jacketed with Raychem 
FlamtrolTM, which is of the generic class XLPE.  This material has been designed 
for use in wet locations and has successfully passed the standard industry 
requirement for wet location service, which is to submerge a section of insulated 
wire in a water bath at 75°C and apply a negative d-c potential of 600 volts for 16 
weeks.  At two week intervals, a Dielectric Withstand Test is performed. 
 
We have samples of Flamtrol that have been continuously immersed in water at 
75°C for in excess of 20 months, with 600 volts of negative d-c applied to the 
conductor and which are periodically tested with an a-c withstand voltage.  We 
also have measured the shift in capacitance over this period of time, as well as 
the stability factor.  Within a few months, the capacitance had come to 
equilibrium value of approximately +12% and the stability factor is about 1.5.  
Both of these values are determined in accordance with the EM-60 Method. 
 
 
 
 
 
 
Raychem Corporation 
300 Constitution Drive 
Menlo Park, California  94025 
415/329-3333  TWX910-373-1778 
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Mr. L.D. Cronin 
Ebasco Services, Inc. RAYCHEM 
November 27, 1974 
Page 2 
 
The coaxial cables on this order are jacketed with the same material  
as the instrument cables, that is, Flamtrol. The dielectric material utilizes the 
same type of base resins as the jacket; therefore, these cables will perform in a 
wet location or submerged, as well as the Flamtrol instrument cables. 
 
This should answer the questions that are being posed to you.  Please  
call me again if I can help. 
 

Very truly yours, 
 
 
 
 
 
Frank E. La Fetra 
Market Manager - Utilities 
Wire and Cable Division 
415/329-3217 

 
 
FEL/g 
 
cc:  Mr. J.A. Barresi - Raychem 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Raychem Corporation 
300 Constitution Drive 
Menlo Park, California  94025 
415/329-3333  TWX910-373-1778 
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E. ELECTRICAL PENETRATION TERMINATIONS AND CONNECTOR QUALIFICATIONS TESTS 
 
 
Safety related containment electrical cable will be terminated at the penetration by splicing or where 
required for electrical shielding, with connectors.  Qualification test results are: 

a) Raychem Heat-Shrinkable Splicing Sleeves (WCFS-N) 

 The environmental qualification tests were in accordance with IEEE-383, "Proposed Guide for 
Type Tests of Class I Cables and  Connections Installed Inside the Containment of Nuclear 
Power Generating Stations," and were found to withstand loss of coolant  accident (LOCA) 
conditions either early or late in their anticipated  useful life.  The qualification method for 
complete splices was by means of "Type Tests" that considered pressure, temperature, 
radiation, chemical concentrations, humidity, and time.  These tests  exceeded the 
environmental design requirements applicable to the St. Lucie project. 

 New material was tested as well as heat aged material.  The heat aging (121 C for 168 hours) 
was simultaneous with radiation exposure (cobalt 60 gamma radiation-200 x 106 rads total).  All 
samples tested passed with no electrical or mechanical failures.  A summary of the qualification 
tests is provided hereafter. 

 In addition, it should also be noted that the splicing sleeves have  passed the following flame 
tests: 

1)  IPCEA Vertical Flame Test 

2)  IEEE Vertical Tray Test 

3)  UL224 Flame Test, FR-1 Rating 

b) Connectors 

 Physical Science Nuclear connectors (Gulton Industries) have been qualified for post-LOCA 
conditions.  These connectors or other environmentally qualified connectors will be provided.  
With regard to the Physical Science connector, it is manufactured from stainless steel and 
inorganic ceramic compounds.  The following individual test results are listed to demonstrate 
the suitability of these connectors for the post-LOCA environment.  No degradation was shown 
after a connector was exposed to 1 x 1013 rads (Gamma).  Another connector was exposed to 
450 F and 60 psi for 200 hours, and showed no signs of degradation.  In addition, it should be 
noted that the integrity of the shell components has been shown by a helium leak rate test to be 
2 x 10-8cc per second and the insulation resistance of the mated connector is 1 x 10-13 ohms. 
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Summary of Raychem Qualification Tests 

a) Introduction and.Abstract 

 This summary describes the evaluation of high voltage terminations and in line splices for use 
in nuclear power plant containments. 

 Using the Institute of Electrical and Electronics Engineers "Proposed Guide for Type Tests of 
Class I Cables and Connections Installed  Inside the Containment of Nuclear Power 
Generating Stations" as the test basis, 5 and 15kv high voltage terminations (HVT's) and 600-
2000 volt in-line splices (WCSF's) were found to withstand loss of coolant accident (LOCA) 
conditions either early or late in their anticipated use life.  HVT's remain usable, having 
excellent tensile strengths and elongations, even after 200 Mrads (2 x 108 Rads) of gamma 
radiation in air.  Properly applied HVT's form an environmental seal around the cable protecting 
it from high pressure steam, moisture, and boric acid spray. 

b) Program Outline 

 HVT and WCSF evaluations were divided into two phases: materials evaluation and systems 
evaluation.  The materials evaluation consisted of a look at how the materials of construction 
behaved as a result of nuclear radiation.  Systems evaluation consisted of an analysis of how 
the completely-assembled parts behaved as a result of nuclear radiation and how well they 
withstood the effects of a loss-of-coolant accident before and after exposure to nuclear 
radiation. 

 The evaluation was based upon the Institute of Electrical and Electronics Engineers "Proposed 
Guide for Type Tests of Class I Cables and Connections Installed Inside the Containment of 
Nuclear Power Generating Stations." The test sequence for materials consisted of: 

1) Heat aging the materials in a forced air oven at 121 + 2 C for 168 hours. 

2) Irradiation of the materials in a cobalt 60 gamma source at 0.52 Mrads per hour to 
total doses of 100 and 200 Mrads. 

  
The test sequence for assembled high voltage terminations and in-line low voltage (i.e., 600-2000v) 
splices consisted of: 

1) Heat aging high voltage terminated cables at 121 C + 3 C for168 hours in a forced 
air oven. 

2) Irradiation of assemblies with cobalt 60 gamma radiation at 0.50 Mrads per hour 
for HVT's and .27 Mrads per hour WCSF to total doses of 100 and 200 Mrads. 

3) Subjecting irradiated assemblies, maintained at maximum rated voltage, to LOCA 
tests in a pressurized autoclave according to the following schedule: 
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a) 5 hours at 360 F, 70 psig steam. 

b) 6 hours at 320 F, 70 psig steam. 

c) 24 hours at 250 F, 21 psig steam,  0.2 percent boric acid spray, buffered to pH of 10. 

d) 12 days at 221 F, 2.5 psig steam. 

c) Tests Results 

 Tables 1 and 2 show the results of the materials evaluation of the  HVT's and WCSF sleeves.  
These data show that even after 168 hours at 121 C in a forced air oven and subsequent 
irradiation to 200 Mrads cobalt 60 gamma radiation in air, the products have maintained a very 
high degree of mechanical integrity.  As an example, the outer high  voltage tubing and stress 
grading material have maintained at least 80 percent and 70 percent elongations, respectively.  
This coupled with the excellent tensile strengths, indicates that these materials have sufficient 
toughness and radiation resistance to withstand 200 Mrads gamma radiation. 

 Table 3 shows the electrical performance of 15kv HVT's during LOCA tests.  From the data, it is 
evident that the HVT's are capable of performing during a loss-of-coolant accident.  Applied 
voltages for the 15kv HVT's during LOCA tests varied between 8.7 and 15kv, phase to ground.  
Table 4 yields similar data for 5kv HVT's. 

 Table 4 yields similar data for 5kv HVT's.  HVT's successfully withstand LOCA tests before and 
after irradiation.  The 5kv HVT's were subjected to applied voltages between 5 to 8.6kv phase 
to ground during the LOCA sequence. 

 Table 5 shows electrical performance of a series of in-line splices (WCFS) made on 600, 1000 
and 2000 volt class cable and subjected to continuous maximum cable rated voltages. 

d) Conclusion 

 Data supplied in this summary show the high voltage terminations and in-line low voltage 
splices are acceptable for use in nuclear power plant containments.  The assembled 
terminations and splices have successfully withstood LOCA tests and remain functional so as 
to permit safe and orderly operation of equipment under post LOCA conditions. 
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TABLE 1 
 

EFFECTS OF NUCLEAR RADIATION UPON 

  RAYCHEM HVT MATERIALS  
 
 

 Outer Stress 
  Tubing Grading 

Initial elongation, % 260 236 

Elongation after 168 hours at 126 140 
121°C plus 100 Mrads, % 

Elongation after 168 hours at 80 70 
121°C plus 200 Mrads, % 

Initial tensile strength, psi 2290 1560 

Tensile strength after 168 hours 3025 2015 
at 121°C plus 100 Mrads, psi 

Tensile strength after 168 hours 3020 1665 
at 121°C plus 200 Mrads, psi 

Initial hardness, Shore D 43 37 

Hardness after 168 hours at 57 50 
121°C plus 100 Mrads, Shore D 

Hardness after 168 hours at 
121°C plus 200 Mrads, Shore D 60 50 
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TABLE 2 
 

EFFECTS OF NUCLEAR RADIATION UPON 

  RAYCHEM WCSF MATERIALS  
 
 
 

  WCSF 
 WCSF Slab Sample 
  Tubing Samples @ .125” Thickness 

Initial elongation, % 565 440 

Elongation after 168 hours at 
121°C plus 100 Mrads, % --- 145 

*Elongation after 168 hours at 
121°C plus 200 Mrads, % 100 70 

Initial tensile strength, psi 2180 1600 

Tensile strength after 168 hours 
at 121°C plus 100 Mrads, psi -- 1745 

Tensile strength after 168 hours 
at 121°C plus 200 Mrads, psi 1500 1685 

Initial hardness, Shore D 37 43 

Hardness after 168 hours at 
121°C plus 100 Mrads, Shore D -- 46 

Hardness after 168 hours at 
121°C plus 200 Mrads, Shore D 42 52 
 
 
 
 
 
*Tubing samples were exposed to simultaneous heat aging and irradiation 
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TABLE  3 
 

PERFORMANCE CHARACTERISTICS (CORONA EXTINCTION VOLTAGE) 

OF RAYCHEM 15KV HIGH VOLTAGE TERMINATIONS 

DURING DBE/LOCA TESTING1 
 

 HVT HVT HVT HVT HVT HVT 
 #1 #2 #3 #4 #5 #6 

Initial CEV, KV 20 17.5 20 19.5 21.5 21 

CEV after 168 hours at 121°C 30 25 25 24 31 19 

CEV after 168 hours at 121°C 
plus 100 Mrads2 -- -- 14 15.5 -- -- 

CEV after 168 hours at 121°C 
plus 200 Mrads2 -- -- -- -- 19.5 16 

CEV after 35 hours DBE3 17 15 20.5 21 16 16 
 
 
 
 
 
 
 
Notes 
 

1. Crosslinked polyethylene cable, copper tape shield, extruded semiconductive layer. 

2. Cobalt 60 gamma radiation, dose rate of 0.50 Mrads per hour. 

3. 5 hours at 360°F, 70 psig steam; 6 hours at 320°F, 70 psig steam,  24 hours at 250°F, 21 psig 
steam, 0.2% boric acid spray at pH of 10, 12 days at 221°F, 2.5 psig steam. 
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TABLE 4 

PERFORMANCE CHARACTERISTICS (CORONA EXTINCTION VOLTAGE) 

OF RAYCHEM 5KV HIGH VOLTAGE TERMINATIONS 

DURING DBE/LOCA TESTING1 
 
 
 
 HVT HVT HVT HVT HVT HVT 
  #1 #2 #3 #4 #5 #6 

Initial CEV, Kv 4.8 4.2 5.5 5.5 5.8 5.8 

CEV after 168 hours at 121°C 4.5 4.3 4.6 4.0 4.8 4.4 

CEV after 168 hours at 121°C --- --- 5.2 4.3 --- --- 
plus 100 Mrads2 

CEV after 168 hours at 121°C --- --- --- --- 4.2 5.0 
plus 200 Mrads2 

CEV after 35 hours DBE3 4.5 4.1 4.7 4.5 4.8 (4) 
 
 
 
 
 
 
 
Notes 

1. EPR cable, copper tape shield, tape semiconductive layer. 

2. Cobalt 60 gamma radiation, dose rate of 0.50 Mrads per hour. 

3. 5 hours at 360°F, 70 psig steam; 6 hours at 320°F, 70 psig steam; 24 hours at 250°F, 21 psig 
steam, 0.2% boric acid spray at pH of 10, 12 days at 221°F, 2.5 psig steam. 

4. Specimen mechanically damaged before being placed in autoclave. 
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TABLE 5 
 

PERFORMANCE CHARACTERISTICS OF RAYCHEM 

600-2000 VOLTS IN-LINE SPLICES TYPE WCSF 

DURING DBE/LOCA TESTING 
 

   Per Table 2 
  Aged 168 Hours 
  New Material @121°C & 200 Mrads 
  

Electrical Strength 
5 Samples-Volts/Mil 

 Minimum 312 318 

 Maximum 491 355 

   
  X 380 334 

 Wall  Thickness .084" .086" 

Volume Resistivity OHM-CMS 2.5 x 1013 1.2 x 1014 

Flammability Per A.S.T.M. D-2863 
Oxygen Index Note Slab Data Only 35.0 37.0 
  
  
  
 Notes 

1. Cable types for testing 
 A. 600 volt FlamtrolTM 
 B. 2000 volt EPR/Neoprene 

2. All samples were continuously operated at maximum current and voltage  per cable class.  
Current levels per I.P.C.E.A. 

3. Cobalt gamma radiation, dose rate of 0.27 Mrads per hour. 

4.  5 hours at 360°F, 70 psig steam; 6 hours at 320°F, 70 psig steam; 24 hours at 250°F, 21 psig 
steam, 0.2% boric acid spray at pH of 10, 12 days at 221°F, 2.5 psig steam.  

5. All samples passed.  No electrical or mechanical failures. 
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F. Summary of Qualification Test of Limitorque Valve Operators in a Simulated Reactor 
Containment Post Accident Steam Environment (F-C3441) 

a) Introduction 

 Two Limitorque SMB-0-25 valve operators (prototype units for safety injection tank 
isolation valves and shutdown cooling suction line isolation valves) were subjected 
to a qualification test to determine their acceptability for service in the post-LOCA 
environment. The test consisted of a 30-day exposure to a steam environment at 
temperatures going as high as 340 F during the first day.  The performance of the 
valve operators was monitored by periodic cycling (under simulated valve-seating 
load) and measurement of insulation resistance on all power and control leads.  
The test was started on July 31, 1972, and ran through August 30, 1972. 

b)  Identification of Valve Operators 

 The valve operators were identified by the following information on the name plates: 

 Unit No. 1 Unit No. 2 
 Limitorque Valve Operator Limitorque Valve Operator 

 Type: SMB Type: SMB 
 Size: 0 Size: 0 
 Order: 360943A Order: 355696A 
 Serial: 144068 Serial: 135809A 

 Motor  Motor 
 Manufacturer: Reliance Identification:  463489-DX 
  Electric Co. Start: 25 lb-ft 
  Identification No: 601962-P Run: 5 lb-ft 
  Start: 25 lb-ft Type: P 
  Run: 5 lb-ft Frame: R56 
  Type: P Phase: 3 
  Frame: R56 RPM: 1700 
  Phase: 3 Hz: 60 
  RPM: 1700 Volts: 230-460 
  Hz: 60 Amps: 8.0/4.0 
  Volts: 230/460 Ambient: 75°C 
  Amp: 8.0/4.0 Insulation: Class HR 
  Rise at Run  Duty: 15 min 
    Torque: 75°C 
  Duty: 15 min 
  Insulation: Class HR 

 The valve operator on Unit No. 1 had previously been exposed to gamma 
radiation (200 megarads) and a steam/chemical environment (for twelve days), 
and had been refitted by Limitorque with a motor which had  been subjected to a 
gamma radiation dose of 200 megarads and a seismic test.  The valve operator 
had also been subjected to a seismic test. Unit No. 2 had not been subjected to 
any prior testing.  
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 During the installation of the units in the test chamber, the melamine switch base of Unit No. 1 
was accidentally broken.  It was replaced by a new base which was first exposed to 200 
megarads of gamma radiation, the same radiation exposure which Unit 1 had received.  

c) Test Procedure 

 The valve operators were exposed to steam in accordance with the pressure/temperature 
profile recommended in the proposed IEEE guide for type tests of Class I electric valve 
operators, Proposed Guide for Type Test of Class I Electric Valve Operators for Nuclear Power 
Generating Stations, Draft 13, IEEE Project No. 382, JCNPS/SC2.3, June 1972.  This profile is 
illustrated in Figure 3A-1    which also shows the schedule for cycling the valve operators and 
measuring the insulation resistance of the power and control leads.  During the first four days of 
the test, the specified temperatures and pressures were maintained by the controlled injection 
of steam into the test chamber.  To achieve the specified temperature drops, the natural cooling 
of the test chamber (after the steam pressure and flow rate were decreased) was enhanced by 
blowing air over the exterior of the chamber and circulating water through a coil inside the 
chamber.  During the remainder of the test, the 200 F/10 psig state was maintained by filling 
the test chamber with air and using external electrical heaters.  The atmosphere within the 
chamber was kept saturated with water vapor by daily injections of steam and by maintaining 
the steam condensate in the bottom of the chamber at a temperature equal to, or slightly 
greater than that of the air/vapor mixture.  

d) Test Results 

1) Pressure/Temperature Profile 

 The actual pressure/temperature profile acheived during the critical first four days 
is illustrated in Figure 3A-2 During the last twenty-six days of the test, the 
temperature was maintained within approximately 5 percent of the specified 200 
F. The main difference between the specified and actual temperature profiles is 
that more than the specified time was required to cool the test chamber after the 
first dwell at 340 F. (As a consequence of there being two valve operators within 
the test chamber, the amount of heat that had to be dissipated in two hours 
exceeded the cooling capacity.) Another difference is that the pressure rises to 
105 psig required 19 seconds and 23 seconds at the beginning of the first and 
second pressure transients, respectively, instead of the specified 10 seconds.  
However, the temperature rose to about 330 F within 15 seconds at the start of 
the first transient and in 10 seconds at the start of the second transient.  This was 
observed by viewing a thermometer at the top of the test chamber.  The further 
rise to 340 F occurred more gradually. 
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Figure 3A-1  --  Specified Steam Exposure Profile 
NEEDS TO BE INSERTED 
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Figure 3A-2  --  Actual Steam Exposure Profile 
NEEDS TO BE INSERTED 
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2) Flooding of Test Chamber 

 During the fifth day of the test, when the conditions were being changed from 250 F/15 psig to 
200 F/10 psig, it was discovered that the test chamber had become flooded with steam 
condensate. Investigation revealed that the condensate trap had become clogged with grease 
that had evidently come out of the pressure relief valve of the valve operators. 

 Judging by the amount of water which was removed from the chamber (about 225 gal) it was 
clear that the valve operators had been completely submerged by the condensate. This was 
confirmed at the conclusion of the test when the water line left inside the test chamber was 
found to be higher than the top of the valve operators under test. To help clear the interior of 
the valve operators of water which had entered them as a result of the flooding, air and nitrogen 
were flushed through the operator switch compartments (by use of the lines running between 
them and pressure gages outside the test chamber). Aside from this corrective action, the test 
was carried on without interruption; the test chamber was not opened at any time. The units 
performed normally when cycled after the period of flooding. 

3) Operator Cycling Data 

 The electrical parameters (current, potential, and power) and the stroke times are listed in 
Tables 3A-1 and 3A-2 for Units 1 and 2, respectively. 

 The operators functioned normally throughout the test, with the following exception. Beginning 
with the third cycle, Unit 2 began to require two pushes of the start button to initiate the open 
cycle, after which the cycle was executed normally. An analysis of this effect and checks made 
after the valve operator was disassembled led to the following explanation. 

 At the start of the open cycle, the bypass functions to prevent the opening of the torque switch 
by the torque spring, which is released and bounces back when the open pushbutton is 
actuated. Evidently, although it functioned satisfactorily at room temperature, the bypass was 
not remaining active long enough to fulfill its function after the valve operator was heated to 340 
F. This may have been due to a change in bypass setting resulted from the fact that the grease 
lubricating the spring became lighter when heated, and had less dampening effect on the 
spring bounce than it did at room temperature. Thus, it appears that two pushes of the start 
button were needed because of an improper initial setting of the gear limit bypass. It must be 
emphasized that, aside from the need for a second push of the start button, the open cycle was 
always executed normally. 
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TABLE 3A-1   VALVE ACTUATOR CYCLING DATA – UNIT NO. 1 
 
 
 
 

 Time -------------------------------------OPEN----------------------------------------------  ------------------------------CLOSE---------------------------------------  
 After 

Start 
 

Potential 
 

Running Current 
  

 
 

Running Current 
Peak 

Current 
 

Power 
 

 
Cycle 

No. 

of 
Test 
(hr) 

φ 
ab 
(V) 

φ 
ac 
(V) 

φ 
bc 
(V) 

φ 
a 

(A) 

φ 
b 

(A) 

φ 
c 

(A) 

 
Power 

(W) 

Stroke 
Time 
(sec) 

φ 
a 

(A) 

φ 
b 

(A) 

φ 
c 

(A) 

φ 
c 

(A) 

 
Running 

(W) 

 
Peak 
(W) 

Stroke 
Time 
(sec) 

1* -0.58 480 480 480 3.6 3.3 3.6 250 74.0 3.6 3.5 3.4 3.6 250 2000 74.0 

2 0.27 475 475 475 3.5 3.3 3.6 250 74.0 3.5 3.4 3.3 3.6 250 1000 75.0 

3 2.0 475 475 475 3.4 3.3 3.5 250 74.0 3.6 3.4 3.3 3.8 250 1000 74.5 

4 6.1 475 475 475 3.5 3.4 3.5 250 74.0 3.6 3.5 3.4 4.0 250 1000 74.5 

5 8.1 475 475 475 3.6 3.5 3.6 250 74.0 3.7 3.6 3.5 4.0 250 1000 74.5 

6 11.6 484 484 484 3.6 3.5 3.7 250 74.0 3.7 3.6 3.5 4.0 250 1000 75.0 

7 101.9 478 478 478 3.5 3.3 3.6 250 74.0 3.6 3.4 3.3 3.8 250 1000 75.0 

8 167.6 478 476 477 3.5 3.3 3.6 250 74.2 3.6 3.4 3.3 3.8 250 500 75.0 

9 191.3 481 481 481 3.5 3.3 3.6 250 74.0 3.6 3.5 3.4 4.0 250 750 75.0 

10 360.0 480 480 480 3.5 3.3 3.5 250 74.0 3.6 3.4 3.3 3.8 250 1250 75.0 

11 575.6 478 478 478 3.5 3.3 3.6 250 74.0 3.6 3.4 3.3 3.9 250 1250 75.0 

12 724.8 478 478 478 3.5 3.3 3.6 250 74.0 3.6 3.4 3.3 3.8 250 1250 75.0 

13 726.7 480 479 480 3.6 3.3 3.6 250 74.0 3.6 3.4 3.3 3.8 250 1250 75.0 
 
 

* Checkout cycle run before start of test. 
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TABLE 3A-2   VALVE ACTUATOR CYCLING DATA – UNIT NO. 2 
 
 
 
 

 Time -------------------------------------OPEN----------------------------------------------  ------------------------------CLOSE---------------------------------------  
 After 

Start 
 

Potential 
 

Running Current 
  

 
 

Running Current 
Peak 

Current 
 

Power 
 

 
Cycle 

No. 

of 
Test 
(hr) 

φ 
ab 
(V) 

φ 
ac 
(V) 

φ 
bc 
(V) 

φ 
a 

(A) 

φ 
b 

(A) 

φ 
c 

(A) 

 
Power 

(W) 

Stroke 
Time 
(sec) 

φ 
a 

(A) 

φ 
b 

(A) 

φ 
c 

(A) 

φ 
c 

(A) 

 
Running 

(W) 

 
Peak 
(W) 

Stroke 
Time 
(sec) 

1* -0.35 480 480 480 3.2 3.4 3.5 250 75.5 3.4 3.6 3.3 3.8 250 1500 76.0 

2 0.35 475 475 475 3.2 3.3 3.5 250 76.0 3.3 3.5 3.3 3.5 250 1250 76.5 

3 2.2 475 475 475 3.3 3.4 3.5 250 -- 3.3 3.5 3.2 3.7 250 1250 77.0 

4 6.3 475 475 475 3.3 3.5 3.5 250 79.5 3.4 3.5 3.4 3.9 250 1000 76.5 

5 8.2 475 475 475 3.4 3.5 3.6 250 76.5 3.5 3.6 3.4 3.8 250 1000 77.0 

6 11.7 484 484 484 3.4 3.5 3.6 250 77.0 3.5 3.7 3.4 3.9 250 1250 77.0 

7 101.0 473 473 473 3.2 3.4 3.4 250 76.5 3.4 3.6 3.3 3.8 250 -- 76.0 

8 167.8 475 475 475 3.2 3.4 3.4 250 75.5 3.4 3.5 3.2 3.6 250 750 76.5 

9 191.2 481 481 481 3.3 3.5 3.6 250 75.5 3.4 3.6 3.3 3.9 250 1000 76.5 

10 360.2 479 479 479 3.2 3.4 3.5 250 76.5 3.4 3.5 3.3 3.9 250 1250 76.5 

11 575.5 478 478 478 3.2 3.4 3.4 250 76.0 3.3 3.5 3.2 3.8 250 1500 77.0 

12 724.9 478 478 478 3.3 3.4 3.4 250 76.0 3.4 3.6 3.2 3.7 250 1250 77.0 

13 726.6 480 481 480 3.3 3.4 3.5 250 76.0 3.4 3.6 3.2 3.8 250 1250 76.0 
 
 
* Checkout cycle run before start of test. 
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4) Insulation Resistance Measurements 

 The measurements of insulation resistance made periodically on the power and control leads 
are listed for the two units in Tables 3A-3 and 3A-4. These measurements were made between 
each lead and ground (the test chamber), at 500 Vdc. The low values obtained on some of the 
control leads of Unit No. 1 during the first set of measurements (see first row of Table 3A-3 
were believed to be caused by chemical deposits left on the switch components by prior 
testing. In the process of cleaning and reconnecting the affected parts, a switch plate was 
accidentally broken; and, as mentioned previously the new part with which it was replaced was 
first exposed to the same dose of nuclear radiation that Unit No. 1 had received in prior testing. 

 During the time that the units were flooded with steam condensate (see Section 3.3.2), the 
insulation resistances decreased significantly on both units; however, there was a recovery to 
high resistance values when the flooding was corrected. 

5) Final Inspections 

 A visual inspection of the valve operators and test chamber was conducted at the conclusion of 
the test. The grease marks inside the test chamber clearly show that the condensate level rose 
well above the top of the valve operators during the flooding discussed above. This means that 
the motors were completely submerged during the flooding. 

 The paint had deteriorated over the entire exterior of the units, particularly on Unit No. 1 (which 
had gone through a steam/chemical exposure prior to the steam exposure reported herein); 
and corrosion and pitting of the metal surfaces had begun. No damage was apparent inside the 
switch compartments. On Unit No. 2, a white powdery material that seemed to be a foreign 
substance covered part of the melamine plate in the limit switch. The lower portions of both 
switch compartments were covered with a thin layer of grease that had become partially baked 
and was flaking in some areas. The interior of each switch compartment cover exhibited what 
seemed to be a water line about 3 to 4 inches from the top; evidently, air trapped inside the 
covers prevented the water from completely filling the compartments during flooding. However, 
the height of the water line was such as to indicate that all but the uppermost parts of the switch 
mechanism had been under water. 

 After the valve operators were returned to Limitorque, they were disassembled for more 
detailed inspection. On Unit No. 1, the gasket between the motor casing and valve-operator 
housing was in good condition. There was grease 
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TABLE 3A-3 
 

INSULATION RESISTANCE OF POWER AND CONTROL LEADS - UNIT NO. 1 
 

All Resistances are in Megohms Except Where a K Indicates Kilo-ohms 
 
 

 

Time After 
Start of 

--------Stator Winding----------
 Leads 

--------------------------------------Control Circuit Leads-----------------------------------------------  

Test (hr) T-1 T-2 T-3 CL1 41 45 51 55 61 70 71 

-238.9* >100 >100 >100 ∞ 0.6 0.6 0.7 0.7 ∞ ∞ ∞ 

-65.9* ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ 

-0.66* 500 500 500 200 ∞ ∞ ∞ ∞ ∞ ∞ ∞ 

0.08 15K 15K 15K 50K 60K 70K 75K 75K 75K 75K 70K 

1.97 70K 65K 65K 35K 35K 35K 40K 45K 42K 45K 42K 

11.3 0.13 0.13 0.13 0.48 0.48 0.48 0.49 2.9 0.50 0.51 0.51 

95.8 2.0K 3.0K 3.0K 1.0K 1.0K 1.0K 1.0K 2.0K 5.0K 5.0K 1.0K 

99.3 5.0K 4.5K 4.5K 1.0K 1.0K 1.0K 1.0K 7.5K 5.0K 5.0K 1.0K 

99.9 5.0K 4.5K 4.5K - - - - - - - - 

101.9 7.5K 7.5K 7.5K 30K 30K 35K 35K 0.14 40K 40K 40K 

167.1 ∞ ∞ ∞ >100 >100 >100 >100 ∞ >100 >100 >100 

191.0 ∞ ∞ ∞ >100 >100 >100 >100 ∞ >100 >100 >100 

359.8 <∞ <∞ <∞ 50 50 50 50 ∞ 50 50 50 

575.2 >100 >100 >100 40 40 40 40 ∞ 40 40 40 

724.7 30 30 30 25 25 25 25 >100 25 25 25 

726.5 ∞ ∞ ∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ 
 
*Checkout readings taken before start of test, 
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TABLE 3A-4 
 

INSULATION RESISTANCE OF POWER AND CONTROL LEADS - UNIT NO. 2 
 

All Resistances are in Megohms Except Where a K Indicates Kilo-ohms 
 
 
 

Time After 
Start of 

--------Stator Winding----------
 Leads 

--------------------------------------Control Circuit Leads-----------------------------------------------

Test (hr) 2T-1 2T-2 2T-3 2CL1 241 245 251 255 261 270 271 

-238.9* ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞ 

-65.9* 500 500 500 200 200 200 200 200 200 200 200 

-0.66* - - - - - - - - - - - 

0.08 90K 80K 80K 60K 60K 60K 60K 60K 60K 60K 60K 

1.97 0.13 0.13 0.14 39K 40K 43K 0.24 43K 48K 48K 46K 

11.3 0.16 0.15 0.14 0.50 0.50 0.50 1.9 0.50 0.50 0.51 0.51 

95.8 1.0K l.5K 1.5K 1.0K 1.0K 1.0K 4.0K 1.0K 5.0K 5.0K 1.0K 

99.3 8.0K 8.0K 8.0K 1.0K 1.0K 1.0K 4.0K 1.0K 5.0K 6.0K 2.0K 

99.9 - - - - - - - - - - - 

101.9 25K 25K 25K 40K 40K 40K 90K 40K 40K 50K 50K 

167.1 90 90 90 >100 >100 >100 >100 >100 >100 >100 >100 

191.0 90 90 90 >100 >100 >100 ∞ >100 >100 >100 >100 

359.8 8.5 8.5 8.5 50 50 50 100 50 50 50 50 

575.2 7.0 7.0 7.0 40 40 40 90 40 40 40 40 

724.7 6.5 6.5 6.5 25 25 25 80 25 25 25 25 

726.5 <∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ <∞ 
 
*Checkout readings taken before start of test. 
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 mixed with water on the pinion; there also was moisture on the inside of the motor 
end-caps, mixed with grease at the front end. However, the shaft and bearings 
turned freely, and lubrication seemed to be unimpaired. The drive gear was 
removed and found to be covered with grease, with no evidence of water. Water 
was found in the thrust tube at the valve end of the stem, but there was no 
corrosion. The grease at this location appeared to have broken down, possibly as 
a result of hydrolization or the exposure to nuclear radiation, but it appeared to 
have maintained lubrication of the stem. The tapered bearing on the drive sleeve 
was still well lubricated and there was no sign of wear. No moisture was evident 
on this bearing. 

 Unit No. 2 had much the same appearance as Unit No. 1, except that there was 
less evidence that there had been any breakdown of the grease in the thrust tube, 
possibly because Unit No. 2 had not been exposed to nuclear radiation. 

 While the observed partial breakdown of grease in the thrust tube is mentioned for 
completeness, this part of the unit was an attachment to permit simulation of the 
valve-seating load. In an actual installation, the external part of the stem (within 
the thrust tube in the test set-up) might not be lubricated at all. 

e)  Conclusion 

 Two Limitorque SMB-0-25 valve operators were subjected to a Qualification Test consisting of 
a 30-day exposure to a steam environment, including two temperature cycles going to 340 F 
during the first day. Unit No. 1 had previously been exposed to nuclear radiation, a seismic test 
and a steam/chemical environment. Both units were cycled periodically with a simulated valve-
seating load during the test. 

 The pressure/temperature profile closely followed that recommended by a cognizant IEEE 
committee. The units were subjected to severe flooding with steam condensate during the first 
few days of the test; this happened because the condensate trap on the test chamber became 
clogged with grease that came out of the pressure relief valves of the valve actuators. 

 The units performed satisfactorily throughout the test in spite of the flooding. Inspection of the 
units following the test revealed that all parts were in satisfactory condition. It was evident that 
lubrication had been maintained in spite of the loss of grease. Although water had entered in 
some places, none of the internal parts were corroded. 
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 APPENDIX 3B 
  
 
 SUMMARY OF RESULTS OF SEISMIC QUALIFICATION TESTS 
 
 A. 4.16 kv Switchgear 
  
 B. 480 Volt Switchgear and Station Service Transformers 
  
 C. 480 Volt Motor Control Centers (MCCs) 
  
 D. 125 Volt AC and DC Panels 
  
 E. ESF Actuation and Measurement Cabinets 
  
 F. Battery Charger 
  
 G. Station Auxiliary Motors 
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A. 4.16 kv SWITCHGEAR

The following is a summary of Westinghouse test report G.O. NYMI18414-Yl dated February 1973.
The report was issued as seismic qualification for the 4.16 kv switchgear.

PCM's 89350 and 89351 modified the 4.16 Kv switchgear to accept PIP as well as Monolithic style
breakers.  While the PCM states that the seismic qualification of the switchgear remains valid, NLI
report R-037088-2, revision 1 documents in-cabinet response spectra which reflects the modified
switchgear configuration.

 1. Synopsis

A representative 50DHP350 metal-clad switchgear unit was subjected to an intensive test program
per the intent of IEEE Standard #344 to qualify it for use in nuclear power stations with seismic
vibration requirements.  The seismic qualification of the 50DHP250 metal-clad switchgear unit is
based on the test data of this 50DHP350 switchgear unit, a comparison of physical features, and
static and dynamic analyses.  The results of this test and analytical program have been analyzed in
relation to the specific requirements of St. Lucie Unit No. 1 of The Florida Power and Light
Company, per Spec.  FLO-8770-284 with the floor response curves submitted by EBASCO
Services Incorporated.

 The conclusion is made that the test program and the subsequent correlation and additional
analysis of special features of the subject switchgear has verified the ability of both the 50DHP250
and the 50DHP350 metal-clad switchgear furnished for this station to operate satisfactorily in the
specified seismic environment.

 2. Description of Equipment Tested

The 50DHP350 circuit breaker and a representative cell, complete with relays and auxiliary
equipment required on most orders, were selected for testing.  This breaker, which has an
interrupting rating of 41,000 amperes at 4.76 kv, is one of the most common ratings found in
nuclear power stations.  The unit tested was a standard design or "off-the-line" unit with no attempt
made to improve its seismic capability.  The relays were selected to represent the various types of
relay movements and were located on the front door by the same computer program normally used
for this purpose on regular commercial orders.

 The switchgear equipment was supported on three structural channels to duplicate normal service
mounting.  The structural channels, in turn, were welded to steel plates which were bolted to the
vibration machine.

 3. Test Results

The switchgear was tested independently in three directions: front-to-back, side-to-side, and
vertical.  In each direction, tests were made at the resonant frequencies found during the initial
frequency sweep as well as at selected off-resonant frequencies.  The resonant natural
frequencies discovered in the test
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equipment are 7 Hz side-to-side and 9.5, 13, and 16 Hz front-to-back.  In addition, the vibration
magnification that occurs at resonance of the equipment during the continuous sweep frequency
search permitted the determination of the critical damping factors in the switchgear.

The following damping factors at the various accelerometer locations are retabulated below:

 Side Front
 -to- -to-
 Accelerometer Location Side Rear

 Arc Chute 5% 7%

 Door - 5%

 Cell 6.5% 13%

 Side Panel 6% -

 Potential Transformer
 Support - 10%

The lowest damping factor found in the switchgear was 5 percent.  Therefore, 5 percent is a
conservative figure for the qualification of switchgear equipment.

In all, over 75 tests were run at various peak amplitudes; each test consisted of 5 sine beats,
simulating one earthquake; each sine beat contained 5 cycles of the specified vibration frequency. 
Tests were made with the breaker closed, with the breaker open, and with the breaker opening and
closing during a sine beat test.  In all cases, a successful test required the breaker to retain its
status quo unless signaled to respond.  Failure to maintain its status or failure to respond would be
considered a failure.

To compare a floor response spectra curve to the test values, the value from the response spectra
curve is divided by the Q-factor 5.5.  EBASCO Services Incorporated has furnished the floor
response curves at both the 19.5 elevation and the 43.0 elevation, for equipment, such as
switchgear, having a 5 percent damping factor.  Each of these curves shows that the peak
responses occur only at periods greater than 0.2 sec. (or frequencies lower than 5 Hz) in any
direction.  As stated previously, the lowest natural frequency associated with the switchgear is 7 Hz
and the switchgear was tested at this frequency or the greatest fundamental period.  Because of
the 5 percent damping factor, the maximum DBE response would then be as determined from the
curves:
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 Direction Elevation Elevation
 of Motion 19.5  43.0
 _______________ _________ _________

 E-W 0.44g 0.39g

 N-S 0.32g 0.23g

 Vertical 0.36g 0.36g
 
 The required peak input for each response is determined by dividing the "Q" value (Q  = 5.5 for

equipment with 5 percent damping) into the peak response specified.  In the above table, the
greatest input required is for the E-W motion at the 19.5 elevation, since

                                   
0.08g  =  

5.5

0.44g

The actual test input to the switchgear was 0.8g a factor of ten (10)  times the requirement of
0.08g. Qualification is established on the basis that the maximum expected response as shown in
the EBASCO curves is smaller than the responses actually withstood by the equipment during the
tests.

 4. Test Summary

 1. During this series of tests, the equipment was subjected to many more earthquakes than it
would ever experience during its economic life.

 2. Though the equipment had been subjected to an excessive number of tests, there was no
physical equipment failure.

 3. At no time during the tests did the breaker trip or close, unless
 called upon to do so.  When signaled to operate, it did so
 relialy every time.

 4. During some of the tests, a slight bounce of a normally closed
 contact of an SG-relay (with the coil de-energized) was observed.

 The switchgear required at this station includes 50DHP250 switchgear which has the same basic
cell design as the 50DHP350 equipment, but the 50DHP250 circuit breaker has one basic
difference from that of the 50DHP350 circuit breaker - namely, a smaller arc chute.

 The qualification of the 50DHP250 breaker is based on the test data for the 50DHP350, 
comparison of physical features, and dynamic analysis.  Under conditions of seismic vibration, the
dynamic response in the 50DHP250 breaker will be less severe than in the 50DHP350 breaker
because the pole units are identical and the
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effective mass of the 50DHP250 arc chute at the support is less than 80 percent of the effective
mass of the 50DHP350.  Thus, the 50DHP250 arc chute with its (pole unit) support is well qualified
for use in any seismic environment where the 50DHP350 arc chute and its supports have been
previously qualified.

 Since the 50DHP350 breaker has been qualified by testing for service in the seismic environment
postulated at the St. Lucie Unit No. 1 Nuclear Power Station as specified by EBASCO Services
Incorporated, and since all components of the 50DHP250 breaker are as well qualified for the
same seismic environment postulated as the corresponding parts for the 50DHP350 breaker, the
50DHP250 breaker is also qualified for service per the EBASCO Services specification.

 5. Conclusion

 The sine beat method of testing is conservative because:

  1. The response from a sine beat input is more severe than from random inputs.

 2. Testing is performed at all natural frequencies determined in the equipment.

 3. Additional tests are performed at other selected frequencies.

From the tests and analysis presented in this report, it is concluded that the 50DHP350 metal-clad
switchgear will satisfactorily withstand the maximum seismic requirements of St. Lucie Unit No. 1
Nuclear Power Station.  The qualification of the 50DHP250 switchgear equipment for service at St.
Lucie is established by the seismic tests performed on the 50DHP350 switchgear equipment along
with analytical comparisons based upon the static loading tests and other simple measurements. 
The conclusion is made that the test program and the subsequent correlation and additional
analysis of special features of the subject switchgear unit has verified the ability of the 50DHP250
metal-clad switchgear furnished for this station to operate satisfactorily during the specified seismic
environment.

Refer to NLI report R-037088-2, revision 1 for in-cabinet response spectra which reflects the 
modified switchgear configuration as documented in PCM's 89350 and 89351.
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 B. 480 VOLT SWITCHGEAR AND STATION SERVICE TRANSFORMERS 
  
  The following is a summary of the ITE Imperial Corporation seismic qualification of the 480 

volt switchgear . 
  
  1. Test Methods 
  
  The 480 volt switchgear, bolted to a one inch steel plate, was mounted to the horizontal 

platform of the seismic shock machine.  The platform was then preloaded to the desired 
static capacity. 

  
   Accelerometers were attached to the shock platform to monitor the horizontal force and 

the resultant force at 35° above the horizontal.  Additional accelerometers were attached 
to the unit under test at the points specified and are reported in the results of test. 

  
   Once satisfactory operating conditions were established, a series of shocks were applied 

at various magnitudes ranging from 0.5 g's to a maximum of 3.0 g's acceleration.  During 
each shock, the system was monitored for electrical malfunction or mechanical damage 
as a result of the applied acceleration.  During seismic testing the circuit breakers were 
successfully electrically opened and electrically closed.  No malfunctions were observed 
throughout the test (Table 3B-2A is a letter certifying this). 

  
   The above tests were performed with the shock applied in the front to back direction of the 

unit.  The unit was then turned 90° about vertical axis and subjected to at least one shock 
at 3 g's in the side to side direction. 

  
  At the completion of the tests with the four-cycle system, all springs were replaced to 

attain the proper velocities for six-cycle shock tests and eleven-cycle shock tests. 
  
  2. Results of Shock Tests 
  
  The observations noted and recorded during the above detailed test procedure are listed 

in Table 3B-1.  In 1972, additional shock tests were performed at basic frequencies of 6 
and 11 cps along the front-to-back axis.  The horizontal output accelerations at position 
number 2 were recorded on oscillographs.  Refer to Table 3B-2. 

  
  3. Resonant Survey 
  
  At the completion of shock tests, the 480 volt switchgear was removed from the shock 

machine and then mounted to the table of a low frequency vibration machine. 
  
  The unit was subjected to a vibration scan in a frequency range from 5 to 33 cps.  For this 

scan, accelerometers were attached to the unit at the same points as monitored during the 
shock tests.  Resonant conditions of these points, if any, were noted and recorded.  This 
scan was performed in each of the two horizontal axes. 
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 Monitored Resonant Transmissibility 1

 Points Axis Freg. (cps) (output/input)
 ___________________________________________________________________________

 2 Front to back 19.0         29.0
 3 Side to Side 12.0           3.5
 4 Side to Side 10.0           1.75
 5 Front to back 16.0         35.0
 6 Front to back 22.0         60.0
 
There were no appreciable resonant conditions of Points 1 or 7, nor the structure frame, in the frequency
range scanned.

In 1972, an additional vibration scan was performed along the front to back axis at position number 2 on
the outside of the left front panel 10.5 inches from the top.  The data is listed below:
 
    Frequency Transmissibility
   c.p.s.   (ratio of output/input)
  

5 1.0
6 1.0

 7 1.0
8 1.0
9 4.0

 10 2.0
 11 2.0
 12 2.0
 13 2.0
 14 2.0
 15 2.0
 16 3.0
 17 4.0
 18 8.5
 19 16.0
 20 8.0
 21 5.0
 22 6.25
 23 6.0
 24 3.33
 25 2.33
 26 1.0
 27 0.66
 28 0.35
 29 0.75
 30 1.0
 31 1.0
 32 1.5
 33 1.0

  1) Transmissibility is defined as a ratio of the output amplitude
 divided by the input amplitude.
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TABLE 3B-1 
480 VOLT SWITCHGEAR 

RESULTS OF SHOCK TEST (PEAK ACCELERATIONS) 
 
I Four Cycle Shock Tests: 
 
Along the Front to Back Axis: 
 
 Shock Inputs (g's) Outputs          (g's)     Circuits Monitored 
 No. 36° Horiz. 1 2  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 1 0.6 0.5 0.5 0.5  1 ok ok ok ok ok ok ok ok 
 
 4 1.0 0.8 1.1 1.1  1 ok ok ok ok ok ok ok ok 
 
 7 1.9 1.6 2.4 2.2  1 ok ok ok ok ok ok ok ok 
 
 10 3.0 2.5 2.6 3.2  1 ok ok ok ok ok ok ok ok 
 
 Shock Inputs (g's) Outputs           (g’s)    Circuits Monitored 
 No.  36°  Horiz.    5     6  7  Mode  EB4  EB6  EB8  EB10  EB12  EB14  EB16  EB18  
 
 12 3.0  2.5  2.4  2.7  2.6  1    Circuits not Monitored 
 
 
Along the Side to Side Axis: 
 
 Shock Inputs (g's) Outputs            (g's)    Circuits Monitored 
 No. 360 Horiz. 3 4  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 14  3.1  2.7  4.2  3.0   2  ok  ok  ok  ok  ok  ok  ok  ok 
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 TABLE 3B-1 (Cont'd) 
 
II Six-Cycle Shock Tests: 
 
Along the Front to Back Axis: 
 
 Shock Inputs (g's) Outputs           (g's)   Circuits Monitored 
 No. 36° Horiz. 1 2  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 1 0.7  0.6  1.0  0.8   1  ok  ok  ok  ok  ok  ok  ok  ok 
 
 2  1.4  1.2  1.5  1.3   1  ok  ok  ok  ok  ok  ok  ok  ok 
 
 3  2.1  1.7  2.4  2.1   1  ok  ok  ok  ok  ok  ok  ok  ok 
 
 9  3.3  2.8  4.1  4.0   1  ok  ok  ok  ok  ok  ok  ok  ok 
 
 
 Shock Inputs (g's) Outputs           (g's)   Circuits Monitored 
 No. 36° Horiz. 6 7  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 10 3.2  2.8  5.1  4.4   1  ok  ok  ok  ok  ok  ok ok  ok 
 
Along the Side to Side Axis: 
 
 Shock Inputs (g's) Outputs            (g's)   Circuits Monitored 
 No. 36° Horiz. 3 4  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 12  3.3  2.8  3.3  3.8   2  ok ok  ok  ok  ok  ok  ok  ok 
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 TABLE 3B-1 (Cont'd) 
 
III Eleven-Cycle Shock Tests: 
 
Along the Front to Back Axis: 
 
 Shock Inputs (g's) Outputs  (g's)    Circuits Monitored 
 No. 36° Horiz. 1 2  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 1 0.6  0.5  0.9  0.8   3  ok  ok  ok  ok  ok  ok  ok  ok 
 
 2  1.0  0.9  1.7  1.3   3  ok  ok  ok ok ok ok ok ok 
 
 3  1.8  1.4  3.0  2.0   3  ok  ok  ok ok ok ok ok ok 
 
 6  2.9  2.4  4.2  4.2   3  ok  ok  ok ok ok ok ok ok 
 
 Shock Inputs (g's) Outputs  (g's)    Circuits Monitored 
 No. 36° Horiz. 5 6    7 Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 8  3.3  2.6  4.3  4.0  6.6  3  ok  ok  ok ok ok ok ok ok 
 
Along the Side to Side Axis: 
 
 Shock Inputs (g's) Outputs  (g's)    Circuits Monitored 
 No. 36° Horiz. 3 4  Mode EB4 EB6 EB8 EB10 EB12 EB14 EB16 EB18  
 
 9  3.4  2.4  2.6  2.0   4  ok  ok  ok ok ok ok ok ok 
 
 10 3.4  2.4  3.0  2.2   4  ok  ok  ok ok ok ok ok ok 
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 TABLE 3B-2
480 VOLT SWITCHGEAR

RESULTS OF SHOCK TEST 1 (AVERAGE ACCELERATION)

I Six Cycle Shock Tests

BLOW INPUT INPUT OUTPUT
NO. HORIZ. ACCEL. g RESULT. ACCEL. g HORIZ. ACCEL. g
1 0.6 0.7 0.6
2 1.1 1.4 1.1
3 1.6 2.0 1.6
4 1.9 2.2 2.0
5 2.1 2.5 2.3
6 2.3 2.7 2.4
7 2.6 3.2 2.9
8 2.7 3.2 3.0
9 2.7 3.2 2.8

II     Eleven Cycle Shock Tests

BLOW INPUT INPUT OUTPUT
NO. HORIZ. ACCEL. g RESULT. ACCEL. g HORIZ. ACCEL. g

1 0.5 0.6 0.85
2 0.8 1.1 1.4
3 1.4 1.7 2.4
4 2.0 2.5 3.4
5 2.2 2.7 3.8
6 2.3 2.8 3.9

1 The output horizontal acceleration for blows above were interpreted from oscillograph film an the
basis of average acceleration and differ from values listed on Table 3B-1, which were peak
values.
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4. Mounted Equipment

Floor response spectra curves provided for usage on this equipment give a maximum DBE
acceleration of 0.25g input to devices mounted on the equipment for 19 Hz resonance. The
following devices require evaluation for this acceleration input.

B/M
Pc. No. Device Withstandability Remarks
50/51 IAV > 0.25g Certified

59 EOB > 0.25g Certified
Crkt. Bkr.

33 C77 > 0.25g Certified

5. Station Service Transformer

The following is a summary of the BBC Brown Boveri seismic qualification of the 480 volt
station service dry transformer.

The transformer was mounted to a triaxial seismic test table. The test commenced with a
series of three sine wave resonance exploratory scans, one in each orthoganal axis. The
scanning rate was one octave per minute between 1 and 50 Hz at 0.2g. acceleration. The
next seismic test was the first of five operating basis earthquake tests. For the seismic tests
the transformer secondary was energized so that primary voltage appeared at the primary
terminals. This test enveloped the Required Response Spectrum. However, it was noticed
that the low and high voltage air terminal chambers had a tendency to flap up and down on
the table since they had not been separately welded down. At this point they were welded by
one inch welds between the lifting eyes on the bases of the air terminal chambers. It was also
noticed that the displacement measuring linear variable differential transformer mounting was
in motion. The mounting was strengthened.

The next four operating basis earthquake tests were performed without event. It was
observed, however, that the differential transformer mounting continued to be in motion,
invalidating the displacement measurements taken.

Following the five operating basis earthquake tests a design basis earthquake test was
performed. No anomalies were noted.

Subsequent to the required tests reported above an optional test at the discretion of BBC
Brown Boveri (the manufacturer) was performed at table limits in the region of the maximum
of the required response. Levels above 10g.'s were recorded for the table motion. No damage
was sustained by the transformer, the mountings, or the transformer enclosures.

At the conclusion of the qualification seismic tests, the transformer was returned to the Bland,
VA transformer manufacturing plant where it was retested for all performance requirements.
All the readings were within the limits of the ANSI requirements for dry type transformers.
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C.  SEISMIC QUALIFICATION OF 480 VOLT MOTOR CONTROL CENTERS

The following is a summary, of General Electric's Report No. 70ICS100, dated September 3,1970,
which qualifies the 480 volt motor control centers used on St. Lucie Unit 1.

1. Abstract

These tests indicate that the 7700 line motor control center is suitable up to at least 0.5g base
input accelerations through a frequency band width from 5 to 500 Hz.

2. Description of Tests

The test article was attached to the vibration table using conventional bolting methods typical
of actual installation techniques. The vibration fixture (table) was non-resonant within the
frequency band width of interest.

Accelerometers monitored input acceleration at the base of the equipment and resulting
response accelerations at significant points within the test article. Each response monitor
point was instrumented to detect vibration acceleration response in the direction of the input
forcing (base) vibration.

The test article was swept in frequency from 5 to 500 Hz at a one-half octave per minute
sweep rate, at a constant 0.5g input acceleration.

The equipment was vibrated in each of its three orthogonal axes; vertical, horizontal, in-
breadth, and horizontal fore-and-aft.

All vibration sweeps were made with a 480 volt ac 60 Hz source connected to the control
center main bus.

Vibration sweeps were made in two modes of functional status:

a) with each starter unit disconnect in the ON position, but starter not energized.

b) with each starter energized.

The equipment was vibrated with all doors removed from the enclosure to facilitate
observation of component behavior during tests. The doors add little to the rigidity of the
structures, and their removal did not significantly alter test results.

The input acceleration levels were held at a constant 0.1 inch double amplitude displacement
from 5 Hz to 10 Hz instead of a constant 0.5g level due to machine limitations. The date was
normalized and this deviation does not affect the accuracy of the data acquired.
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3. Test Results and Discussion

Plots of input and response acceleration levels for the three orthogonal axes of vibration were
made for various accelerometer locations. The plots reflect data recorded during the de-
energized mode of starters, and represent worst case conditions insofar as response
acceleration levels are concerned.

No changes in functional status were observed during the vibration sweeps: i.e., starters in
the de-energized mode did not close, and starters in the energized mode did not oven.

An examination of the plots shows a prominent resonant point, at 5-6 Hz, when the equipment
was vibrated in both horizontal directions. This resonance at all monitored points represents
the structure resonant frequency. Resonances at various higher frequencies represent
individual component resonant points.

Table 3B-3 summarizes maximum acceleration levels between 5 and 100 Hz measured at
each response point, as taken from plots. An examination of the data of Table 3B-3 indicates
the following:

a) highest response accelerations were generallv found, as would be expected, at
brackets attached to starter unit frames (Pushbutton brackets, cantilever mounted,
are particular examines) .

b) no discernible pattern is evident to relate the vertical position of a starter unit within
the structure to the response acceleration of the unit.

c) disregarding the relatively high acceleration responses of pushbutton brackets, all
monitored points display reasonably similar maximum response levels in any given
direction of input acceleration (maximum recorded difference indicates an
approximate 3:1 ratio of response level).

4.  Conclusions

a) The tests conducted indicate the equipment as tested is suitable for applications up to
at least 0.5g base input accelerations through a frequency band width from 5 to 500
Hz.

b) The resonant level of the equipment structure appears to be at 5-6 Hz, while
component resonant levels are at higher frequencies.

c) The devices can be satisfactory operated when subjected to the seismic testing
described above. (Table 3B-2B is a letter certifying this).
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TABLE 3B-2B (Cont'd)

NOTE ON SPECIFICATION 210-69

Ebasco specification 210-69 (July 20, 1971) specified the following:

"If a seismic design is specified in Part One, Seller shall provide test data to demonstrate the
adequacy of his product to withstand the effects of the specified seismic forces. A product which
complies with the intent of this requirement shall after exposure to specified seismic forces:

a) Exhibit no undue deflection which would prevent any component specified in this
specification from performing normal uninterrupted operation.

b) Have no components dislocated, which would prevent uninterrupted normal operation
(i.e. fuse thrown out of fuse holder, bolt used to mount control transformer sheared,
etc.).

c) Maintain all components in the same operating position during the disturbance as
they were prior to it.

d) Permit operation of all components during the disturbance, i.e. if starter is energized
or deenergized during the disturbance, it will react accordingly.

In testing, the horizontal and vertical accelerations shall be applied simultaneously. The application of
the combination of these two forces shall be repeated to simulate horizontal acceleration of the gear,
in as many directions as necessary to demonstrate the adequacy of the gear due to its asymmetry.
Response spectra curves for the ground motion due to earthquake are attached and form part of this
specification."
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TABLE 3B-3

MOTOR CONTROL CENTERS
  MAXIMUM RESPONSE ACCELERATIONS TO 0.5g BASE INPUT ACCELERATION
                 (BETWEEN 5 & 100 Hz)

 VERTICAL HORIZONTAL HORIZONTAL
              IN-BREADTH           FORE-AND-AFT
  (g) (g) (g)

 ACCEL. LOCATION                                                                                                                                                                                          

 SZ. 4 FVNR UNIT FRAME 1.7 1.2 2.0

 SZ. 4 RVNR UNIT 1.3  .95 1.3

 SZ. 4 RVNR STARTER BASE 1.4  .80 1.5

 SZ. 4 RVNR PUSHBUTTON BRACKET 5.5  .80 1.7

 SZ. 3 FVNR DISCONNECT BRACKET 2.2  .90  .75

 SZ. 3 FVNR UNIT FRAME 2.1  .90  .60

 SZ. 1 FVNR DISCONNECT BRACKET 2.4  .85  .85

SZ. 3 FVNR PUSHBUTTON BRACKET 8.4 1.4 8.1

 SZ. 4 RVNR UNIT FRAME 1.5  .72 1.1

 SZ. 4 RVNR DISCONNECT BRACKET 2.8  .85  .85

 SZ. 2 FVNR UNIT FRAME 1.9  .95 1.1
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D. SEISMIC QUALIFICATION OF 125 VOLT AC AND DC PANELS 
   
   I. AC PANELS  
  
  The following is a summary of the ITE Imperial Corporation  

 Test-R-STD-5, "Seismic Certification CDP-4 Distribution Panel Boards", dated 
November 2, 1972.  The test seismically qualifies power panels: PP-101, 102, 103, 
110, 111, 112, and 114; maintenance bypass buses 1A and 1B, and instrument 
buses 1MA, 1MB, 1MC and lMD. 

  
    1. Input Accelerations 
  

   The maximum input acceleration determined as the high frequency 
asymptotic level is less than 0.20 g, i.e., zero period value.  A horizontal input 
of 0.3 g and a vertical input of 0.1 g is required.  Therefore, in order to ensure 
that all the requirements and the acceleration levels are met, a minimum 
horizontal input acceleration level of 0.3 g is used as a conservative input 
value for a continuous sinusoidal input function. 

  
    2. Discussion and Test Results  
  

   The test results are based upon a continuous sinusoidal motion of long 
duration.  The specimen was tested simultaneously in the horizontal and 
vertical axis.  The ratio of the horizontal to the vertical component was 1 to 
0.726 or the tangent of 36 degrees.  All acceleration values are the horizontal 
input 
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  measured directly at the drive point of the test specimen.  Therefore, any 

response of the testing system was eliminated and only the actual input 
acceleration to the specimen was measured.  The acceleration values are 
input g's and are not to be confused with response or output g's. 

  
  The contacts were monitored during all tests.  The specimen was tested with 

both open mode and closed mode conditions. 
  

   Sample components/devices have been tested separately as a bare device 
as well as tested in their structures. 

  
   The frequency range investigated was between 1 Hz through 33 Hz.  For the 

components, no resonance points were determined in the range. 
  

   No point of resonance was determined on the structure in the seismic critical 
range (1 to 20 Hz).  The specimen, therefore, would experience very little 
amplification and see basically the static loading from the seismic event.  The 
specimen, however, was dynamic tested, with a continuous sinusoidal and 
random vibration input of g forces greater than the required values (i.e., 
received a greater loading than would be experienced by the seismic event). 

  
   During the main withstandabilitv tests (dwell tests), horizontal acceleration 

inputs of greater than 1.0 g was reached, i.e., vertical input was greater than 
0.73 g's. 

  
   During the supplementary random vibration tests, horizontal input 

acceleration of greater than 2.5 g's was reached.  In this test function the 
center band frequency was set at 4 Hz with a band width of +3.16 Hz, i.e., 
0.84 Hz to 7.16 Hz.  The duration of random vibration test was sixty (60) 
seconds. 

  
   3. Summary 
  

  Sample equipment representing the subject equipment has been thoroughly 
investigated for its seismic withstandability.  Seismic tests were conducted 
on the sample equipment with limits well in excess of the referenced 
requirements. 

  
   At no time during any of the tests conducted was there any indication of 

malfunction or failure.  The subject equipment meets well in excess the 
referenced requirements. 
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II. DC PANELS 
 
  The following is a summary of the ITE Imperial Corporation 
 Test-R-STD-2E, "Seismic Certification-Free Standing FC-20 
 Switchboards", dated November 2, 1973. 
  
   1. Input Accelerations 
  
  The maximum input acceleration being determined as the high frequency asymptotic 

level is less than 0.20 g, i.e., zero period value.  A horizontal input of 0.3 g and a 
vertical input of 0.1 g is required.  Therefore, in order to insure that all the 
requirements and the acceleration levels are met, a minimum horizontal input 
acceleration level of 0.3 g is used as a conservative input value for a continuous 
sinusoidal input function. 

  
   2. Discussion and Test Data 
  
  
  The test results are based upon a continuous sinusoidal motion of long duration.  

The specimen was tested simultaneously in the horizontal and vertical axis.  The 
ratio of the horizontal to the vertical component was 1 to 0.726 or the tangent of 36 
degrees.  All acceleration values are the horizontal input measured directly at the 
drive point of the test specimen.  Therefore, any response of the testing system was 
eliminated and only the actual input acceleration to the specimen was measured.  
The acceleration values are input g's and are not to be confused with response or 
output g's. 

  
   The contacts were monitored during all tests.  The specimen was tested with both 

open mode and closed Mode conditions. 
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  Sample components/devices have been tested separately as a bare device as well 
as tested in their structures. 

  
  The frequency range investigated was between 1 Hz through 30 Hz.  For the 

components, no resonance points were determined in the range. 
  
   The resonance frequency of the structure was determined to fall in the range of 8.7 

Hz to 9.9 Hz with a minimum damping factor of 7.7 per cent at 0.1 g input and 
maximum damping factor of 11.8 per cent at 0.1 g input - depending on axis of 
excitation.  The specimen, however, was dynamic tested, at the resonant region and 
other frequencies, with a continuous sinusoidal and random vibration input of g 
forces greater than the required values (i.e., received a greater loading than would 
be experienced by the seismic event). 

  
   During the main withstandability tests (dwell tests), horizontal acceleration inputs of 

greater than 1.0 g was reached, i.e., vertical input was greater than 0.73 g's. 
  
   During the supplementary random vibration tests, horizontal input acceleration of 

greater than 1.0 g was reached.  In this test function the center band frequency was 
set at 8 Hz and 10 Hz with a band width of +3 Hz, i.e., 5 Hz to 11 Hz, and 7 Hz to 13 
Hz respectively.  The duration of random vibration test was sixty (60) seconds. 

  
  3. Summary 
  
  Sample equipment representing the subject equipment has been thoroughly 

investigated for its seismic withstandability.  Seismic tests were conducted on the 
sample equipment with limits well in excess of the referenced requirements. 

  
  At no time during any of the tests conducted was there any indication of malfunction 

or failure.  The subject equipment meets well in excess the referenced requirements. 
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E. SEISMIC QUALIFICATION OF ESF ACTUATION AND MEASUREMENT CABINETS  
 
The original ESFAS panels have been vibration tested.  Circuits were energized during the test; 
circuits were actuated before and after testing; and circuits did not change state during the test.  The 
ESFAS relays were vibration tested.  No natural frequencies were encountered between 5 and 33 
Hz; no natural frequencies exist below 5 Hz; and the relay performed properly and met or exceeded 
all specified requirements from 5 to 33 Hz.  With regard to humidity considerations, the relays are 
evacuated and are hermetically sealed.  Thus, the effects of variations in humidity have been 
accommodated by design. (Similar relays have been qualified for humidity - see certification, pages 
3B-30, 31, and 32) A summary of the vibration tests is provided below for both the ESFAS panels and 
relays.  The vendor's certification for the ESFAS equipment is attached. 
 
The Original ESFAS Panels - Test Summary1 
 
The original ESFAS cabinet design utilizes S. H. Couch relays model number 4CP36-AF.  These 
relays were selected because of their inherent capability to accommodate vibratory motion without 
loss of required function.  They are of the same basic design as relays utilized by the U. S. Navy.  
The relays furnished the navy were successfully tested to accommodate vibratory motion in 1969 
(see Consolidated Controls Corporation letter of February 14, 1974 provided with this appendix).  
Since there were minor differences in design the 4CP36-AF relays were installed in the ESFAS 
cabinets and the total cabinet assemblies were vibration tested as summarized below and detailed in 
reference (1).  Relays were energized during these tests and they maintained required positions 
during the test period. 
 
a) Procedure 
  
 1) The 9N17 cabinets will be bolted together and fixtured so as to 
   simulate normal operating attitude and will be secured to the platform of the seismic 

test machine. 
  
 2) The above will be powered from a 115VAC, 60 Hz source with all 
   input energized.  The channel values for this test will be as 
   follows: 
  
    Containment press - 14.7 psia 
    Containment radiation - 100 mr/hr 
    Refuel level  - 30 feet 
    Pressurizer pressure - 2130 psig 
    SGIA pressure  - 800 psig 
    SGIB pressure  - 800 psig 
   
   3) The system bistables will be set as follows: 
  
    BA101 - 30 psia         BA105 - 15 feet 
   BA102 - 35 psia         BA106 - 1800 psig 
   BA103 - 20 psia         BA107 - 1900 psig 
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   BA104 - 500 mr/hr  BA108 -  400 psig 
   BA109 - 600 psig  BA111 -   600 psig 
    BA110 - 400 psig 
 
    4) Logic inputs to the actuation cabinet will be supplied by 
       jumpering the channel 1 logic to channel 2 inputs and the 
       channel 3 logic to channel 4 inputs. 
  
    5) Incident monitoring will be provided for: 
  
               SIAS   SGIA 
               RAS   CSAS 
               CIS   SGIB 
   
   The test specimen will then undergo the following test procedure: 
  
    (a) The test specimen will be subjected to a resonance survey   
   in each of three mutually perpendicular planes. 
  
    (b) Plane I - Lateral for a frequency range of 2 to 20 Hz at an acceleration 

amplitude of 0.8 g's.  Foundation amplitude varies from 4 inches at 2 Hz to 
0.04 inches at 10 Hz.  The cabinets will be visually and audibly observed for 
resonances during this sweep test.  All resonant frequencies will be noted 
and recorded. 

  
    (c) Plane II - Longitudinal for a frequency range of 2 to 20 Hz at an acceleration 

amplitude of 0.8 g's.  Foundation amplitude will vary from 4 inches at 2 Hz to 
0.04 inches at 20 Hz.  The cabinets will be audibly and visually observed for 
resonances during this sweep test.  All resonant frequencies will be noted 
and recorded. 

  
    (d) Plane III - Vertical for a frequency range of 2 to 20 Hz at an amplitude of 0.6 

g's.  The foundation amplitude will vary from 3 inches at 2 Hz to .03 inches at 
20 Hz.  The cabinets will be visually and audibly observed for resonant 
frequencies during this sweep test.  All resonant frequencies will be noted 
and recorded. 

  
   (e) Electrical criteria for this test will be no bistable trips of logic change of state 

for SIAS, CIS, CSAS, RAS, SGIA, SGIB.   
  
 b) Conclusions and Recommendations 
  
 With the exception of the relay panels becoming loose and opening, the 9N17-1, -3, -5, 

assembly performed to the requirements of the applicable specifications.  The entire 
assembly was energized before, during and after the test period, and at no time was a 
functional discrepancy noted. 
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Upon review of all pertinent data, CCC considers the 9N17 system qualified to the Class I 
criteria when the following recommendation is completed: 

  
  Recommendation No. 1: 
  
 All relay front panels are to be secured to the cabinet frame with at least two additional 

screws positioned near the top of the panel, on each side.  These screws are in addition to 
the present fasteners at the top of the panels. 

  
  This recommendation has been implemented. 
  
ESFAS Relays - Test Summary2 
 
The exact relays installed in the ESFAS were tested separately as described below and in reference 
(2).  During the test program the relay was signaled to change state (during the period of applied 
vibratory motion) at each of the frequencies specified below.  At no time during the tests did the relay 
fail to close or open when called upon to do so, nor did it close or open when not called upon to do 
so.  In summary, the exact relay was tested to insure its ability to accommodate vibratory motion and, 
as expected, it performed satisfactorily. 
 
a)  Equipment Identification 
               
  S.H. Couch  Relay 4CP36-AF  SN/7250 
               
  Socket   29-407639-01 
               
  Spacer (2)  R1090 
 
b)  Equipment  Specification 
     
 1)  EBASCO  Services  FLO-8770.145 
           
  Engineered Safeguard Logic Panels. 
      
 2)  Requirements per Paragraph 4.3 of Specification 
   
   Horizontal    0.8  G       2-20 Hz. 
 
  Vertical      0.6  G       2-20 Hz. 
   
 3) Equipment must operate during and after seismic event (vibration). 
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c) Test Method 
  
   1) Mount the specimen relay and chassis on the vibration test machine in Plane I. Photograph 

the test setup. 
  
  2) Attach the accelerometer to the test chassis in close proximity to the base of the relay or on   

        the relay itself. 
  
  3) Connect a 24v DC power supply, switching device and strip chart recorder in such a manner  
              to energize the relay approximately once each 5 seconds.  Monitor both the coil voltage and 
a              normally open set of contacts to show operation of the relay during vibration. 
  
   4) Sweep Test 
  
   Run a sweep test from 5 to 33 Hz per paragraph C.5 to check 
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for any natural frequencies.  If no natural frequencies are found between 5 and 33 Hz, it has been 
determined that there are no natural frequencies 5 Hz or below 5 Hz for this device. 
  
5) Continuous Test 
  
  (a)  Apply a continuous sinusoidal vibration to the sample  
  from 5 Hz to 33 Hz as follows: 
   
      Frequency         Acceleration      Displacement (D.A.) 
      Hz              G   inches 
       ___________ ____    _______________              _____________ 
 
    5 0.82 .65 
    6 1.2 .65 
    7 1.7 .65 
    8 2.5 .75 
    9 3.2 .75 
           10 4.0 .75 
    11 4.9 .75 
    12 5.8 .75 
    13 6.5 .75 
    14 7.9 .75 
    15 9.0 .75 
    16 10.0 .75 
    17 10.0 as  required 
    18 10.0 as  required 
    19 10.0 as  required 
    20 10.0 as  required 
    21 10.0 as  required 
    22 10.0 as  required 
    23 10.0 as  required 
    24 10.0 as  required 
    25 10.0 as  required 
    26 10.0 as  required 
    27 10.0 as  required 
    28 10.0 as  required 
    29 10.0 as  required 
    30 10.0 as  required 
    31 10.0 as  required 
    32 10.0 as  required 
    33 10.0 as  required 
 (b) Apply vibration for a minimum of 30 seconds at each frequency.  Operate relay with 

switching mechanism and record relay contact and coil results on the strip chart 
recorder. 

  
 d)  Results and Conclusions 
    1) The relay performed properly and met or exceeded all specified requirements from 5 to 

33 Hz. 
  2) No natural frequencies were encountered between 5 and 33 Hz.  It  has been 

determined that no natural frequencies exist below 5 Hz based upon the relay 
configuration and test data. 
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ESFAS Relays - Cabinet Amplification Summary 3

The NRC in its supplement to the SER of May 1975 at Section 8.3.3 questioned the validity of the
tests performed in reference 2 with respect to the possible amplification of input g values for relays
mounted in the ESFAS cabinets.

The relay panel was analyzed (reference 3) to determine its natural frequency. The calculated
fundamental frequency of the panel was found to be 16.7 Hz. The cabinet with the relays was also
subjected to a shake table test (reference 1). The test results indicated that the overall cabinet framing
natural frequency was 20Hz or over. The cabinet relay resonance frequency of 20 Hz compares
favorably with the calculated value of 16.7 Hz.

The floor response spectra for elevation 6.2 of the reactor auxiliary building are provided by Figures
3.7-21 and 23. From these figures it is evident that components with natural frequencies greater than
6.7 Hz will not experience resonances. Therefore, the cabinet and all of its components will respond
as a rigid body to a maximum floor acceleration of about 0.2g, i.e., the cabinet will not amplify the floor
response. In view of the 10 g accelerations used in the tests of reference 2, it is clear that the relays
have been successfully qualified at seismic levels well above the design levels for St. Lucie 1.
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CERTIFICATION
Engineered Safeguard Logic Panels

St. Lucie Nuclear Power Station
Unit #1

Februrary 14, 1974

I Engineered Safeguard Logic modules 6N81 through 6N87 similar to 6N88, 6N89, 6N90, 6N91

and 6N92 were temperature qualified to 130 degrees Fahrenheit and 94% RH. The modules

met all specification during the seven day test. Consolidated Controls Corporation

Engineering Report # 803 dated 2/21/73 incorporates the procedure and data of this

qualification.

II Engineered Safeguard Logic actuation relays S. H. Couch type 4CP36-AF were tested both in

the energized and de-energized state during seismic qualification of the St. Lucie I equipment.

Proper operations of the relays were verified prior to and subsequent to the application of the

seismic forces. This data is contained in Consolidated Controls Corporation Engineering

Report # 824 dated 12/5/73.

In addition to the above qualification testing, Consolidated Controls Corporation has

previously qualified actuation relays built by S. H. Couch Company. Consolidated Controls

Corporation Engineering Report #771, Confidential Restricted Data dated 12/5/69, documents

the operation of S. H. Couch 4AP37-AF relay during a MIL-STD-167 vibration test. After three

hours of vibration, two relays were switched due to the application
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CERTIFICATION
Page Two

of trip imput driving signals. The equipment tested was Reactor-Protective Equipment being provided

to the U. S. Navy. The 4AP37-AF relay is of the same construction as the 4CP36-AF relay being used

in the St. Lucie I equipment. The only differences are the "A-P" which changes contact current

capacity and the "37-36" which changes the coil impedence. The relay operated properly during the

vibration and met all specified performance requirements.

/lmp
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F. SEISMIC QUALIFICATION OF BATTERY CHARGER

The following is a summary of tests performed by TII Testing Laboratories entitled "Report of Seismic
Shock Test on One (1) Battery Charger for C & D Batteries Division of Electra Corporation - Plymouth
Meeting, Pennsylvania," dated September 29, 1970.

1. Vibration Survey

Prior to the seismic shock tests, the battery charger was subjected to a vibration scan in each of the
three mutually perpendicular axes, in a frequency range from 5 to 55 cps. The following resonant
and/or natural frequencies were noted and recorded:

Axis                                       Resonant Frequency                                 Transmissibility

Vertical No appreciable resonance noted

Front to Back 27 cps 3.75 - 1

Side to Side 27 cps 5    - 1

2.         Test Procedure

One battery charger, bolted to a one-inch steel plate, was mounted to the table of the Seismic Shock
Machine.

Accelerometers were attached to the shock machine platform to monitor the vertical and horizontal
accelerations. One accelerometer was attached to the unit under test at the top front of the charger.

Once satisfactory operating conditions were established, the unit was subjected to a series of seismic
shocks applied through the front to back direction of the unit at an angle of 33 ± 2° from the horizontal.
The magnitude of shock acceleration was increased to a maximum of 1.96 gravity units horizontal
simultaneously and linearly combined with 1.28 gravity units vertical. After each blow, the unit was
visually examined for evidence of physical or operational damage.

At the completion of this portion of the test, the battery charger, with base plate, was reoriented 90°
about its vertical axis and again secured to the shock machine. The charger was subjected to at least
one seismic shock in the side to side direction at the maximum acceleration loadings as described
above.

The fundamental frequency of the seismic shock was 10 cps.
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3. Results of Seismic Shock Tests

The battery charger was energized prior to and after shock along the front to back direction. There
was no apparent physical or operational damage.

The following accelerations were recorded during these shocks:

Shock No. Input Input Output at Top of
Horizontal Vertical Battery Charger
(g's) (g's) (g's)

1 0.5 0.4 1.1
2 0.9 0.9 1.2
3 1.2 1.0 2.0
4 1.5 1.4 1.8
5 1.7 1.5 2.5
6 2.0 1.6 2.6

The battery charger was energized at no load during the tests in side to side direction. There was no
apparent physical or operational damage to the unit.

The following accelerations were recorded during these shocks:

Shock No. Input Input Output at Top of
Horizontal Vertical Battery Charger
(g's) (g's) (g's)

1 0.6 0.4 0.9
2 0.9 0.7 1.4
3 1.2 1.0 1.6
4 1.9 1.6 2.2
5 2.0 1.7 2.4

4. Conclusions

There was no apparent physical or operational damage to the battery charger as a result of
simultaneous accelerations of at least 1.96 g's horizontally combined with 1.28 g's vertically during the
shock tests at a fundamental frequency of 10 cps.
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G. Seismic Qualification of Station Auxiliary Motors 
 

Pump motors have been reviewed with regard to seismic forces. The vendor's certification 
that the category 1E station auxiliary motors as well as appurtenances will withstand the 
seismic forces specified in the component specifications is provided as Table 3B-4. 
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 APPENDIX 3C 
 
 ANALYSIS OF STEAM AND FEEDWATER LINE 
 BREAK OUTSIDE CONTAINMENT FOR ST. LUCIE UNIT 1 
 
 INTRODUCTION 
 
In analyzing a main steam or feedwater line break outside containment, particular attention is 
expended in determining the effects on safety related equipment. 
 
The main steam and feedwater lines for each St. Lucie Unit are routed from the containment building 
to the turbine building via two seismic Class I trestles (each trestle supports a main steam line and its 
corresponding feedwater line).  Once outside the containment building, there is no other enclosure 
through which the lines pass on route to the turbine building. 
 
The main steam lines are separated by approximately 15 ft as they emerge from the containment and 
diverge such that at the main steam line isolation valves the lines are approximately 40 ft apart. 
 
The only other safety related components in the area are the three auxiliary feedwater pumps and 
motors which are located under the trestles.  The two motor driven auxiliary feedwater pumps are 
located under one trestle and the steam turbine driven pump is located under the other trestle. 
 
  ANALYSIS 
 
The following analysis is based on the AEC issued "General Information 
Required for Consideration of the Effects of a Piping System Break 
Outside Containment". 
 
1. Protection against pipe whip has been provided outside containment for the main steam and 

main feedwater systems based on the following criteria: 
   
  a. Maximum operating pressure and temperature for the main steam (MS) system is 

885 psig and 52OF respectively; maximum operating pressure and temperature for 
the main feedwater (FW) system is 1050 psig and 44OF respectively. 

  
  
   b. The auxiliary feedwater system pumps (1 steam turbine driven pump, 100 percent 

capacity, and 2 electric motor driven pumps, each 50 percent capacity) are located 
under the seismic Class I trestles that support the MS and FW piping on route from 
the containment to the turbine building. 

  
______________________________ 
 
* Pursuant to the requirements of IE Bulletin 79-01B a re-evaluation of the environmental 

qualification of electrical equipment installed in the plant was performed.  This updates the 
information provided in this appendix.  See Section 3.11 for referencing to FPL responses to 
the bulletin. 

 
 Information provided in this appendix is historical and shall not be updated; however, it may  

still be similar to the re-evaluation documentation if no changes have taken place.   
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c. If unrestrained,  a rupture in the MS or FW piping could cause a pipe whip into safety 
             related structures and equipment (containment structure, auxiliary feedwater system 
              components). 

  
  d. The energy level of a MS or FW whipping pipe can be demonstrated to be sufficient   
                           to impair the safety function of the auxiliary feedwater system. 
  
  
 2. The design criteria employed throughout the plant for the design of restraints and their 

spacing are predicated on restraining the individual pipe regardless of the location or 
orientation of all postulated ruptures.  To achieve this, tables and charts were developed 
which indicate the maximum spans allowable between restraints to prevent development of a 
plastic hinge and concomitant pipe whip.  The tables and charts were prepared based on 
calculated load combinations which can be expected to result from either circumferential or 
longitudinal ruptures occurring along straight runs of piping, after elbows, etc.  The tables and 
charts take into account variables such as size and configuration of the lines and the 
contained energy. 

  
 3. Addressed in section 2 above. 
  
 4. A static analysis which combined the design loads of the piping at operating conditions with 

the loads calculated to exist after a pipe  rupture was utilized in the design of the pipe whip 
restraints and  their spacing.  The rupture loads are given below: 

  
         Reaction Force         Reaction Force 
     Circumferential Break  Longitudinal Break 
  
   Main Steam Line          697,000 lbs                          435,000 lbs    
  Feedwater Line              43,300 lbs                            26,300 lbs 
  

Both the circumferential and the longitudinal breaks considered above are based on a flow 
area equivalent to the cross-sectional area of the pipe.  Refer to Section 3.6 of the Safety 
Analysis Report for a complete description of pipe whip analysis method. 

  
 5. The main steam and feedwater lines for steam generators 1A and 1B are run  on separate 

seismic Class I trestles.  The two steam lines are separated by a distance of approximately  
15 ft 7 inches center pipe to center pipe as they emerge from the containment and by a  
distance of 40 ft at the riser where they turn to enter the turbine building.  The feedwater lines 
are run at a distance of 15' 7" from their respective steam lines and are located 
approximately 60 ft from each other at the entrance to the containment. Refer to pages 3C-11 
& 3C-12. 
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The main steam and feedwater lines are anchored approximately 9 ft from the containment wall.  In 
addition, pipe whip restraints have been provided on the steam lines at intervals of 15' 2", 29' 7" and 
41' 9" from the anchor.  The feedwater line restraints have been provided at intervals of 13' 0", 26' 0" 
and 38' 3" from its anchor.  The spacing of these restraints on the steam and feedwater lines 
prevents the development of a plastic hinge at any of the supports. 
 
All of the above restraints are designed to restrict motion normal to the axes of the MS and FW lines. 
 The lines, therefore, will not whip against each other and in no case will the impingement pressure 
generated by a rupture of a line on trestle A affect the lines on trestle B.  For instance, the maximum 
impingement pressure which steam line A could impart to its counterpart on trestle B is 14 psi.  The 
resulting stresses are within design values for a faulted condition. 
 
The entire seismic Class I portion of the MS and FW lines outside containment are located on the 
trestles.  One additional restraint has been provided on each of the MS and EW lines beyond the 
seismic Class I portions of the pipe to prevent a rupture along the non-seismic Class I portion of pipe 
from adversely affecting the safety related parts. 
 
The only safety related equipment that could be affected by a rupture in the MS or FW lines are the 
three auxiliary feedwater pumps (2 motor driven, 1 steam driven) which are located under the 
trestles. The two electric motor driven pumps are located approximately 15 ft from each other under 
one trestle and the steam turbine driven pump is located under the other trestle.  The orientation of 
the MS and FW lines and the auxiliary feedwater pumps can be seen on pages 3C-11 & 3C-12 (for 
detail see drawing 8770-G-149, sheet 2). 
 
Each of the two motor driven pumps supplies feedwater to one steam generator and together are 
capable of providing sufficient quantities of water for reactor cooldown to 300F*.  The pumps take 
suction from the condensate storage tank and are powered from the emergency diesel generator sets 
in case of a loss of normal power.  The turbine driven pump is capable of supplying auxiliary 
feedwater to both steam generators and its capacity equals that of both motor driven pumps.  The 
turbine driven pump also takes suction from the condensate storage tank and steam power for the 
turbine is supplied from either main steam line upstream of the isolation valve. 
 
Assuming a slot break on the underside of either MS or FW line, it can be shown that the maximum 
jet impingement pressure which could be imparted to an auxiliary feedwater pump directly below 
 
 
 
 
 
 
 
 
 
 
 
 
* Note that shutdown cooling entry temperature has been raised to 325°F TAVE per Technical 

Specification Amendment #28. 
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it is 55 psi and 7 psi respectively.  These resultant stresses are of insufficient magnitude to have any 
deleterious effects on the pump. 
 
Assuming a rupture in a main steam line and assuming an adiabatic expansion of the escaping 
steam, the temperature of the steam will decrease to approximately 320F upon release from the 
steam line.  This situation can be assumed to exist for a total of from 60 to 95 seconds (depending on 
initial power level) during which time the  effected steam generator blows dry. (We assume a loss of 
normal  feedwater since this is the only condition which would require the use of the auxiliary 
feedwater system).  The maximum temperatures will only be experienced by the pump towards which 
the jet is directed. 
 
The equipment manufacturers for the pumps and pump motors have stated that their equipment can 
function in the ensuing environment described above with the only possible ill effects being the failure 
of pump seals due to the temperature.  This type of failure could result in the loss of a maximum of 5 
to 10 gpm but no loss of function. 
 
There is also no danger that a rupture of a steam line or feedwater line could cause a loss of function 
of more than one auxiliary feedwater pump due to flooding.  Each of the three pumps are provided 
with a flood wall around them to elevation +22 ft. with an access opening that would preclude any 
water buildup.  Under normal conditions accumulation within the enclosure is impossible since the 
condensed steam will run out over plant grade. 
 
There is no other credible postulation of interaction between a ruptured main steam line and any 
connected branch line that could lead to a more detrimental condition than that described above or 
otherwise affect the plant capability for safe shutdown. 
  
6.    Stresses were analyzed in the steam trestle using the working 
       stress method.  The load combinations and allowable stresses are 
       as follows: 
  
                             Loading    Stress 
  
              Dead Load + Live Load + Thermal -  Allowable stress  per 
              Load + Seismic Load (Operating     AISC Code (A-36 steel) 
              Basis Earthquake) 
  
              Dead Load + Pipe Break Load     -  1.5 x allowable stress 
             per AISC code (A-36 steel) 
           
              Dead Load + Thermal Load     -  1.5 x allowable stress 
              + Seismic Load (Design        per AISC Code  
   Basis Earthquake)      (A-36 steel) 
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 The seismic load factors applied for dead and equipment load are as follows: 
  
     elevation 36' 0" = 0.125 vertical 
      0.25 horizontal 
   
   elevation 62' 0"   =   0.25  vertical 
        0.50 horizontal 
   
  
 7. Loadings on the restraints and hence the trestles are shown in Tables 1 and 2 on the 

following pages. 
  
 8. Other than the containment structure and the main steam trestles, there are no other seismic 

Class I structures which can credibly be affected by a rupture in the MS or FW lines. 
  
 9. Not applicable. 
  
 10. The consequences of a main steam or feedwater line rupture in the seismic Class I portion of 

the line is discussed and analyzed in Sections 5, 6 and 7 of this report.  Failure of the non-
seismic Class I portions of these lines, the major portions of which are run through the turbine 
building, can not adversely affect the mitigation of the consequences of the accidents and the 
capability to bring the unit to a cold shutdown condition since there is no safety related 
equipment located in the turbine building.  A failure of any non-seismic Class I portion of the 
main steam or feedwater lines located outside the turbine building can only lead to a 
condition less intense than that described in Section 5. 

  
 11. A steam line or feedwater line break will not directly or indirectly result in loss of redundancy 

of any portion of the protection system (as defined in IEEE-279), Class 1E electric system (as 
defined in IEEE-308), engineered safety feature equipment, cable penetrations, or their 
interconnecting cables required to mitigate the consequences of the accident and place the 
reactor in a cold shutdown condition. 

  
Some safety related cables that will experience a change in pressure and temperature 
conditions are those associated with the auxiliary feedwater system.  All cable in the trestle 
area is routed through underground or above ground conduit which will act as a shield from 
the effects of a pipe rupture accident.  The cables are fully enclosed and are thermally rated 
for a temperature of 90C which is below the steam escape temperature of 320F.  Note, 
however, that the 32OF temperature is predicated on an adiabatic expansion, the duration of 
which is between 60 and 95 seconds, and that the extreme temperature will only be 
experienced by the pump towards which the slot break (equivalent 
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 in area to cross-sectional area of pipe) jet is directed. It is expected that the cables 

associated with the impinged upon pump will suffer no adverse effects causing loss of 
function. Even if one pump is rendered inoperable, the two remaining auxiliary feedwater 
pumps have sufficient capacity to allow reactor cooldown to 300F. 

 
 Other electrical equipment expected to remain operable after the accident are the main 

steam isolation valves, the atmospheric dump valve and the steam line safety relief valves of 
the intact main steam line. The maximum expected impingement pressure on any conduit on 
the intact trestle is 15 psi. 

 
12. The north wall of the control room is approximately 100 ft from the closest main steam line 

and approximately 85 ft from the closest feedwater line. Since both the MS and FW lines are 
located outside in the plant yard, no appreciable temperature buildup is anticipated. However, 
redundant control room air intakes are provided on the north and the south walls of the 
reactor auxiliary building. In the event that a temperature buildup occurs, air intake to the 
control room can be effected through the south wall intake. Another alternative would be to 
close both air intakes and run the ventilation system in the recirculation mode for as long as 
is necessary. 

 
13. The safety related electrical equipment which could experience changes in temperature and 

pressure due to a pipe rupture accident are listed below: 
 
 a. The motors of auxiliary feedwater pumps 1A and 1B 
 
 b. The motor driven steam stop valve, I-MV-08-3, for the turbine driven auxiliary 

feedwater pump 1C 
 
 c. The actuating circuitry of the main steam isolation valve (and seat bypass valve) of 

the intact system 
 
 The manufacturers of the equipment listed above have stated that there should be no 

degradation of equipment due to the environment postulated to exist after a main steam or 
feedwater line rupture. All of the above listed equipment is designed for outdoor service and 
is expected to withstand the relatively short lived temperature transient resulting from a main 
steam or feedwater line rupture. All cables routed to this equipment are completely enclosed 
by conduit and are rated for 90C service. There will be no loss of system function if 
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 one auxiliary feedwater pump becomes inoperable; there will be no loss of system function if 
the motor driven steam stop valve (I-MV-08-3) becomes inoperable; and, there will be no loss 
of isolation function on the intact main steam line since the valve is designed to fail closed on 
loss of power. 

 
 Safety related features of the plant, other than those identified above, will not be affected by a 

main steam or feedwater line break since the propensity for damage is attenuated with 
distance and no additional safety related equipment is located in the area. 

 
14. Drawing 8770-G-149, sheets 1 and 2, and drawing 8770-G-408, sheets 2A & 2B show the 

routing of the MS and FW lines from the containment to the turbine building, the locations of 
the auxiliary feedwater pumps and their respective piping, and the electrical cable routing in 
the trestle area. 

 
 As stated in item 12 of this report, the control room wall and one of its 100 percent capacity 

ventilation intakes are approximately 85 ft south of the closest FW line and 100 ft south of the 
closest MS line. A second 100 percent capacity ventilation intake is located on the south side 
of the reactor auxiliary building. Both ventilation intakes are located at elevation +78' 9". 

 
15. As stated in section 5 of this report, there is no potential for a flooding event caused by a main 

steam or feedwater line to prohibit the auxiliary feedwater system from performing its function. 
Each of the three pumps are surrounded by a flood wall to elevation +22 ft with an access 
opening which would preclude any water buildup.  

 
16. The main steam and feedwater piping are designed as seismic Class I and nuclear safety 

class 2 (quality group B) from the steam generators up to and including the isolation valves 
outside the containment on the trestle. For fabrication and installation, these lines have 
complied with (fabrication) and will comply with (installation) the quality assurance 
requirements of class 2 piping as specified in ANSI B31.7. This entails 100 percent 
radiography of all welds as well as the non-destructive testing requirements stated in the 
material specifications. The St. Lucie Plant has an inservice inspection program for quality 
group B components. 

 
17.  Not applicable. 
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18. A full description of a postulated main steam line rupture and a Postulated feedwater line 
rupture is described in Sections 15.4.6 and 15.2.8 respectively. 

 
 
19. A description of the seismic classification and quality group classification of the main steam 

and feedwater piping is presented in section 16 of this report. There are no other lines 
containing high energy fluid penetrating the containment structure during normal operation. 

 
20. Since the main steam and feedwater system piping is not routed through any enclosed areas 

after emerging from the containment structure, buildup of pressure in these areas is not 
anticipated. In a similar manner, the only temperature buildup expected will be in the 
immediate area of the ruptured line and along the path of its resultant jet. Based on an 
adiabatic expansion of the steam line fluid, a very conservative jet temperature of 320F is 
assumed for the duration of the blowdown. The conservatism is manifest since no mixing or 
heat dissipation is considered in the assumption. 

 
 Assumptions, methods, and results of analyses concerning the steam generator blowdown is 

presented in Section 15.4.6 of the St. Lucie Unit 1 FSAR. 
 
21. Any pipe rupture in either the MS or FW system outside containment is not expected to 

damage the containment structure based on the following reasons: 
 
 a. As described in section 7 of this report, the flued head anchor of the penetration is 

designed to accept the expected loads imparted from a complete pipe severance. 
 
 b. The pipe whip restraints have been designed and spaced to prevent development of 

a plastic hinge. 
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APPENDIX 3D

ANALYSIS OF HIGH ENERGY LINE RUPTURE
OUTSIDE CONTAINMENT*

INTRODUCTION

The systems analyzed herein are the lines used for shutdown cooling which includes portions of the
low pressure safety injection system, chemical volume and control system (letdown and charging
lines), steam generator blowdown system and auxiliary steam system.

In analyzing the effects of rupture in these high energy lines on systems or components required for
safe shutdown, except as noted hereinafter, the following general criteria were considered:

a) For those concrete structures protecting systems and components essential to safe
shutdown, the load combination of pipe rupture and design basis earthquake (DBE) is
assumed

b) Single active failure in addition to the pipe rupture is assumed

c) Other than normal shutdown systems (e.g., ECCS) are considered acceptable to achieve safe
shutdown

d) Piping which is pressurized only during testing is not considered

e) The criterion used to demonstrate structural adequacy is to show no loss of function.

* Refer to Appendix 3C for analysis of main steam and feedwater lines. Pursuant to the
requirements of IE Bulletin 79-01B, a reevaluation of the environmental qualification of electrical
equipment installed in the plant was performed. This updates a portion of the information provided
in this appendix. See Section 3.11 for referencing to FPL responses to the bulletin.

Information provided in this appendix is historical and shall not be updated; however, it may still  
be similar to the re-evaluation documentation if no changes have taken place. 
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In addition to the MS and FW lines as presented in Appendix 3C, there are four pipe lines which have
been identified as high energy pipelines outside the containment. These are the steam generator
blowdown lines, auxiliary steam lines, letdown and charging lines, and the shutdown cooling system
(including portions of the LPSI System). All these lines are located in or on the roof of the reactor
auxiliary building which adjoins the containment structure.

These lines with the exception of the auxiliary steam lines are designed with steel pipe restraints
which are supported from embedded plates in the concrete floors, walls or ceilings. The pipe
restraints are only loaded in the event of a pipe break; separate pipe hangers or supports carry the
normal pipe loads and separate seismic restraints provide seismic resistance.

Ultimately, all loads are resisted by the affected concrete walls, floors and ceilings. To analyze for the
loads imposed on concrete elements, each affected pipe system has been traced so that all pipe
loads imposed on a particular concrete element are identified and located. For pipe restraints, the pipe
restraint which imposed the most critical load (in terms of magnitude and point of application) is
applied to the concrete element. The concrete element is then analyzed in terms of all imposed loads
in accordance with loading combinations indicated in Section 3.8.6.4.

It should be noted that the largest pipe break load for these lines imposed on a pipe restraint
supported by concrete is in the order of 7,000 lbs. Normal pipe anchor loads are of similar magnitude.
Most of the structural concrete walls and slabs affected by this investigation are 2 ft. thick with
medium to heavy reinforcing. The loads imposed on the elements by piping, either normal or accident,
are relatively small in comparison to the capacity of the element.

An analysis is presented herein of wall Number 5. This wall was identified as a critical element. As can
be seen from the calculations, the flexural capacity of the wall is twice the imposed load. See
Appendix 3E.

The effects of high energy pipe breaks have been reviewed for their effect on structural concrete
elements in accordance with the criteria set in Section 3.8.6.4. No deficiencies in the structural
strength of concrete elements have been determined; therefore, it is concluded that the effects of high
energy pipe breaks outside the containment are within the capacity of the structural elements of the
building.
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ANALYSIS

The following analysis is based on the AEC issued "General Information Required for Consideration of
the Effects of a Piping System Break Outside Containment.”'

1) Protection against pipe whip is provided outside containment based on the following criteria:

a) Shutdown Cooling System (including portions of the LPSI System)

(1) Maximum operating pressure-and temperature during shutdown cooling is
450 psig and 300 F, respectively.

(2) Although restrained, a ruptured shutdown cooling system line, were it not
restrained, could impact a component cooling water line and a containment
spray line.  Of the two, the containment spray line is not necessary for safe
shutdown.

NOTE: The shutdown Cooling System entry temperature has been increased to 325F by
revision to the plant Technical Specifications.  This increase in temperature does not
increase the potential for loss of structural function as detailed in this analysis.

b) Chemical and Volume Control (CVCS) System - letdown and charging lines

(1) Maximum operating pressure and temperature for the letdown line during
normal operation is 2219 psia and 450F, respectively.  Downstream of the
letdown heat exchanger and after the pressure has been lowered by the
letdown control valves, a pressure reducing valve lowers the pressure to 200
psig; temperature at this point is 140F.

Maximum operating pressure and temperature for the charging line during
normal operation is 2300 psig and 120F, respectively.  However, any rupture
in the line reduces the pressure to essentially zero since the charging pumps
are of the reciprocating type.

(2) Although restrained, a ruptured letdown line, were it not restrained upstream
of the pressure reducing valve, could impact a component cooling water line
which is necessary for safe shutdown.

c) Steam Generator Blowdown System

(1) Maximum operating pressure and temperature during normal operation is
900 psig and 532F, respectively.

(2) Although restrained, a ruptured blowdown line were it not restrained could
impact a component cooling water line which is necessary for safe shutdown.
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d) Auxiliary Steam System

(1) Maximum operating pressure and temperature during normal operation is 40
psig and 350 F for one main section of the auxiliary steam supply system,
and 75 psig and 350 F for the other. Various branch lines operate at lower
pressures and temperatures and will be discussed separately.

(2) One branch of the auxiliary steam system supplies steam to the boric acid
and waste concentrators and passes through portions of the RAB. Another
branch supplies steam to the decontamination facility but does not enter the
RAB except for the decon area itself.

2) The design criteria employed throughout the plant for the design of restraints and their
spacing are predicated on restraining the individual pipe regardless of the location or
orientation of all postulated ruptures. To achieve this, tables and charts were developed which
indicate maximum spans allowable between restraints to prevent development of a plastic
hinge and concomitant pipe whip. The tables and charts were prepared based on calculated
load combinations which can be expected to result from either circumferential or longitudinal
ruptures occurring along straight runs of piping, after elbows, etc. The tables and charts take
into account variables such as size and configuration of the lines and the contained energy.
Lines 1 inch in diameter or smaller are not considered.

3) Addressed in section 2 above.

4) A static analysis which combined the design loads of the piping at operating conditions, the
loads calculated to exist after a pipe rupture, and DBE forces was utilized in the design of the
pipe whip restraints and their spacing.

Both the circumferential and the longitudinal breaks considered are based on a flow area
equivalent to the cross-sectional area of the pipe. Refer to Section 3.6 of the Safety Analysis
Report for a complete description of pipe whip analysis method.

5) A description of the measures employed to protect against pipe whip, blowdown jet and
reactive forces for the systems under consideration are presented in detail in Section 3.6 of
the SAR. The criteria presented in Section 3.6 are extended to apply equally well to non-
seismically designed portions of high energy piping. A summary of the criteria is presented
below:

Pipe whip restraint locations for this plant are chosen based on maximum pipe spans required
to develop ultimate moment and torque capabilities of the pipe cross section. Break locations
in piping are assumed to occur at any location along the piping in all systems with normal
operating pressures above 125 psig. The design loading combinations and stress criteria
used for pipe restraint design are stated in SAR Section 3.6.3.
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Actual pipe whip restraint location and spacing are shown on SAR Figures 3.6-10 and 3.6-19
through 3.6-32 for the shutdown cooling and low pressure safety injection system and on
Figure 3D-1 for the letdown line. The auxiliary steam system is not restrained.

6) The evaluation of the structural adequacy of Category I structures as well as the design
criteria used for these structures is discussed in Section 3.8.6.

7) The structural design loads, including the pressure and temperature transients, the dead, live
and equipment loads, and the pipe and equipment static, thermal, and dynamic reactions are
discussed in Section 3.8-6.

8) Seismic Category I structural elements such as floors, interior walls, exterior walls, building
penetrations and the buildings as a whole have been analyzed for eventual reversal of loads
due to the postulated accident. The accident forces are relatively low; design changes are not
necessary, based on an analysis of all high energy lines.

Ruptures of auxiliary steam lines will not adversely affect Category I structures,

9) Not applicable.

10) An evaluation of the consequences of a high energy line accident including failures caused by
the accident is presented below:

a) Shutdown Cooling System (including portions of LPSI system)

The limiting or worst case shutdown cooling line rupture is the one which allows the
greatest amount of reactor coolant to escape into the reactor auxiliary building, i.e., a
rupture of a 12 inch line just at the onset of shutdown cooling. The temperature and
pressure conditions at this time are 300 F and 450 psig, respectively. * The resultant
temperature and pressure rise, 50 F and less than 1 psig respectively, have an
insignificant effect on surrounding structures. Refer to Section 3.8.6.

See note in paragraph 1.a) for system max operating temperature revision.
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b) Letdown Line

The limiting or worst case letdown line rupture occurs between the containment penetration and
the pressure reducing valve where the internal energy is maximized. A guillotine rupture of the
line is considered which results in a critical two phase blowdown into the reactor auxiliary
building pipe tunnel area. The steam and water discharge at near sonic velocities through the
2 inch pipe.

A high temperature alarm downstream of the regenerative heat exchanger alerts the control
room and also initiates closure of the upstream letdown isolation valves. Approximately 1000 lbs
of letdown water will blowdown before valve closure. The water is assumed to be at 600 F since
no cooling in the regenerative heat exchanger is expected at such a high flow rate. The resultant
temperature and pressure rise, 50 F and less than 1 psig respectively, have an insignificant
effect on surrounding structures. Refer to Section 3.8.6.

c) Steam Generator Blowdown Line

The letdown line rupture discussed in (b) above is limiting, i.e., the blowdown line rupture results
in a less severe transient. The blowdown lines are isolated by one of two containment isolation
valves (one inside and one outside of containment). Redundant primary devices detect a line
rupture, alert the control room and initiate closure of the isolation valves.

d) Auxiliary Steam System

There will be no structural failures as a result of auxiliary steam line ruptures.

Auxiliary steam lines 3-AS-13, 14 and 16 (refer to Figure 3D-2) have been terminated (flanged
off) prior to entrance into the RAB and as close to the main header as possible. Auxiliary steam
lines 12-AS-1 and 3/4-AS-31 are the only auxiliary steam lines to enter the RAB, although
only for a short distance and not near safety related equipment.
Nonetheless, redundant heat sensors have been added along the run to alert the control room of
a rupture and to automatically terminate blowdown by closing valves PCV-16-1 and MV-08-12
for 12-AS-1, and valves PCV-16-6 and TCV-08-5 for 3/4-AS-31. (Refer to
Figure 3D-2).

In addition, heat sensors have been added to the control room north outside air intake duct, 
which will automatically close the control room isolation valves in the event of a rupture of
12-AS-1 which is routed approximately 12 feet away. Since the line pressure at this point is only
= 27 psig, impingement is not a concern. Calculations have shown that the maximum 
temperature rise in the control room is within 20 F of ambient assuming 750 cfm (intake fan
capacity) of steam is drawn directly into the control room until closure of the isolation valves.
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11) The analysis presented below is an evaluation of the effect of high energy line ruptures on
safety-related systems necessary to mitigate the consequences of those ruptures and place the
reactor in a cold shutdown condition.

Safety related systems needed to mitigate the effects of any particular high energy line break
may vary depending on the particular circumstances and assumptions.  These are discussed on
a case by case basis below.  Safety related systems needed to bring the reactor to a cold
shutdown generally include the auxiliary feedwater system (assuming main feedwater is not
available) and the shutdown cooling system (including portions of the LPSI system).

Further, the analysis investigates cases where high energy line ruptures may result in
environmentally induced failures in other protection systems which are not required to function to
mitigate the rupture or bring the plant to cold shutdown.  For these cases loss of redundancy but
no loss of function is permitted.

a) Shutdown Cooling System (including portions of the LPSI system)

A shutdown cooling line rupture does not initiate an automatic protective system function. 
Since the shutdown process is a carefully controlled administrative process, the operator is
always aware of critical system parameters as pointed out in Section 20 of this appendix.

During the shutdown cooling mode of operation, the shutdown cooling system can accept a
rupture of one shutdown cooling line and a single active failure.  However, it is not a design
basis of the system to accept any passive failure although selective passive failures could
be tolerated.

Although not designed for passive failures, a single pipe rupture in the shutdown cooling
system can not affect other portions of the shutdown cooling system which are redundant. 
This is accomplished by physical separation.  However, certain portions of the shutdown
cooling system which are not redundant could disrupt the shutdown cooling process were
they to rupture.

The calculated temperature rise to 170F will not have any effect on cables in the area since
these cables are qualified to 270F, 44 psig and 100 percent humidity for at least 15
minutes, for longer than the duration of the blowdown effects.  All electric pump motors and
motor operators for valves are designed for a 40C temperature rise.

b) Letdown Line

A letdown line rupture could initiate an ESFAS signal (SIAS) if reactor coolant pressure
dropped below
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the SIAS actuation setpoint.  If an SIAS were generated, it would automatically close the letdown loop
isolation valves thereby terminating blowdown.  Blowdown may be terminated before the SIAS by the
temperature element downstream of the regenerative heat exchanger which also automatically closes
the isolation valve (on high temperature).  Since the isolation valve is located inside containment, any
rupture outside containment, will not effect them.

A letdown line rupture can not affect the operation of the auxiliary feedwater system
or the shutdown cooling system due to physical separation of the components.

The calculated temperature rise to 175 F will not have any detrimental effect on
cables in the area since these cables are qualified to 270 F, 44 psig and 100 percent
humidity for at least 15 minutes, far longer than the duration of the blowdown effects.

c) Steam Generator Blowdown Line

A blowdown line rupture would not initiate an automatic protective system function. 
Flow through a ruptured blowdown line will be automatically terminated by primary
devices located downstream of the isolation valves.  The steam air environment
resulting from line rupture will not adversely affect the sensors or isolation valve
located outside of containment.

The effect of blowdown line rupture and subsequent temperature rise in the pipe
tunnel is less severe than that calculated for the letdown line, therefore, no
detrimental effect on cables in the area is expected.

d) Auxiliary Steam System

The only auxiliary steam lines entering the RAB are 12-AS-1 and 3/4-AS-31.  Neither
of the lines are routed near safety related equipment and by virtue of the relatively low
line pressures, = 27 psig and 75 psig respectively, ruptures will have no effect on
safety related structures.  In any event, ruptures will be detected by local redundant
heat sensors and automatically terminated.

12) Control room habitability is not affected by any high energy line break since redundant heat
sensors automatically isolate the control room if unusually high temperatures are sensed.
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13) The necessity for electrical equipment to operate as a result of high energy line breaks is
discussed below:

All safety related electric pump motors and motor operators for valves are designed for a 40 C
temperature rise as stated in Section 11. All electrical cable to safety related equipment
outside containment is qualified for 270 F, 44 psig and 100 percent humidity for 15 minutes as
stated in Section 11.

Since no protection system functions are necessary to mitigate the effects of ruptures in the
high energy lines considered, no equipment within the sphere of influence of the rupture need
operate. Note, however, that all safety related equipment in proximity to the ruptures
considered are designed for environmental conditions more severe than those calculated to
exist because of the ruptures. This assures no loss of redundancy even in protection systems
not required to function as a result of the rupture.

Sufficient physical separation and pipe whip restraints preclude damage to protection system
equipment from either jet impingement or pipe whip. No barriers are thus required.

As stated in Section 12, the control room and its equipment will not be affected by any high
energy line rupture.

14) Design diagrams for the shutdown cooling and LPSI systems are provided in the SAR as
Figures 3.6-10 and 3.6-19 through 3.6-32. The letdown line is shown on Figure 3D-1. A
drawing showing the routing of the auxiliary steam system is shown on Figure 3D-2.

15) The potential for flooding of safety relates equipment in tile event of a high energy line rupture
is discussed below:

a) Shutdown Cooling System (including portions of the LPSI system)

A rupture in any portion of the shutdown cooling or LPSI piping could directly or
eventually drain to the ECCS pump rooms which house safety related equipment.
However, these rooms are equipped with sumps which alarm in the control room on
high level which allows the operator to isolate all drain lines to that room or to shut off
the source of the leak or both.

b) Letdown, Blowdown and Auxiliary Steam Systems

There exists no potential for flooding safety related equipment since the volume of
water involved in any case is limited. In any event, all leakage to the ECCS pump
rooms is alarmed and isolable.
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16) The quality control and inspection programs followed for piping systems outside the
containment is as described below:

a) Shutdown Cooling System (including portions of the LPSI system)

For St. Lucie Unit 1, the system is designed as Quality Group A and B outside
containment (St. Lucie Unit 2 system are Quality Group B).  For fabrication and
installation on Unit 1, these lines will comply with the quality assurance requirements
of code class 1 and 2 piping as specified by ANSI B31.7 (for Unit 2 the ASME Section
III code class 2 is used).  This entails 100 percent radiography of all welds as well as
the non-destructive testing requirements stated in the material specifications.  These
components are covered by the plant inservice inspection program.

b) Letdown System

Outside of containment, this line is Quality Group B up to the letdown control valves
designed to code class 2 of ANSI B31.7 for Unit 1, and designed to code class 2 of
ASME Section III for Unit 2.  The quality control and inspection specified for class 2
applies.

c) Blowdown Line

Outside of containment up to and including the isolation valve, the blowdown line is 
Quality Group B designed and inspected as in item (b) above.  In the original plant 
design, beyond the isolation valves up to and including the primary (pressure) 
sensors, the blowdown line was Quality Group C and seismic Category I.  Beyond the
sensors the line is designed to ANSI B31.1 standards.  The NDT requirements are
consistent with that required by the code.  Since the line is at high pressure, at least
10 percent of the welds in the line are radiographed.

d) Auxiliary Steam Lines

These lines are designed to ANSI B31.1 standards and they do not have any special
NDT beyond that required by the code.

17) Not applicable.

18) Since ruptures in the letdown, blowdown and auxiliary steam systems have no effect on the
plant's ability to shut down, the emergency procedures described in SAR Section 9.3.6 for the
shutdown cooling system apply for all cases.

19) High energy lines that pass near structures, systems or components important to safety are
designed as seismic Class I and either Quality Group A, B or C, or the analysis of ruptures
provided herein has shown no degradation in the plant's ability to either shutdown or mitigate
an accident

20) The assumptions and methods used in the analyses follow:
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a) Shutdown Cooling System (including portions of the LPSI system)

The system operates only during shutdown and the operator monitors the cooldown rate to
assure compliance with the Technical Specifications by observing flows, pressures and
temperatures. In addition a number of flow, temperature and pressure instrumentation is
provided to indicate and/or alarm abnormal conditions in the control room. Typically these
include:

1) FIC 3306 will indicate loss of flow and open FCV-3306

2) PI 3303 - will indicate loss of pressure on inlet to SDHX

3) TR 3351 - will indicate low temperature

4) PI 3307 - will indicate loss of pressure

5) PI 1102 - will alarm low level in pressurizer

6) Changing pump flow rate will increase

The ECCS rooms and pipe tunnel communicate with other parts of the reactor auxiliary
building, i.e., it is not isolated. Certain equipment and structures in the ECCS room are
available as heat sinks.

With the above assumptions, the calculated pressure rise from a rupture of a line in the pipe
tunnel or ECCS room is below 1 psig. The temperature rise is approximately 50 F.

In order to terminate blowdown following a rupture, the operator has to close the shutdown
cooling line isolation valves located inside containment. With two valves in each line, a single
active failure will not preclude isolation.

b) Letdown Line

The assumptions used in calculating a pressure and temperature rise in the pipe tunnel for a
letdown line rupture are:

1) Guillotine break with 146.7 lbs/sec blowdown

2) Closure of letdown line isolation valves by temperature element downstream of
regenerative heat exchanger

3) Subsequent to the rupture, no credit is taken for temperature reduction through the
regenerative heat exchanger.

4) Blowdown is terminated in approximately 6 seconds.
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5) No significant venting area from the pipe tunnel

With the above assumptions, the calculated pressure rise from a rupture of a line in
the pipe tunnel is below 1 psig. The temperature rises to approximately 175 F.

c) Blowdown Line

The assumptions used in calculating a pressure and temperature rise in the pipe
tunnel are similar to item (b) above with the following exceptions:

1) Blowdown is at 900 psig and 532 F

2) Blowdown is terminated in approximately 15 seconds

The results are less severe than those indicated in item (b) above.

d) Auxiliary Steam System

Auxiliary steam lines in the RAB are not routed near safety related equipment. In
addition 12-AS-1 does not pass through any enclosed areas so that structurally
significant pressure buildup is not possible. In any event blowdown is terminated
automatically if there is an abnormal increase in ambient temperature.

Outside of the RAB where 12-AS-1 passes approximately 12 feet from the control
room north outside air intake, a conservative calculation assumed that 750 cfm of
500°F steam was drawn into the control room. In actuality the steam temperature is
approximately 350°F in the line and the control room isolation valve would close well
before 750 cfm could be drawn in. Even for this conservative set of assumptions, the
control room temperature rose only 12°F above ambient.

Auxiliary steam line 3/4-AS-31 is not routed in any portion of the RAB except the
decontamination area itself. The decontamination area by definition is a controlled
atmosphere area exhausted through HEPA filters at a rate of approximately 1200
cfm, when decon is not in progress and 10,000 cfm when decon is in progress. A line
rupture would trigger the heat sensors and initiate termination of steam blowdown in
approximately 5 seconds. Assuming critical flow through the 3/4 inch line and a 1200
cfm atmosphere exhaust rate, calculations predict an insignificant pressure increase,
i.e., less than 1 psig.

21) All penetrations through the primary and secondary containment are designed to
accommodate pipe rupture loads. No significant loads from the rupture are transmitted to the
secondary containment by virtue of the design of the penetration assemblies.
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  APPENDIX 3F 
  
 CAPABILITY OF FACILITY TO ACCOMMODATE 
 TORNADO MISSILES 
  
 
1.0 INTRODUCTION 
   
   St. Lucie Unit 1 facility has been designed to withstand the wind loading associated with 

tornadic winds of 360 mph.  In addition, impact of either a 10' x 2" x 4" plank traveling at 
360 mph (528 fps) or a 4000 pound automobile traveling at 50 mph (73 fps) has been  
accommodated by design.  Implementation of these tornado design criteria is discussed in 
Sections 3.3.2 and 3.5. 

  
  Tornado protection of equipment required to achieve and maintain safe shutdown is provided 

by enclosing the equipment in protective structures, or by providing redundant components 
sufficiently separated to preclude interaction of both by a single design basis missile, i.e., 2" x 
4" x 10' plank or automobile.  The capability of the unit to accommodate the design basis 
tornado is further enhanced by the protection afforded by plant structures, and the inherent 
capability of components to accommodate a missile impact spectrum without loss of function. 
 These inherent capabilities were not taken credit for in the implementation of the tornado 
criteria discussed in Sections 3.3.2 and 3.5. 

  
 The Regulatory Staff in its letter of August 26, 1974 requested that the capability of the facility 

be reviewed with regard to the tornado missiles specified by the Staff during its review.  This 
review consisted of three fundamental phases, namely; a review of the characteristics of 
tornadoes indigenous to peninsular Florida; the development of a model to predict missile 
characteristics in tornadoes and the application of this model to the missile spectrum 
identified by the Staff; and a study of the capability of equipment not enclosed in protective 
structures to accommodate tornado generated missiles. 

  
2.0 THE FLORIDA TORNADO 
  
 Section 2.3.1.3 (d) and Appendices 2C and 2F discuss tornado characteristics indigenous to 

peninsular Florida.  Two independent studies, covering the 85 year period from 1887 to 1972, 
both conclude that tornadoes of historic record have had wind speeds of less than 200 mph 
and that the occurrence of a severe, characteristic of the midwest, tornado in Florida is 
unlikely.  The latter conclusion is supported by meteorological considerations and the historic 
record. 

  
  Path length and width data show that the expected tornado contact area in peninsular Florida 

is more than a factor of 10 less than the 2.82 mi2 determined by Thom (1963)1 for Iowa.  
Howe (1974)2 indicates a contact area of 0.17 mi2 for Florida, which is consistent with the 
Dames and Moore value of 0.26 mi2 (Appendix 2F). 
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Path size and intensity have been correlated by several investigators.  Most recently, Wilson and 
Morgan (1971)3 pointed out that (i) long path tornadoes cause over three times as many fatalities per 
mile as all other tornadoes, and (ii) they occur most frequently in the Mississippi Valley region during 
the spring months.  Tornadoes are most frequent in Florida in the summer months of June, July, and 
August.  Typically, the intense and long track tornadoes occur in the same geographic areas of the 
U.S. 
 
By summer mid-level jet stream circulation (favorable to the formation of long-track, multiple 
outbreak, and other severe tornado events normally occurring in the spring) has weakened and is 
well to the north of Florida.  Without the penetration of the jetstream, strong conditional instability and 
its subsequent trigger mechanism (such as a cold front) are absent over peninsular Florida in the 
summer.  Thus, organized convection and probably the rotating cyclones which spawn severe 
tornadoes do not form during the period of maximum tornado activity. 
 
Florida tornadoes show a marked peak of occurrence frequency in the mid afternoon, which is much 
sharper than in the central U.S. This characteristic is actually associated with the predominance of 
summertime tornadoes.  It is a further suggestion that many of the Florida tornadoes occur with 
afternoon heating and sea breeze thundershowers which lack the upper level dynamic support for 
organized tornado formation.  Some tornadoes are probably of waterspout origin as well as 
hurricane-spawned.  The latter are also less intense than those originating from extratropical cyclonic 
storms. 
 
The results of the statistical and engineering studies of Florida tornadoes (Appendices 2C and 2F) 
are of significance meteorologically. In the past two decades, great progress has been made both in 
the development of a body of tornado statistics as well as understanding the primary atmospheric 
conditions which spawn them.  In the early to mid 1950's, various atmospheric conditions, identified in 
proximity radiosonde soundings and synoptic types, indicated that tornadoes originated under 
different conditions in different regions of the country (Fawbush and Miller4, 1954; and Beebe5, 1958). 
 The general notion that tornadic intensity and frequency are a function of atomspheric conditions 
became evident, particularly to those involved in severe weather forecasting. 
 
The midwest tornado frequency and intensity reflects the relative location of the Gulf of Mexico and 
the Rocky Mountains.  The Gulf is the source of the moist air stream at low altitudes, whose large 
energy content (latent heat) can provide rapid ascent once a triggering mechanism provides a 
sufficient vertical displacement.  The mountains impede low level westerly flow, but allow the westerly 
passage of dry (potentially cool) air at higher altitudes. 
 
Cyclonic development frequently occurs in the lee of the Rocky Mountains.  Interaction with the Gulf 
air can result in intensification of the westerly upper level flow into a principal jet stream.  This is 
predominantly a mid latitude effect that occurs north of 
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 peninsular Florida.  The occurrence of this type of synoptic condition over peninsular Florida 
is infrequent due to its distance from the Rocky Mountains.  Thus, based on meteorological 
considerations the risk associated with severe tornado activity is much less in Florida than in 
regions to the north and west where atmospheric conditions favor severe tornado 
development.  The historical record supports this phenomenological conclusion. 

  
3.0 TORNADO MISSILES 
  
 Appendix 3E to the St. Lucie Unit 2 PSAR (docket 50-389, Amendment 21 dated October 11, 

1974) provides a description of the model used to evaluate tornadic missile behavior as well 
as the results of studies of the missiles identified by the Staff.  This study utilized the 
probabilities for geometric strike and wind speed developed in WASH-13006.  The WASH-
1300 study analyzed 1612 tornadoes occurring in the continental U. S. during 1971 and 
1972; developed a geometric strike probability based on path length and width characteristic 
of Iowa; and developed a windspeed probability technique based on Fujita's intensity scale.  
The Fujita scale results from a subjective evaluation of observed damage, and an intensity 
distribution derived for the entire U.S. (581 tornadoes of F2 intensity or higher).  Although not 
considered germane to a peninsular Florida tornado, the WASH-1300 methodology was used 
(in compliance with Regulatory requirements) to arrive at the probability of a missile attaining 
specific velocities in a tornado.  For the upper limit, bounding tornado of historic record (200 
mph), i.e., a tornado more intense than any of historic record: 

  
   a) Probability of a missile achieving its mean velocity is 
   1.5 x 10-5 
  
   b) Probability of a missile achieving its maximum velocity 
   is 7.5 x 10-9 
  
 These probabilities assume a geometric strike probability for Iowa of 1.5 x 10-3.  Appendix 2F 

evaluates the geometric strike based on the Florida contact area, which is about an order of 
magnitude less than the Iowa contact area.  The geometric strike probability for Florida's east 
coast is 5.17 x 10-4.  From Figure 2 of Appendix 2F the probability of achieving a 200 mph 
windspeed is about 2 x 10-3. Thus, based on the most recent peninsular Florida tornado 
evaluation, the 200 mph tornado probabilities are more appropriately represented by: 

  
   a) Probability of a missile achieving its mean velocity 
   is 5.2 x 10-7 
  
   b) Probability of a missile achieving its maximum velocity is 
   2.6 x 10-10 
  

These latter probabilities, which are based on the Dames and Moore D&M study (Appendix  
2F) are considered representative of Florida tornadoes at the St. Lucie site because: 
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 a) The D&M study of 116 Florida coastal tornadoes from 1950 to 1972 reaches the  
  same conclusion with regard to the intensity of Florida tornadoes as the earlier study  
  of Professor Brooks, et. al., (Appendix 2C).  The earlier study covered 429 Florida 
  tornadoes from 1887 to 1968. 
  
  b) The contact area used for Florida is in agreement with that determined by Howe2 in  
  1974.  Thus, the smaller contact area for Florida tornadoes provides a more  
  appropriate geometric strike probability. 
  
  c) The D&M intensity classification is based on an engineering evaluation of the effects  
  of winds on structures, whereas, the Fujita scale is based on a subjective evaluation  
  of observed damage. 
  
  d) The probability of achieving a given windspeed is based on 22 years of Florida  
  coastal tornado data, whereas, the WASH-1300 value is based on 2 years of  
  continental U. S. data. 
  
 It is recognized that at the time of this writing that the D&M intensity classification has not 

been published.  However, it must be noted that this intensity classification has been 
developed under contract for the U.S.A.E.C's Division of Reactor Research and Development 
and is under review therein.  It is anticipated that the D&M meteorological and engineering 
approach will become available in the literature subsequent to completion of RR&D's review. 

 
 Regardless of the technique used at arriving at the probability of achieving mean or 

maximum missile velocities, the occurrence of such missiles is extremely remote.   It must 
also be noted that these probabilities are the product of three individual probabilities, namely, 

 
   P1 - probability that a tornado will strike the site.   
  P2 - probability that a tornado will attain winds of 200 mph. 

P3 - probability that a missile will be generated. 
  
 Calculation of P3 is somewhat complex and is itself dependent on a number of factors which 

include the probability that an object which could become a potential missile will exist within 
the tornado path and, if so, the orientation of the object with respect to wind direction is 
amenable to missile development.  Since no satisfactory method exists at present to 
calculate P3, it has been conservatively assumed in the discussion supra that P3 = 1, 
although for certain missiles, it is expected to be considerably less. 

 
 In addition to the above probabilities the following must also be considered in the evaluation 

of tornado missiles: 
 
   P4 - probability that a missile, if generated, will impact the component. 
   P5 - probability that, if struck, loss of system function occurs.   
  P6 - probability that an independent single failure occurs in the struck component's  
          redundant counterpart. 
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Once generated, there is some probability (P4) that the missile will impact (interact) with the 
component (target) in question.  This interaction may occur in two ways, namely; (a) a missile may 
impact with a given target as a result of its ejection from the tornado windfield at some distance from 
the target, in which case the trajectory of the missile upon leaving the windfield must be such that it 
will interact with the target, or (b) the missile can interact with the target within the windfield as both 
target and missile pass through the windfield. 
 
Both types of interaction have been investigated heretofore to determine the maximum value of P4, 
e.g., see Amendment 29 to Shearon Harris Units 1, 2, 3, 4, Dockets 50-400, 401, 402 and 403, at 
Section 9.8.6.  Values of P4 calculated for Shearon Harris ranged from 9.4 x 10-5  to 5.3 x 10-3  for 
missile impact on a service water pump.  For purposes of this discussion, a value of 10-2 would 
provide a reasonable estimate of P4 for St. Lucie Unit 1. 
 
The capability of components to accommodate a strike without loss of the system's function (P5) is 
difficult to specify quantitatively.  A discussion of the inherent capability of vital components is 
discussed infra.  For purposes of this discussion, P5 = 1 is assumed.  For P6 a reliability level of 10-2 
is appropriate. 
 
The foregoing probabilities can be combined to assess the probability associated with design basis 
type missiles generated by the bounding historic tornado to cause concurrent loss of a component 
function and its redundant counterpart.  These values are less than the following: 
 
        WASH-1300  Methodology appropriate 
      Methodology  to Florida  (D&M) 
  
 Missile at mean velocity  1.5 x 10-9  5.2 x 10-11 
  
 Missile at maximum velocity  7.5 x 10-13  2.6 x 10-14 
   
The probability of missile strike resulting in loss of single component function without loss of its 
redundant components function is 102 greater than these values, i.e., less than: 
  
      WASH-1300  Methodology appropriate 
      Methodology  to Florida (D&M) 
  
 Missile at mean velocity  1.5 x 10-7  5.2 x 10-9 
  
 Missile at maximum velocity  7.5 x 10-11  2.6 x  10-12 
   
Regardless of the methodology, the probabilities associated with an unacceptable strike of a design 
basis type missile in a 200 mph tornado, assuming it can generate the missile, are acceptably low 
and still lower for the Staff's 360 mph tornado.  The design of Unit 1 with regard to tornado strike is 
considered adequate for the large missiles assumed in the design or those identified by the Staff. 
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4.0     TORNADO GENERATED DEBRIS 
 
Reassessment of the tornado design concept requested by the Staff reaffirmed the propriety of the 
design basis missiles and those identified by the Staff during its review.  This notwithstanding, the 
evaluation of tornadic capability was extended to consider a spectrum of small objects (debris) that 
could be generated as a result of tornadic activity at the site and would undoubtedly be present in the 
tornado windfield.  Although not very penetrating, i.e., their damage potential is minimal, their 
multiplicity potential need be addressed.  Thus, the intent of the tornadic debris review was to assess 
the vulnerability of outdoor components to damage from these small miscellaneous objects that might 
be prevalent in a tornado windfield. 
 
The likelihood of component damage from debris is also very small, i.e., the probabilities are 
acceptably low.  However, the possibility for enhanced tornado resistance capability resulting from 
modest facility modifications was considered sufficient to merit consideration.  This action should not 
be interpreted to mean that the capability of the facility to accommodate tornadic events is 
unacceptable.  The design In this regard is adequate.  Rather, any modifications defined infra are in 
accordance with the guidance provided by the Commission at 10 CFR 50.109, namely, backfitting is 
appropriate if "such action will provide substantial, additional protection." This basic criterion governs 
the considerations that follow. 
 
4.1     EXPOSED SAFETY RELATED COMPONENTS 
 
Installation of tornado missile protection for the: a) intake cooling water pumps, b) component cooling 
water pumps, c) diesel generator air intakes and exhausts, d) diesel generator access doors, e) 
diesel generator fuel oil pumps, and f) auxiliary feedwater pumps has been completed and condition 
of license item A deleted by Amendment No. 4 to license issued April 16, 1976.  Therefore, 
commitments for additional missile shielding made in this Appendix are satisfied. 
 
The following safety related components were not originally housed in Category 
I structures or otherwise specifically protected from direct tornado missile impact: 
 
 a) Intake Cooling Water System 
  
  1)  Pumps 
   2)  Piping and Valves (at intake structure and component cooling area) 
  
 b) Component Cooling System 
  
  1)  Pumps 
   2)  Heat Exchangers 
  3)  Piping and Valves (in the heat exchanger area) 
  
 c) Diesel Generator Building Openings 
  
   1)  D G Radiator Louvers 
  2)  D G Ventilation Intake Louvers 
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 3) D-G Ventilation Exhaust Louvers 
  4) Access Openings 
  
 d) Diesel Oil Fuel Storage and Transfer System 
  
   1) Storage Tanks 
  2) D.O. Transfer Pumps 
  3) Piping and Valves (between storage tanks and pumps). 
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   e) Auxiliary Feedwater System 
  
   1)  Condensate Storage Tank (top only) 
   2)  Pumps 
   3)  Piping and Valves (between pumps and main feedwater lines and main steam  
       line) 
  
  f) Main Steam and Feedwater System 
  
   1) Piping and Valves (between containment and isolation valves) 
  
   g)  Control Room Air Conditioning System 
  
    1)  Chiller Units 
   2)  Piping and Valves (to Chiller Units) 
  
  
 4.2  TORNADIC DEBRIS EVALUATION CRITERIA 
  
  In evaluating the effects of tornado missile impact on the exposed components listed in  
 Section 4.1 the following criteria were applied to determine whether enhancement of tornado  
 protection should be considered: 
  
   a) If it could be demonstrated that loss of function of the exposed component(s) would  
  not prevent safe shutdown, no further tornado missile protection was considered  
  necessary. 
  
  b) If it could be shown that the exposed component(s) has considerable inherent  
  capability to resist missile penetration without loss of function, no further missile  
  protection was considered necessary. 
  
  c) If it could be shown that a substantial level of protection is afforded the exposed  
  component(s) by existing structures and  components, no further missile 
protection  
  was considered necessary. 
  
  d) If it could be shown that, in the event of damage to the exposed component(s)  
  alternate protected systems or components would be capable of performing the  
  function of damaged component(s) in achieving safe shutdown, no further missile  
  protection was considered necessary for the exposed component(s). 
  
  
If application of criteria (a) thru (d) or some combination thereof did not result in an acceptable 
conclusion, evaluation of an enhanced protection level was initiated.  Commensurate with the 
guidance provided by 10 CFR 50.109 this evaluation struck an appropriate balance between the 
benefit afforded, i.e., the appropriate degree of enhanced protection; the feasibility of modifying 
existing structures; and the schedule for operability of the unit. 
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Enhanced protective structures, where provided, must be able to accommodate the wind 
loadings associated with current midwest type design basis tornado, i.e., 360 mph, and must 
accommodate the DBE without adversely affecting safety related components and structures.  
In addition, these structures must resist penetration of tornadic debris.  A more than sufficient 
level of such protection is provided by 1.0 feet of concrete, or 1.0 inch of steel, or an equivalent 
combination thereof.  The capability of this level of protection is readily demonstrated by 
considering the ability to accommodate penetration of the large design basis type missiles.  
Table 1 provides this data along with the maximum and mean velocities these missiles could 
achieve in a 200 mph tornado.  It shows that 1.0 feet of reinforced concrete or its equivalent 
provides penetration resistance sufficient to accommodate the maximum velocities attained by 
the large missiles in a 200 mph tornado. 

  
4.3 EVALUATION OF EXPOSED SAFETY RELATED COMPONENTS TO ACCOMMODATE 

TORNADIC GENERATED DEBRIS 
 
 The capability to accommodate tornadic debris has been evaluated for the safety related 

components identified in Section 4.1. The following paragraphs discuss this evaluation and with 
additional justification in Section 6.0.  Figure 1.2-2 provides a site plot plan illustrating the 
relationship of the components and structures discussed below, and Figures 3F-1 to 3F-5 
provide recent aerial views of the facility. 

 
 Components potentially vulnerable to damage from tornadic debris are the active ones, i.e., 

valve operators and pump motors.  On the other hand, piping, pump motor casings and valve 
bodies, i.e., components comprising the pressure boundary of fluid systems, are essentially 
invulnerable to the spectrum of small light objects that are appropriately characterized as 
debris. It is for this reason that the discussion infra focuses on active components. 

 
 4.3.1     Intake Cooling Water (ICW) System 
 
  The intake structure is situated due west of the turbine building with little protection 

afforded by adjacent structures. (Figure 9.2-1a provides the ICW system P&ID.) ICW 
components located on this structure relevant to this discussion of tornado debris are 
the three ICW pump motors.  Piping and valves associated with this system are located 
below grade and in the valve pit area immediately north of and adjacent to the pump 
area.  Active components in the valve pit are the motor operators associated with 
valves MV-21-2 and MV-21-3.  
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 Two of the valve operators in the valve pit are potentially vulnerable to vertical missiles, i.e., 

debris ejected from the tornado following a trajectory with a vertical component. (Figures 10a 
to 10c of the reference 7 illustrate typical trajectories).  These are the operators associated 
with valves I-MV-21-2 and -3.  The normal position of these valves is open and should 
isolation from the turbine cooling water  system be necessary, the valves are closed from the 
control room.  Position indication (red and green lights) is provided in the control room.  Only 
one valve need be closed to insure adequate ICW flow.  Should one or both valves become 
inoperable, manual valves SB-21213 and SB-21167 can be closed.   Since the valve 
operators are located below grade, are physically well separated, have an alternate means 
available to isolate the tie lines to the turbine water cooling system and have redundant 
systems available, it is concluded that adequate tornado protection has been provided. 

 
 The motors of the ICW system utilize the concept of separation to achieve an acceptable 

level of tornado protection.  The inherent capability of the motors to accommodate a 
spectrum of debris has not been addressed specifically.  However, an appreciable capability 
over a broad range of the potential missile spectrum is not anticipated.  Since the addition of 
a modest amount of missile protection for these motors was found to enhance the tornado 
debris capability of the ICW system, physical motor protection is provided.  The motor 
protection allows for adequate natural cooling of the motors, accommodates maintenance 
requirements, and is compatible with the intake crane  lift.  The design provisions to 
accommodate maintenance include a removable structure for each ICW pump motor.  
Removal of the protective structure associated with a single pump allows access to the motor 
and pump for maintenance.  Removal of the shield for maintenance does not affect the 
operability of the adjacent pump(s) provided that the missile shield for each in service pump 
is in place. 

 
 Intake cooling water system piping and valves are also located in the component cooling 

water area.  Except for the connection to the CCW heat exchangers, the piping is not subject 
to impingement by horizontal missiles.  (See Figure 3F-2 for an aerial of this area).  Valves 
upstream of the heat exchangers are manual with a normal lineup that maintains separation 
of the redundant systems.  Downstream valves are normally open, air operated and fail open. 
  Thus damage to the air operators will not result in valve closure.  Accordingly, tornadic 
debris protection of the ICW valves in the CCW heat exchanger area is not necessary. 

 
4.3.2 Component Cooling Water System 
 
 The CCW heat exchanger area is not provided with physical missile protection in toto.  The 

CCW heat exchangers and the CCW pumps are potentially exposed to horizontal missiles, 
thus separation and redundancy are utilized to achieve tornado missile protection.  (See 
Figures 3F-1 and 3F-2 for aerials of this area and section 6.3 of this Appendix for  
justification).  Except for connections to the heat exchangers and pumps, physical protection  
of valves and piping for horizontal missiles is provided.  Figure 9.2-2 provides the CCW 
system P&ID. 
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The CCW heat exchangers and piping thereto have adequate capability to accommodate tornadic 
debris.  For example, consider the heat exchangers.  They are constructed of steel nominally 0.5 
inches thick.  The capability of these heat exchangers to accommodate the design basis type 
missiles is provided by Table 4. 
 
The CCW area is afforded appreciable tornado missile protection by existing plant structures.  
Immediately to the west lies the Fuel Handling Building and the Reactor Building, to the south the 
Refueling Water Storage Tank and the Diesel Generator Building.  Thus, the CCW area is only 
vulnerable from southeast to northwest, and to high trajectory missiles from remaining directions. 
 
There are three CCW headers, two essential headers (A and B) and a nonessential header.  The 
nonessential supply header (designated N) which is connected to both essential headers during 
normal operation, is automatically isolated from both the closure of valves I-HCV-14-8A and 8B and 
I-HCV-14-9 and 10 on a Safety Injection Actuation signal (SIAS).  The valves connecting these 
headers at the suction side of the pumps and downstream side of the heat exchangers are air 
operated, fail close.  Thus, tornadic debris damage to the air operators causing loss of air would 
result in these valves (I-HCV-14-8A and 8B, I-HCV-14-9 and 10) closing, i.e., they assume the safe 
position. Furthermore, the loss of any one of these valves will not prevent the isolation of the 
essential headers from each other.  
 
Motor operated valves I-MV-14-1 and I-MV-14-2 align CCW pump discharge flow with CCW heat 
exchangers 1A and 1B.  Any failure mode of the operators is acceptable; (i) if both valves were 
closed, pump 1A is aligned to heat exchanger 1A and pump 1B to heat exchanger 1B; (ii) if one fails 
open and the other closed, two pumps are available to supply the remaining heat exchanger and one 
pump is available to supply the remaining heat exchanger; and (iii) if both valves fail open, the 1A and 
1B heat exchangers are headered together with supply from three pumps available to both heat 
exchangers.  It should be noted that (i) manual valves I-SB-14166 and I-SB-14156 allow isolation of 
heat exchanger 1A; (ii) manual valves I-SB-14177 and I-B-14160 allow isolation of heat exchanger 
1B; and (iii) after isolating a heat exchanger, manual valves I-SB-14178, I-SB-14439, I-SB-14169 and 
I-SB-14167 allow connecting heat exchanger 1A with the B header and conversely 1B with the A 
header. 
 
In a similar manner, motor operated valves I-MV-14-3 and I-MV-14-4 align the suction of the three 
CCW pumps to the A and B headers.  A failure mode and effect analysis of these valves indicates 
that all possible failure modes are acceptable. 
 
In light of the acceptability of the failure modes of the air and motor operated valves, and the flexibility 
afforded by the manual valves, additional protection of valve operators in the CCW heat exchanger 
area is not appropriate, i.e., with regard to tornado debris the design is adequate. 
 
As with the ICW motors, the tornado resistance capability of the CCW system was found to be 
enhanced by providing localized protection for the motor and the pump's associated small bore 
piping, i.e., the motor-pump assembly.  The enclosure, which is described in Section 6.15 of this 
Appendix, is compatible with motor ventilation requirements, maintenance requirements, and local 
structures and components. 
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4.3.3  Diesel Generator Building Openings 
   
  The relationship of the Diesel Generator Building with respect to other plant 

structures is provided by Figure 3F-1.  The building is divided internally by a wall 
running east-west thereby forming two separate enclosures.  The compartment to the 
north houses diesel generator set 1A and to the south 1B.  The air intake louvers for 
set 1A are on the north face of the building.  The air intake for 1B on the south face, 
and radiator, exhaust and access openings are on the east and west faces of the 
buildings. 

  
  The Diesel Generator Building walls and roof are reinforced concrete 2 feet and 1 1/2 

feet thick, respectively.  Radiator, access intake and exhaust openings are protected 
by missile shields whose designs accommodate the access requirements of the road 
immediately to the east and west of the building, minimize recirculation of exhaust 
flow, and are compatible with ventilation requirements. 

  
  The radiator protection is reinforced concrete that directs the radiator exhaust 

vertically.  The diesel engine exhaust is directed into the plenum formed by the 
radiator protective structure.  Both engine and radiator exhaust flows are released to 
atmosphere at about roof level (elevation +49').  Drainage at the bottom of the 
plenum is provided. 

  
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3F-12 Am. 7-7/88 



 

 

 The protective structure over the air intakes is of concrete and is so constructed as to 
force intake air to change direction prior to entering the building.  Inlet louvers and steel 
louver protection are provided in this structure. 

  
 A removable steel plate is fitted to each maintenance opening on the east face of the 

building.  Personnel access openings are capable of accommodating tornado winds, thus 
adequate tornadic debris protection is provided. 

  
4.3.4   D. 0. Fuel Storage and Transfer System 
 
 The D. 0. tank area is shown in Figure 3F-1, and Figure 9.5-2 provides the system P & 

ID.  A low concrete wall surrounds the D. 0. tanks, but does not enclose the D. 0. transfer 
pumps (lA & 1B).  Transfer pump 1A is located just outboard of the north face of the low 
concrete wall and 1B just outboard of the south face.  All system valves are manual or 
protected; thus vulnerability of valve operators is not a consideration. 

  
 The D. 0. storage tanks are redundant and sufficiently separated to provide an 

acceptable level of tornado resistance capability.  They are constructed of 0.25" thick 
steel plate.  Based on methodology provided by reference (9), the penetration resistance 
of these tanks has been determined and is provided in table 2 for the design basis type 
missile.  Each tank has considerable inherent capability to resist penetration of these 
missiles.  Accordingly, tornadic debris capability is considered adequate. 

  
 Review of the D. 0. tanks inherent capability indicated that the tornado resistance 

capability of both Unit 1 and Unit 2 would be enhanced by cross connecting the storage 
tanks for both units.  (See section 6.7 of this appendix and section 9.5.4.2).  

  
 The motors for D. 0. transfer pumps 1A and 1B and other vital pump equipment are 

widely separated.  Nonetheless, enhancement of tornadic debris capability results from 
providing local protection for this equipment.  This additional capability is described in 
Section 6.8 and 6.15.2 of this Appendix.  

  
4.3.5  Auxiliary Feedwater System 
 
 A schematic of the Auxiliary Feedwater System is provided by Figure 10.5-2. Two areas 

of the facility contain outdoor components of this system.  The condensate storage tank 
is located just west of the Turbine-Generator Building (see Figure 3F-3), and the auxiliary 
feedwater pumps (A, B, and C) are located under the main steam trestle. (See Figures  
3F-4 and 3F-5 for an aerial showing the location of the steam trestle.) 

  
 The condensate storage tank is protected from horizontal missiles by a 2 foot thick 

reinforced concrete wall.  The top of this tank is not protected from vertical missiles.  
Since the top of the tank is more than 30 feet above grade, 
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 it is not vulnerable to impact from an automobile or utility pole.  It is potentially vulnerable-
to other high trajectory design basis type missiles.  However, only those missiles striking 
within a small solid angle with the vertical (cone like distribution) are potentially of 
concern.  In addition it must be noted that due to the tank's 0.25" thick steel skin, 
velocities must be greater than the values specified in Table 2 for the D. 0. storage tank 
to cause penetration of the tank's top. Penetration of the tank's top alone is 
inconsequential.  The missile must have sufficient energy to penetrate the 0.25" steel top, 
overcome the depth of water therein, and penetrate another 0.25" steel plate.  Thus, due 
to the limited strike angle and the relatively high threshold energy, the probability of 
penetration of the top of this tank resulting in an unacceptable loss of water by design 
basis type missiles is sufficiently small.  The tank top's inherent ability to accommodate 
tornadic debris is adequate. 

 
 The acceptably low probability of strike from certain vertical design basis type missiles 

and the adequate resistance of the tank top to penetration by tornadic debris 
notwithstanding, the impact of vertical missiles has been analyzed.  The study indicated 
that the worst impact case for a missile striking both the tank top and tank sidewall 
occurred at an angle with the vertical of 45 degrees.  For this case the velocities with no 
credit for water required to penetrate the tank top and sidewall are greater than for a 
vertical missile that is capable of piercing the tank top and bottom.  Thus, the vertical 
missile is considered limiting. 

 
 The analysis of the condensate storage tank to accommodate a vertical missile assumed 

14 feet of water within the tank (about 125,000 gallons).  Wooden missiles that penetrate 
the tank top are stopped by the water.  Small steel missiles such as the 1 inch steel rod 
are slowed down by the water.  On the other hand, long design basis type missiles such 
as the 15 foot pipe sections are relatively unaffected by the 14 feet of water.  The results 
of this analysis is provided in Table 5, which indicates that the condensate storage tank 
has substantial capability to accommodate design basis vertical missiles of very low 
strike probability.  The design in this regard has been reaffirmed by this analysis.  It is 
adequate. 

 
 The auxiliary feedwater pump area is located below the main steam and feedwater pipe 

trestle.  This massive structure provides significant missile protection against vertical 
missiles.  In addition the pump area is afforded considerable protection by plant 
structures.  It is tucked under the steam trestle between the Reactor and Turbine 
Buildings.  The Reactor Auxiliary Building lies to the south and the service building to the 
north.  The electric pumps (A and B) are located in a low-walled off area under the 
southern trestle section and the steam pump (C) in a similar area under the northern  
trestle section.  The separation of redundant pumps in conjunction with the excellent 
protection afforded by plant structures provides an acceptable level of protection against 
tornadic debris 
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The valves in the Auxiliary Feedwater System are motor operated.  Thus, tornadic debris 
damage to an operator could conceivably result in a valve assuming other than the 
desired position and/or the inability to change valve position.  Two valves so closed could 
temporally affect the availability of one redundant system.  Because of the protection 
afforded the motor operators by their location in the steam and feedwater trestle area and 
the fact that two valves must fail to affect the availability of one redundant system, 
adequate tornadic debris protection is provided for the system's valve operators. 

  
 4.3.6 Main Steam and Feedwater System 
   
 The main steam and feedwater piping from the containment to the isolation valves is 

located within and supported by the steam and feedwater trestle structure which consists 
of horizontal steel beams and columns.  The safety related components include the 
piping, steam line relief valves and containment isolation valves.  The steel beams of the 
trestle structure protect the piping and valves from horizontal tornado missiles.  The steel 
is generally 1.25 inches thick and no less than 0.75 inches thick.  The main steam and 
feedwater piping is exposed to potential missile impact from the vertical direction.  The 
exposed portions of the piping and valve have a carbon steel wall thickness at least 1.25 
inches thick.  The inherent capability of these components to withstand missile 
penetration has been evaluated using methods given in References 9 and 10.  The 
missile velocities which the components are capable of withstanding without penetration 
are given in Table 3. Protection against tornadic debris is adequate.  See Appendix  
sections 6.11  and 6.12 for further justification.  

  
  4.3.7 Control Room Air Conditioning System 
   
 Figure 9.4-3 provides the control diagrams for the Control Room A/C System.  

The outdoor segments of chiller units HVA-3A, HVA-3B, and HVA-3C are located on the 
roof (elevation 62') of  the Reactor Auxiliary Building just east of the control room area 
structure (see Figure 3F-1).  The chiller design is such that missile protective structures 
could adversely affect chiller performance.  Accordingly loss of chiller function was 
Assumed for this evaluation.  Section 9.4.1.2 discusses the loss of all three chiller units.  
With 93°F outside ambient air temperatures, a maximum control room air temperature of 
125°F is reached 54 minutes after loss of all three chiller units.  Since equipment within 
the control room is designed for 130°F, and habitability is not precluded, loss of all three 
chiller units is acceptable.  It is also noteworthy that the plant can be brought to and 
maintained in the hot safe shutdown condition from outside the control room.  Thus 
protection for tornadic debris is not required. 
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5.0 SUMMARY AND CONCLUSIONS 
  
 The evaluation of the St . Lucie Unit 1 design as licensed for construction under 

CPPR-74 (issued July 1, 1970) for its inherent capability to sustain tornado strikes has 
indicated that: 

  
   a)  Based on meteorological considerations, supported by 85 years of historic data, 

the tornadic risk associated with the intense design basis type tornado is 
considerably less in peninsular Florida than in areas to the north and west. 

  
  
   b)  The use of outdoor separated redundant components results in an acceptably 

low  probability for loss of redundant components concurrent with a tornado 
strike at the site. 

  
 In addition, the review indicated that enhancement of the facility's tornado resistance 

capability can be achieved by providing additional protection from tornadic debris, i.e., a 
spectrum of light miscellaneous objects.  Specifically, this involves the following active 
components and structures: 

  
   a) ICW pumps 
  
  b) CCW pumps 
  
  c) Diesel Generator Building openings 
  
  d) Diesel oil transfer pumps 
  
  e) Interconnecting the Unit 1 and Unit 2 D. 0. storage tanks 
  
  f) Auxiliary Feed Pumps and Interconnecting the Unit 1 and Unit 2 condensate storage 

tanks.  
  

 Protection for tornadic debris in these areas was provided commensurate with the 
Commission's guidance on backfit as provided by 10 CFR 50.109. The design of the 
protection satisfies the following criteria: 

 
   a) The protection shall not provide an additional source of tornadic missiles, i.e., it will  
  accommodate winds associated with the Staff's 360 mph tornado. 
  
  b) The protection will accommodate a seismic event (DBE) without loss of function, or 

its failure will not adversely affect a safety related component or structure. 
  
  c) The protection will be compatible with existing plant structures, maintenance  
  requirements, and component operability requirements. 
  
  d) The protection will be compatible with commercial operation of the facility, i.e.,  
  implementation of these protective features shall have a minimal effect on the  
  availability of this facility. 
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Appendix 3F 
 

TABLE 1 
 

ENHANCED PROTECTION LEVEL CAPABILITY 
 
 Local Shielding Penetration Velocity (fps)(2)  
 

     1' Reinforced 
     Concrete  
                       200 mph Tornado (1)            1' Reinforced  with 1/4" 
                                          Velocity (fps)                  Concrete (3) Steel Spall 
Missile                       Max Avg  Plate 1" Steel  
 
2" x 4" x 10’ 
wooden plank                   180 145 293 449 454 
 
4" x 12" x 12' 
wooden plank                   150 100 262 395 257 
 
1" Solid Steel 
Rod                       110   94 162 234 359 
 
6" Sch 40 x 15' 
Pipe                       100   95 180 262 259 
 
12" Sch 40 x 15' 
Pipe                         96   95 204 299 259 
 
Utility Pole                         95   94 159 230 191 
 
 
(1) See reference (7) for a discussion of missile behavior in a 200 mph tornado. The maximum and average velocities 
(fps) are provided here for comparative purposes. 
 
(2) Reference (8) was used to determine concrete penetration capability and reference (9) for steel. 
 
(3)  No spalling 
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Appendix 3F

TABLE 2

D. O. STORAGE TANK

MISSILE PENETRATION RESISTANCE

Missile               Missile Velocity (fps)

2" x 4" x 10' Plank 161

4" x 12" x 12' Plank 102

1" Steel Rod 136

6" Sch 40 x 15' Pipe   92

12 " Sch 40 x 15' Pipe   92

Utility Pole   68

TABLE 3

MAIN STEAM AND FEEDWATER PIPING

MISSILE PENETRATION RESISTANCE

Missile              Missile Velocity (fps)

2" x 4" x 10' Plank 583

4" x 12" x 12' Plank 362

1" Steel Rod 479

6" Sch 40 x 15' Pipe 333

12" Sch 40 x 15' Pipe 336

Utility Pole 248
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Appendix 3F

TABLE 4

CCW HEAT EXCHANGER

MISSILE PENETRATION RESISTANCE

Missile Missile Velocity (fps)

2" x 4" x 10' Plank 265

4" x 12" x 12' Plank 171

1" Steel Rod 220

6" Sch 40 x 15' Pipe 154

12" Sch 40 x 15' Pipe 154

Utility Pole 114

TABLE 5

CONDENSATE STORAGE TANK (1)

MISSILE PENETRATION RESISTANCE

Missile Missile Velocity (fps)

2" x 4" x 10' Plank 336 (2)

4" x 12" x 12' Plank 336

1" Steel Rod 198

6" Sch 40 x 15' Pipe 130

12" Sch 40 x 15' Pipe 130

(1) Assumes 14 feet of water in tank.
(2) Wooden missiles are stopped by water in tank (see reference 11).
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6.0  ADDITIONAL INFORMATION REQUIRED BY NRC STAFF 
 
In Supplement No. 1 to the St. Lucie Unit 1 Safety Evaluation Report, NRC Staff identified items of 
additional information required for completion of their evaluation of the tornado missile protection 
capability of the plant and documentation of additional requirements that will be implemented 
pursuant to its requirements. 
 
The information is provided in the following sections in response to the items which are listed in Table 
3-3 on page 3-9 of the SER Supplement No. 1. 
 
6.1  ICW PUMPS (SER Table 3-3 Item 1) 
 
The local missile protection provided for the ICW pumps consists of a 1" thick steel housing over 
each pump as shown in Figure 3F-6. 
 
Openings are provided at the bottom of the missile protection housing just above the intake structure 
deck level from elevation 16'-6" to 19'-1". These openings are necessary to ensure proper ventilation 
 air flow for the ICW pump motors. The openings expose only the concrete pump foundations which 
extend up to elevation 19'-1". The pump casing itself is not exposed adjacent to the ventilation  
opening. 
 
6.2  ICW PIPES (SER Table 3-3 Item 3) 
 
The ICW pump discharge piping leaves the pump and turns downward immediately. It runs under the 
intake structure deck, in pipe tunnels and underground until it reaches the heat exchanger areas. The 
piping is 0.375 inches thick and has the capability to resist large missile penetration as shown in 
Table 6. 
 
The exposed piping at the intake structure is separated by 28 feet with two ICW pumps and their 
missile barriers interposed between the redundant piping. 
 
The ICW pump discharge pipes can be isolated by means of protected discharge line cross connect 
valves located in a valve pit below intake structure deck level. Adequate flow can be maintained 
through either redundant loop by one of the three ICW pumps. 
 
6.3  COMPONENT COOLING WATER HEAT EXCHANGER (SER Table 3-3 Item 9.4)  
 
Pursuant to the NRC Staff's request, the capability of the CCW heat exchanger to resist tornado 
missile impactive loadings without unacceptable damage and to maintain function following impact 
has been evaluated with respect to overall impactive effects, response of connected piping, degree of 
local deformation and capability to operate with internal damage. The following sections describe the 
analysis performed, the results obtained and conclusions reached. 
 
It must be noted that the capability to accommodate the large design basis missiles such as the 
automobile and utility pole is not a design basis for 
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this facility. The discussion supra demonstrates that separation provides an acceptable level of
protection. It is fortuitous that these heat exchangers have considerable inherent capability to
accommodate these missiles. This is demonstrated in the paragraphs that follow.

6.3.1 OVERALL IMPACTIVE LOADING

To assess the magnitude of loading to which the heat exchanger and its supports would be subjected
as a result of tornado missile impact an analysis was performed in which the spectrum of missiles
evaluated for penetration effects were postulated to impact the heat exchanger at the maximum
acceptable penetration velocities as given in Table 4. In addition, the impact of a 4000 lb automobile
travelling at 73 fps was evaluated. The velocity of 73 fps was chosen for the automobile since this
velocity was found by NRC to be an acceptable design value for this missile for a recent plant
(Reference 13). Detailed missile studies and tornado analyses have been performed for St. Lucie.
These establish the propriety of selecting various missile velocities. The value of 73 fps is assumed
here for analysis of capability only.

The equivalent static forces resulting from impact of the various missiles at the velocities assumed
were calculated using Reference 12, conservatively assuming no penetration (the velocities are those
that would analytically penetrate) and using the natural period of vibration of the heat exchanger
(0.088 sec). A ductility ratio (µ) of 10 was used although as discussed in Section 6.15 a value of µ=20
could be justifiably used for the materials involved from a purely structural point of view.

The resulting forces and accelerations are shown on Table 9 and compared with the equivalent static
horizontal seismic force and acceleration for which the heat exchanger were designed. As indicated,
the missile impactive loads are less than the DBE seismic design load for which the heat exchanger
and its supports must have been designed to maintain functional integrity. The results strongly
suggest that the impactive loading effects of the missiles will not be the limiting damage mechanism.
The large impactive loadings associated with the large missiles, particularly the automobile, indicate
further analysis is warranted. However, it must be noted that these heat exchangers accommodate 
these types of missiles thru separation and redundancy. The additional studies are discussed below.

6.3.2 SHELL AND PIPING RESPONSE ANALYSIS

The dynamic response of the heat exchanger shell and interconnected ICW and CCW piping was
analyzed using the PLAST computer code to determine resulting stresses and displacements
following missile impact. The PLAST code is an elasto-plastic dynamic analysis method of evaluating
the response of equivalent piping systems to impactive loading. The program has been approved for
use in pipe rupture analysis and is described fully in Section 3.6.4.3.

Figure 3F-11 shows the model used in the analysis. The heat exchanger is modelled as an equivalent
horizontal pipe and is represented by nodes 1 through 9 on Figure 3F-11. Each of the elements of the
heat exchanger
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lbs/in 10 x 45 =          
100

10 x 30 x 1.5
 = 

L

AE
 = K 4

6

(9), (18), (26) and (33) are of length equal to the average shell radius and are selected in order to
determine the stresses at the junction of the nozzles and shell (nodes 2, 3, 7 and 8). The connected
piping is similarly modelled out to the first seismic restraint on each piping run. The physical and
material properties assumed for the heat exchanger were obtained from the manufacturer's data.

A total of six loading cases were considered including both the 4000 lb auto travelling at 73 fps and
the 1500 lb utility pole travelling at its penetration velocity of 114 fps at each of three locations. The
three locations chosen were (refer to Figure 3F-11):

a) Impact at the center of the heat exchanger to its axis (node 5 in the -x direction).

b) Impact at the extreme end of the heat exchanger normal to its axis (node 9 in the -x direction).

c) Impact on the end of the heat exchanger along its axis (node 9 in the z direction).

The cases considered represent the most severe spectrum of modes of impact. The missiles
considered are (due to mass and size) the most limiting missiles for impactive effects. Each missile
was modelled as an elasto-plastic spring using conservative values for equivalent spring constants.

The 4000 lb auto was considered to have 2 stiffening channels of 1.5 square inch total cross-section
and 100 inch in length. Then the elastic spring constant is:

Since energy absorption occurs very early in the bumpers and chassis, a yield displacement of 0.001"
and a strain hardening slope of the plastic region of the bilinear force deflection curve of 0.04 k were
used.

The auto was treated as a uni-axial elasto-plastic strain hardening spring, one end of which was
connected to a node point on the heat exchanger. The auto mass was concentrated at the other end
of the spring. This mass was given an initial velocity of 73 fps towards the heat exchanger and the
system consisting of the piping, heat exchanger and auto was allowed to respond to the resulting
impulse.

The maximum kinetic energy imported by the auto to the system occurs just after the auto velocity
towards the heat exchanger reaches zero and begins to change duration. Peak stresses in the pipes
connecting to the nozzles occur at about this time.

For the utility pole (1.5" in diameter x 35' long weighing 1490 lbs) an equivalent spring was chosen
with the following physical properties;
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lb/in 10 x 6.23 = 
L

EA
 = K 5

E = 1.83 x 106 psi

p = 1830 psi (proportional limit)

Then, the elastic spring constant is:

The slope of the plastic region of the bilinear force-deflection curve is

S = 0.05 K

The wood pole, on impact, releases part of its energy in splinters with 'captured' kinetic energy. This
energy loss is modeled as plastic behavior with an effective yield displacement of 0.415".

The pole was treated as a uni-axial elasto-plastic spring with its mass concentrated at one end as in
the auto impact model and was given an initial velocity of 114 fps towards the heat exchanger.

The resulting stresses and time of occurrence for the most highly stressed locations are given on
Table 10. In all cases the stresses are within yield and less than the ASME III permitted stress of
27,000 psi for emergency loading conditions for Class 2 and 3 components.

The results indicate that the heat exchanger and connected piping are capable of withstanding
substantial impactive loading without loss of integrity and that the dynamic effects of impactive loading
will not be the limiting damage mechanism when compared to penetration effects.

6.3.3 LOCAL DEFORMATION ANALYSIS

Having evaluated the overall support loading conditions and "far field" dynamic response effects of
missile impact and found the results acceptable, the local or "near field" effects were evaluated to
determine the degree of local deformation in the shell in the zone of impact. This analysis was
performed to determine whether rupture of the shell could occur locally and to determine whether the
degree of deformation could result in internal damage to heat exchanger tubing due to shell
impingement. It should be noted that the velocities selected are those that analytically predict
penetration. The discussion that follows demonstrates that the less rigorous approach utilized in the
penetration analysis is conservative.

The case considered involved impact of the 4000 lb automobile at 73 fps normal to the shell at the
center of the heat exchanger, midway between the supports. This missile was considered to be the
most severe with respect to local deformation and the point of impact was chosen since it is the most
critical with respect to tube damage and is the point of impact where greatest local deformation would
occur.
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The analysis was performed using the ANSYS computer program (Reference 14). Triangular plastic
shell elements were used to model the shell and three dimensional plastic isoparametric elements
were used to model the automobile. The geometric models are shown on Figures 3F-12, 3F-13 and
3F-14. An initial velocity of 73 fps was given to the auto and it was allowed to impact upon the heat
exchanger as shown in Figures 3F-13 and 3F-14. The time dependent analysis included the effects of
large deformation and material non-linearities. There were a total of 282 elements and 1083 degrees
of freedom included in the model.

Structural damping was assumed to be 3 percent and appropriate factors were applied to the system
mass and stiffness materials to form the damping matrix for the entire structure.

The analysis was carried out to a time of 0.01 seconds. At this time the missile velocity has been
reduced to 16.5 fps as shown in Figure 3F-15. At this point the velocity gradient is nearly linear and by
extrapolation, a zero velocity condition would be expected at about 0.015 second.

The results at 0.01 seconds indicate that the heat exchanger is still sound from a structural standpoint
even though deformations have occurred in the zone of impact. Figure 3F-16 shows the radial
displacement at various elements in the impact zone vs. time. At 0.01 seconds a maximum
displacement of 4 inches has occurred. At 0.01 seconds the displacement curve is approaching an
asymptotic value and a total maximum displacement of less than 4.5 inches would be expected. This
maximum deflection occurs in the shell directly under the impact zone. This is a local effect which
does out away from the impact zone. The peak generalized strain occurs in element 149 which is
along the.border of the impact zone. At 0.01 seconds the strain in element 149 is 6.2 percent which
compares to an ultimate strain of 22 percent for mild steel. According it is concluded that the shell will
not rupture due to impact.

Some yielding also occurs in the area of the supports. In this region the peak generalized strain at
0.01 seconds is 0.94 percent, well below ultimate of 22 percent. All other areas remain elastic with
stresses well below yield. Although it has been demonstrated that shell rupture will not occur, the
internal tube arrangement is such that impingement of the tube bundle will occur in the impact area.
For a 4.5 inch radial displacement, the maximum number of tubes which could be affected is 38 which
is approximately 2 percent of the total number of tubes (1950).

The tube damage resulting from shell impingement may in many cases be limited to bending or
flattening without rupture due to the ductility of the tubes. Adequate heat transfer capability exists even
if all of the 38 tubes affected by the missile strike are completely blocked. The ability of the heat
exchanger to perform its heat removal function in the present of tube damage was further investigated
and this evaluation is discussed in the following section.

The foregoing analysis also indicates, based on energy absorption considerations, that the heat
exchanger can withstand the 4000 lb automobile at a velocity of 30 fps without tube damage.
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6.3.4 OPERATION WITH DAMAGED TUBES

The following analysis was performed to demonstrate that it is possible to cooldown the plant with a
single, damaged CCW heat exchanger.  It is not intended that this analysis be directly incorporated in
plant procedures.  Post-event operator actions in response to a tornado would be dictated by existing
plant conditions and available equipment.  Specific recovery actions beyond that provided in the plant
Emergency Operating Procedures (EOPs) and the Emergency Plant (i.e., E-Plan), including operation
with one damaged CCW heat exchanger, are typically provided by the Technical Support Center Staff.

In the event of missile impact on the heat exchanger which results in the tube damage, the result
would be outleakage of water from the shell side (CCW System) to the tube side (ICW System) since
there is normally a pressure differential of approximately 35 psi from the CCW side to the ICW side of
the heat exchanger.

Depending on the number of tubes ruptured and the availability of CCW makeup sources, the
intelligence to identify and assess the magnitude of the leak will be provided by CCW surge tank level
and makeup flaw instrumentation.  Emergency CCW makeup water is available from the
demineralized makeup water system and the city water tanks (1,000,000 gallons capacity) via a
normally closed cross-connection from the fire protection system.  (See Figure 9.2-2 for CCW System
P & ID and Figure 9.2-5 for the makeup water system P & ID).  Although these tanks and the fire
pumps are not protected against tornado missiles and are not in the final analysis relied upon for
demonstrating continued functioning of the CCW system following heat exchanger tube damage, a
discussion of their effect on the action to be taken in response to the incident is pertinent.  In addition,
since the tanks and fire pumps are widely separated from the CCW area on site by over 500 feet (see
Figure 1.2-2), there is a high probability that emergency makeup sources will be available following
tornado missile impact at the CCW area since the tornado would have to cross the plant in a narrowly
defined path in order to cause damage in both areas.

The leakage flow rate out of the CCW system in the event of tube damage would be approximately 50
gpm per tube assuming complete tube severance and double ended flow.  The capacity of the
emergency makeup line to the surge tank is approximately 600 gpm.  Therefore, if the makeup source
were available it would be possible to continue to maintain inventory in the CCW system for up to 28
hours with tube damage equivalent to 12 tubes completely ruptured using the water stored onsite. 
This time could be extended indefinitely since additional water would be available if the 12" supply line
from the underground city water supply to the tanks on site remains intact and operable.

In the event of tube damage concurrent with the absence of the normal or emergency makeup, the
operator would be alerted to the occurrence of a CCW anomaly by a low surge tank level alarm in the
affected redundant subsystem (A or B).

Due to the physical separation between redundant heat exchangers and the inherent capability of the
heat exchangers to resist tornadic debris, it would be highly improbable that both heat exchangers
would sustain internal damage as a result of the same event.  (This is demonstrated quantitatively in
Section 3.0 supra.)  However, the capability to maintain the plant in a safe condition with internal heat
exchanger tube damage has been evaluated assuming that only one heat exchanger (the damaged
one) is available following occurrence of the tornado.  The procedure that follows is independent of the
number of tubes damaged.

If the surge tank low level alarm does not clear within a short period, the operator would, from the
control room, isolate the non-essential
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header and stop the pump in the affected heat exchanger loop. The plant is designed such that those
systems and components required to maintain the plant in a safe hot standby condition are not
dependent on CCW system operation, e.g., the diesel generators are cooled by missile protected
closed loop water-forced air heat exchangers; the auxiliary feedwater pumps are cooled from their
own discharge; and control room cooling is provided by air conditioners.

The plant can be maintained at safe hot standby conditions without CCW system operation as long as
there is auxiliary feedwater available in the condensate storage tank to provide for decay-heat removal
and cooldown to 325F. Assuming the Unit 1 condensate storage tank contains the minimum inventory
permitted by plant Technical Specifications, (normally the level is maintained well above the tech spec
limit) at the onset of the tornado incident, the operators will have 4 hours to effect the procedures
required to place the damaged heat exchanger in service. If the condensate storage tank is full or
near full, this time will be as long as 16 hours. The missile protected intertie with the Unit 2
condensate storage tank, when effected (see Section 6.10 herein), will extend these times even
further.

There will be substantial time, therefore to investigate the cause of the CCW anomaly, identify heat
exchanger tube leakage as the cause and place the system in the requisite operating mode which
simply requires balancing of shell and tube side pressures.

As stated previously, the initial consequence of heat exchanger leakage will be a non-clearing surge
tank low level alarm which will prompt the operator to isolate the non-essential header and to secure
the affected pump. Once the pump is shut down, the level will rise again in the affected CCW loop due
to inleakage of intake cooling water until the surge tank level is restored. A high surge tank level will
alert the operator to restoration of level. Restart of the CCW pump will again cause the surge tank
level to drop. A visual inspection of the heat exchanger shell will confirm that missile impact has
occurred. Thus the necessary steps can then be taken to place the heat exchanger in the tornado
contingency mode of operation.

Since, with the CCW pump running, the pressure is normally higher on the CCW side of the heat
exchanger, it is necessary to locally reposition the CCW pump discharge valve (or alternatively the
CCW heat exchanger inlet valve I-SB-14160A or B and the ICW heat exchanger outlet valve TCV-14-
4 A or B) to balance the pressure across the heat exchanger tubing. See Figure 9.2-l. The valves
involved are located below grade.

The system head and flow characteristics have been evaluated for operation in the above described
mode. Figure 3F-17 shows the head in the CCW heat exchanger versus flow for both the shell side
(CCW system) and tube side (ICW system) for various conditions of valve throttling in either system.
The optimum condition for operation in the emergency mode is with the heat exchanger pressure
balanced at about 120 feet head. Under this condition the CCW flow would be approximately 7500
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gpm and the ICW flow approximately 7000 gpm.  These flows are more than adequate for long term
decay heat removal.

To achieve a pressure balance at 120 feet head, the CCW pump discharge valve would be throttled to
between 250 and 300 from the closed position.  The ICW valve is normally in throttling service for
normal operations.  It is placed in a normal operating position.  However, it must be noted that it is not
necessary to operate with pressure balanced precisely at 120 feet.  This is the operating condition at
which the surge tank level would be at its normal level.  The system can operate satisfactorily over a
wide range of CCW system level from a condition with the surge tank full and overflowing to one with
the level considerably below the surge tank.  Once in the operating mode the inertia of the system is
such that rapid changes in CCW level will not occur.  Thus the operation can allow the surge tank
level to hunt between upper and lower limits.

The initial system operation would involve re-positioning the throttle valves to their approximate
positions required to maintain 120 feet head at the heat exchanger.  The CCW pump would then be
re-started and the surge tank level observed by the operator in the control room.  The control room
operator would then direct the local valve operator to increase or decrease valve openings depending
on whether the surge tank level were rising or falling.  This communication can be achieved by direct
visual or voice signal.  Since there is a wide operating range under which decay heat removal can be
assured, such a mode of control is considered entirely adequate for this highly unlikely event.

Once the pressures are balanced or near the balance point, changes in surge tank level will occur
slowly.  The control room operator can also monitor CCW flow through the shutdown heat exchanger.

The ability of the system pumps and valves to operate in the required mode has been evaluated.  The
CCW pump characteristic curve is shown on Figure 3F-18.  With the CCW head balanced at 120 feet,
the pump will be operating very close to the design flow conditions for normal operation.  The ICW
pump characteristic curve is shown on Figure 3F-19 and with 120 feet at the CCW heat exchanger,
the pump flow will be near the post-LOCA design flow conditions.  Thus the pumps will not be
subjected to extreme or unusual flow conditions.

The CCW pump discharge valve is a 20" butterfly valve and the ICW heat exchanger outlet valve
(TCV-14-4 A or B) is a 30" butterfly valve.  These valves are provided by the same manufacturer and
are suitable for throttling service.  The limiting factor for valve throttling application is cavitation which
can occur if the pressure drop and flow across the valve are excessive.  Reference 15 provides a
method for evaluating whether cavitation will occur for a given throttled condition of a butterfly valve. 
The method involves calculation of a cavitation constant which, if less than 1.0, would indicate serious
cavitation.  With the 20" CCW valve throttled to 270, the required approximate closure position, the
calculated cavitation constant is 1.6, well above the point at which serious cavitation can occur.  Thus
the 20" CCW pump discharge valve is suitable for the throttling service envisioned by this procedure. 
The manufacturer's valve characteristic data for the 20" CCW valve is given in Table 11.
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The ICW heat exchanger outlet valve (TCV-14-4 A or B) is normally in throttling or modulating 
service. This valve is a temperature control valve which, during normal operation, automatically 
controls the ICW flow to maintain CCW temperature at a set value. The valve is capable of throttling 
flow over a wide range of conditions without cavitation. The flow and pressure conditions required for 
operation in the mode discussed herein are conditions of operation to which the valve will be 
subjected during normal operation. Preoperational tests have demonstrated that the valve will 
perform adequately for the required throttling service. 
 
Although the maximum number of tubes which could be damaged as a result of missile impact is 
about 2 percent of all tubes, the emergency operating procedure described can be effected 
regardless of the extent of tube damage. As long as pressure balance is achieved, as evidenced by a 
relatively stable surge tank level, adequate flow for decay heat removal can be maintained through 
both CCW and ICW systems. 
 
The effects of prolonged operation with salt water on components of the CCW system has been 
evaluated and it was concluded that, the safety related cooling function of the system will not be 
impaired for the tornado strike recovery period. 
 
It is concluded that the CCW system may be operated in the manner described to accommodate shell 
to tube side leakage resulting from internal damage. 
 
6.3.5  GENERAL CONCLUSIONS 
 
The primary means of protection against unacceptable damage to the CCW heat exchanger function 
due to impact of large missiles has been and remains spatial separation of redundant heat 
exchangers. This by itself reduces the probability of unacceptable damage to the redundant 
components to an acceptably low value. The evaluation given in Section 4.3.2 of this Appendix 
demonstrates the considerable inherent capability of these components to resist tornadic borne 
debris and even medium to large penetrating missiles. Further the foregoing analysis and discussions 
in this Section demonstrates the inherent capability of the heat exchangers to resist the impactive 
effects of the medium to large missiles. Beyond that, it has been further demonstrated that the 
impactive effects of the 4000 lb automobile at 73 fps can be accommodated via emergency 
procedures. Therefore, it is concluded that the analyses discussed supra demonstrate the 
acceptability of the in situ CCW heat exchanger design. 
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6.4 CCW PIPES (SER Table 3-3 Item 5) 
 
The CCW piping is carbon steel 0.375 inches thick and has capability to resist large missile penetration 
as shown in Table 6. 
 
6.5 DIESEL GENERATOR BUILDING AIR INTAKES (SER Table 3-3 Item 9) 
 
All exposed ventilation and radiation air intake and exhaust openings have been backfitted with reinforced 
concrete missile shielding as shown on Figures 3F-7A through 3F-7F.  The concrete missile barriers are a 
minimum of 1 foot thick.  To enhance the penetration resistance of the barrier in accordance with the 
NRC Staff's requirement, a 1/4 inch steel plate has been provided on the inner surfaces of all 1 foot thick 
section of the missile shielding.  Table 1 has been revised to show the missile penetration resistance of 1 
foot thick concrete shielding with the 1/4 inch spall plate.  The values shown are the velocities at which 
the various missiles will just perforate the concrete as calculated by the modified Petry formula 
(Reference 8).  Since the steel plate will prevent spalling no further concrete thickness allowance is 
required to prevent spalling in determining maximum acceptable velocities.  Whereas, those shown for 
concrete alone are based on penetration of 1/2 thickness to accommodate spalling. 
 
6.6 DIESEL GENERATOR BUILDING PERSONNEL ACCESS DOORS  
 (SER Table 3-3 Item 13) 
   
The personnel access doors to the diesel generator building have missile penetration resistance 
equivalent to that of 1 inch thick steel plate. 
 
6.7 DIESEL FUEL OIL TANKS (SER Table 3-3 Item 14) 
 
A missile protected intertie which includes locked closed isolation valves is provided between the Unit 1 
and Unit 2 diesel oil storage tanks. The tie line is installed between the discharge header of the Unit 2 
transfer pumps and the discharge header of the Unit 1 transfer pumps. The Unit 2 tanks are missile 
protected and have a combined capacity of 80,000 gallons.  See Section 9.5.4.2.  
 
The average load for safe shutdown conditions for both Units 1 and 2 is slightly less than 2,000 kw.  The 
diesel generator fuel consumption rate at this load is 2.4 gpm.  Thus Unit 2 tanks are capable of supplying 
the safe shutdown fuel needs of both units (with one diesel generator per unit operating) for 11.6 days. 
 
In addition, as explained in Section 9.5.4.1, a contract is maintained with a fuel oil supply and/or  shipping 
company for normal supply of diesel fuel oil.  This source would be used under storm conditions if 
available.  In the event that the local firms were also affected by the storm other means and sources of 
fuel oil would be arranged for in accordance with plant procedures and the site emergency plan. It is  
extremely unlikely that a single tornado could damage all means of land access to the site.  However, in 
the event there were no bridges open which would permit trucking of fuel onto Hutchinson Island, a barge 
containing an on-board pump and hoses can be chartered from a local fuel oil company to transport 
diesel fuel from the substantial FPL inventory at Port Everglades to the St. Lucie site in about one day. 
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6.8      DIESEL FUEL OIL PUMPS (SER Table 3-3 Item 15) 
 
The diesel oil fuel transfer pumps have been provided with 1 foot thick reinforced concrete missile 
housing as shown on Figure 3F-8.  A 1/4" steel plate is provided on the inside  surfaces of all 1 foot thick 
concrete barriers as required by NRC Staff to enhance missile penetration resistance as discussed in 
Section 6.5 above. 
 
6.9  AUXILIARY FEEDWATER SYSTEM COMPONENTS (SER Table 3-3 Item 16) 
 
In accordance with NRC Staff requirements (see Figure 3F-9), the area containing the auxiliary feedwater 
pumps and associated equipment under the mainsteam and feedwater trestle has been provided with 1" 
thick steel plate missile shielding extending from the trestle horizontal support beams to grade level on 
the north, south and west sides of the trestle. 
 
6.10      CONDENSATE STORAGE TANK (SER Table 3-3 Item 17)  
  
In accordance with NRC Staff requirements, a missile protected intertie which includes locked closed  
isolation valves has been provided between the Unit 1 auxiliary feedwater pump suction line and the Unit 
2 condensate storage tank.  
 
The Unit 2 tank is fully missile protected and has a capacity sufficient to provide the necessary amount of  
feedwater for safe shutdown of both Units 1 and 2.  Unit 1 and Unit 2 requires a minimum of 130,500 and 
154,000 gallons respectively, to achieve RCS cooldown to 325°F at which time decay heat removal can 
be achieved by initiation of the shutdown cooling system. 
 
6.11 MAIN STEAM AND FEEDWATER PIPING TRESTLE  
 (SER Table 3-3 Item 18) 
   
The main steam trestle is a massive steel framed structure consisting of rigid bents composed of 10' deep 
built-up girders supported by 4' deep x 2' wide built-up columns. 
 
Under impactive missile loading, some local overstressing will be experienced but the maximum 
impactive load of approximately 148.5 kips associated with a 4000 lb automobile at 73 fps is not 
controlling with respect to the overall integrity of the structure when compared with the pipe rupture loads 
of the order of 700 kips considered in the design of the trestle.  Therefore the structure will not experience 
loss of function under impactive loading. 
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6.12 EXPOSED MAIN STEAM ISOLATION VALVES  (SER Table 3-3 Item 19) 
 
Pursuant to an NRC Staff request both main steam line isolation valves have been assumed to remain 
open in order to assess the maximum steam line break area that can be tolerated without main steam line 
isolation. 
 
The maximum break area is limited by the rate at which steam can be vented from the secondary system. 
 The steam vent rate is in turn limited by the rate at which heat can be removed from the reactor coolant 
system.  The maximum rate of heat removal from the coolant system depends on the decay heat 
generation rate and the allowable cooldown rate within which reactor coolant inventory and reactivity 
margin can be maintained. 
 
Given the decay heat generation rate and maximum allowable cooldown rate, the steam vent rate vs. 
time can then be determined from reactor trip until cooldown to 300°F at which time heat removal can be 
controlled by means of the shutdown cooling system.  The maximum steam line rupture will be that break 
area through which the mass flow rate at no point in time exceeds the maximum allowable vent rate.  The 
mass flow rate through the break will depend on the secondary system pressure and will vary with time 
and size of break.  The maximum allowable break areas (based on maximum allowable cooldown rate) is 
4.69 in2 (equivalent to the flow area of 6.5 one inch schedule 80 pipes). 
 
The main steam lines have substantial capability to accommodate missile impact.  Branch lines to the 
main steam lines are schedule 80 and also have substantial capability to accommodate missiles (pipe 
wall thickness are provided by Table 7).  There are no exposed branch lines from the containment to the 
turbine building.  The main steam lines enter the turbine building below the turbine deck and are routed 
therein to the area below the turbine standard.  0ne inch instrument lines (sets of three lines) are provided 
at five different and separated locations along the main steam lines within the turbine building.  Each 
instrument line is provided with two isolation valves located close to the main steam lines.  Immediately 
under the high pressure turbine chest there are two steam line drain pots (one on each line), two 1 inch 
lines (one on each line) and two 1- 1/2 inch lines.  These lines are all isolatable from the main steam line 
by manual valves located close to the main steam line.  In addition they are located well within the turbine 
building. 
 
In light of the preceding it may be concluded that even if both main steam isolation valves are assumed to 
remain open, the facility has acceptable capability to accommodate small steam line breaks.  The most 
vulnerable branch line is a one inch instrument line.  A single missile could only strike (if one neglects the 
protection afforded by the turbine building) a set of three lines.  The facility can readily accommodate 
complete severance of 6-1/2 instrument lines.  The inherent capability of the few larger branch lines to 
accommodate missiles is appreciable.  This in conjunction with their location below the high pressure 
turbine chest, well within the turbine building, provides an acceptable level of protection for these lines. 
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6.13 PRIMARY SYSTEM MAKE-UP WATER SUPPLY (SER Table 3-3 Item 20) 
 
To accommodate moderator shrink approximately 24,000 gallons of makeup are required to cooldown 
from hot standby conditions to the shutdown cooling window.  A minimum of about 9000 gallons of 
concentrated boric acid is available from the boric acid makeup tanks (2 tanks - 9975 gallon capacity 
each), which are located within the reactor auxiliary building.  The remaining makeup is normally obtained 
from the refueling water tank, which is not tornado protected.  Accordingly, an additional source of 15,000 
gallons of tornado protected water will be made available.  Three acceptable means of providing this 
water were initially considered, namely, 
 
 1. Provide a manual connection to the holdup tanks (4 - 40,000 gallon tanks), which are 

located within the reactor auxiliary building. 
 
 

2. Provide a connection to the spent fuel pool via the fuel pool cooling and purification 
system. 

 
 
 3. Provide a new storage tank within the reactor auxiliary building. 
 
 
However, according to Section 9.3.4.3.1, a SIT to VCT intertie was provided instead of these options. 
 
Cooldown can be initiated with makeup and reactivity control provided from the boric acid makeup tanks. 
 Additional makeup at maximum allowable cooldown rate would not be required for about an hour after 
commencement of cooldown.  Thus, manual actuation of the additional makeup source is acceptable. 
 
For a description of the installed primary system shrink, make-up system, see Section 9.3.4.3.1. 
 
6.14 PENETRATION CAPABILITY OF PROTECTIVE STRUCTURES (SER Table 3-3 General 
 Item a) 
 
The missile penetration resistance capability of the protective missile shielding is shown on Table 1. 
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 6.15 IMPACTIVE LOADING CAPABILITY OF PROTECTIVE STRUCTURES  
 (SER Table 3-3 General Item b) 
   
 6.15.1 STEEL STRUCTURES 
   
The 1" steel structures provided for protection of the CCW and ICW pumps and Auxiliary Feedwater 
System components are shown on Figures 3F-6, 3F-9 and 3F-10. 
 
The-component cooling water pumps are protected from missile impact by 16' x 9' x 9' high enclosures 
provided around each pump.  The protective enclosure consists of 1" thick steel barrier plate supported 
on a structural steel frame which is composed of W8 beams and columns and 5" structural tee bracing.  
Additional stiffness for the structure is provided by the vertical barrier plates, which are welded to the  
framing members. 
 
The intake cooling water pumps are protected from missile impact by 9' x 9' x 20' high enclosures  
provided around each pump.  Each enclosure is a steel framed box consisting of W8 beams, W14 
columns and 5" structural tee bracing.  A 1" thick steel barrier plate is welded to the frame and provides 
additional stiffness against wind or missile loading.  The barrier plate is extended beyond the frame in 
order to protect the expansion bellows of the intake cooling water piping. 
 
The motor driven auxiliary feedwater pumps are protected from missile impact by (1) the main steam 
trestle (discussed above) and (2) the provision of 1" thick steel barrier plate over the open areas on the 
north, south, and west faces of the, trestle structure. (The east face is protected by the containment 
building).  The barrier plate on each face is supported by a structural steel truss spanning between the 
trestle columns.  The truss framing consists of W33 chord members and W8 diagonal braces.  This area 
is afforded excellent protection by its physical location (see Section 4.3.5 supra).  Accordingly a 
discussion of missile impingement in this area is considered somewhat academic. 
 
Since these structures were intended primarily to prevent tornado borne debris from causing loss of the 
particularly vulnerable active components which they house, they were not specifically designed to resist 
large impactive loading such as would be associated with impact of the larger missiles (utility pole and 
automobile) at high velocities.  The CCW and ICW protective structures rely on separation to insure an 
acceptable level of protection for such large missiles. 
 
To ensure that the structures themselves do not become a source of damage to the protected 
components, the structures were designed to withstand the maximum credible tornado wind (360 mph) 
and design basis earthquake (DBE) loading conditions.  From the viewpoint of overall structural stability 
and member load bearing capacity the 360 mph wind loading is the governing design condition. 
 
In response to the NRC Staff's request, the degree of inherent capability of the design to resist tornado 
missile impactive loading was investigated using the methods of Reference 12 to establish equivalent 
static loadings for various missile impact conditions.  The analytical methods employed 
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are useful in estimating the minimum capability of the structures analyzed.  More rigorous methods would 
demonstrate greater impactive capability.  However, their use is not considered necessary.  Separation 
provides the primary means of protection.  The analysis discussed below demonstrates significant 
inherent impactive capability. 
 
Reference 12 is cited by the NRC Staff as a conservative method of determining equivalent static loads 
for missile impact in Structural Engineering Branch Document (B) (forwarded as enclosure No. 2 to the 
AEC letter to FPL of August 29, 1973).  Reference 12 provides two methods of arriving at equivalent  
static loads; one in which it is assumed that penetration occurs with impact and one in which no 
penetration occurs.  Since the case with no penetration yields more conservative (higher) static loads, 
this method was employed using the following expression for static load: 
 
 
 
 
 
In which: q  = Equivalent static load, lbs 
   m  = Missile mass, slugs 
   v  = missile velocity, feet/second 
   T  = Natural period of structure, seconds 
   μ  =   Ductility 
  
A value of T = 0.1 sec was used for the protective structures.  This is taken to be a reasonable value 
since the natural periods of frame and plate structures of the type involved are typically on the order of 
0.1 sec.  A value of μ = 20 was used as recommended by Reference 11.  A range of μ = 10 to 30 is 
recommended in Reference 12 for moderately ductile structures, and a range of μ = 30 to 100 is 
recommended for very ductile structures.  Based on the materials involved a ductility of 20 is considered 
conservative. 
 
Using the above methods and assumptions the static impact loads for missiles at penetration velocity for 
one inch steel plate and the automobile at 73 fps were calculated.  The equivalent static loads were 
considered as a single concentrated load applied on the center of the exposed height of the structure 
under study.  The capability of the ICW, CCW and auxiliary feedwater areas to accommodate these 
impactive loads are given on Table 8.  As shown the structures have considerable inherent capability to 
resist impactive loading.  The maximum tolerable impactive velocities are greater than the penetration 
velocities for 1 inch steel plate for all missiles except the utility pole.  The tolerable impactive velocities for 
all missiles are greater than the maximum velocities associated with the 200 mph historic Florida tornado. 
 
The values shown on Table 8 for the auxiliary feedwater shield are the maximum tolerable loads and 
velocities for which the principal truss chord members would remain within allowable stresses.  The 
shield structure would not lose its structural integrity at those loadings.  It must be noted that under these 
impactive missile loadings, though, some minor chord members would be overstressed.  However, such 
local overstressing would not result in a loss of protective function or the generation of a secondary 
missile. 
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The simplified static methodology used to evaluate impactive loading provides conservative estimates of 
the maximum tolerable missile velocities.  Should more sophisticated analysis methods be employed 
which account for the actual dynamic loading conditions and energy absorbed by deformation of the 
missiles, the values shown in Table 8 would be increased. 
 
In addition to the steel protective structures described and evaluated above, there is some steel plate 
protective shielding provided for the diesel generation building opening as shown on Figure 3F-7. 
 
The diesel generator building equipment maintenance access openings are protected from missile impact 
by 1" thick steel plate barriers installed in front of each opening.  The barrier plate is stiffened by 5" 
structural tees and is supported in guide channels provided outside each opening. 
 
Under impactive missile loading, flexural yielding of the barrier plate will occur.  However, the channel 
guides will restrain the plate from becoming a secondary missile, and the remaining energy of impact will 
be dissipated by the membrane action of the plate.  Therefore, impactive loading of the steel protective 
plate will not result in damage to the components housed within the diesel generator building. 
 
6.15.2       CONCRETE STRUCTURES 
 
Reinforced concrete missile barriers are provided on the diesel generator building openings and the 
diesel oil transfer pumps as shown on Figures 3F-7 and 3F-8.  The concrete missile barriers are a 
minimum of 1 foot thick.  An impactive analysis of these concrete structures has been performed utilizing 
the spectrum of missiles listed in Table 1 at the velocities which the 1 foot of reinforced concrete is 
capable of withstanding without spalling.  Reference 12 was used to calculate equivalent static loads, 
which were applied as a single concentrated load on the structure.  The load resulting from the utility pole 
at 159 fps is equivalent to that from a 4000 lb automobile at 60 fps.  For these loading conditions, the 
stresses resulting from the missile impact are within allowable ACI-318-63 limits. 
 
As discussed in Section 6.5, pursuant to the request of NRC, a 1/4" spall plate is provided on all 1 foot 
thick barriers to enhance their penetration resistance.  This plate adds to the already sufficient capability 
of the 1 foot concrete barriers to withstand the impactive loading. 
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 Appendix 3F

 TABLE 6

 ICW or CCW PIPING(1)

 MISSILE PENETRATION RESISTANCE

 Missile Missile Velocity (fps)

 2" x 4" x 10' Plank 218

 4" x 12" X 12' Plank 138

 1" Steel Rod 180

 6" Sch 40 x 15' Pipe 124

 12" Sch 40 x 15' Pipe   97

 Utility Pole   66
 
(1) Based on 3/8" pipe thickness with correction made for pipe curvature (30" diameter)

3F-36



Appendix  3F

TABLE 7

MAIN STEAM LINE BRANCH PIPING
 WALL THICKNESS
 ________________________________________________

 Nominal Line        Wall
 Size       Thickness (in)
                               
 1" 0.179

 1 1/2" 0.200

 2 1/2" 0.276

 4" 0.337

 10" 0.593
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 TABLE 8

IMPACTIVE LOADING CAPABILITY
OF PROTECTIVE STRUCTURE

 Maximum Tolerable Velocity (fps)
 Missile ICW Pump CCW Pump Aux F.W.
 Housing Housing Area Shield

 4" x 12" Plank >1000 >1000 >1000

 1" Steel Rod >1000 >1000 >1000

 6" Sch 40 Pipe     995     712    592

 12" Sch 40 Pipe     380     273            226

 Utility Pole     189     134            141

 4000 lb Automobile       69       50             75
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 TABLE 9

 COMPARISON OF EQUIVALENT STATIC
LOADINGS ON CCW HEAT EXCHANGER

 AND ITS SUPPORTS

Kips Acceleration(1)

 DBE Seismic Loading 155.2 0.8g

 Missile Impactive Loading(2)

 2" x 4" Plank - 265 fps 3.74       0.02g

 4" x 12" Plank - 171 fps 17.4       0.09g

 1" Steel Rod - 220 fps 0.89     0.005g

 6" Sch 40 Pipe - 154 fps 22.4       0.11g

 12" Sch 40 Pipe - 154 fps 62.7       0.32g

 Utility Pole - 114 fps 87.0       0.45g

 4000 lb Auto - 73 fps 148.5       0.76g

 Notes:

 (1) Based on heat exchanger flooded weight of 194,000 lbs.

 (2) Except for the automobile, the velocities are those that would result in penetration (as
predicted by conservative analytical techniques).  The value of 73 fps for the auto (there is no
penetration) was arbitrarily selected such that it complies with the staff's guidance for current
facilities.

3F-39



 

 

Appendix 3F 
TABLE 10 

MAXIMUM STRESSES DUE TO MISSILE IMPACTIVE LOADING 
 
Pole: WT. = 1490.0 lbs, VEL = 114 ft/sec 
Car: WT. =   4000.0 lbs, VEL = 73.0 ft/sec 
 
                  Pole                                     Car                 
 
Location and Dir- Location in  Stress Time   Stress  Time 
ection of Impact Pipe Element  (psi) (sec)   (psi)  (sec) 
 
Case I Node 11 1457.5 0.0549   507.2  0.105 
 Node 20 186.9 0.0639   179.6  0.105 
At Node 9 In Node 28 302.8 0.0909   309.4  0.105 
+ Z Direction Node 35 1035.2 0.0819   457.8  0.114 
 
Case II Node 11 14693.5 0.0693   13105.9 0.078 
 Node 20  10242.5 0.114  1206.5  0.168 
At Node 9 in Node 28  20991.1 0.0872  14104.5 0.096 
- X Direction Node 35  16621.4 0.105  22945.8 0.096 
 
Case III Node 11  1226.6 0.105  1051.2  0.159 
 Node 20  806.6 0.123  549.8  0.15 
At Node 5 In Node 28  2226.9 0.141  1281.3  0.177 
- X Direction Node 35  636.5 0.105  763.2  0.141 
 
30" Pipe (Nodes 11,20): 
  O.D. = 30.0" Ro 15.0. I.D. 29.25", Ri - 14.625", Wall Thickness = 0.375" 
  I = 3830.98614 in 4, Z = I/R = 3830.98614/15.0 = 255.399 in3 
 
24"  Pipe (Nodes 28,35) 
  O.D. = 24.0", Ro = 12.0", I.D.23.25" Ri = 11.625", Wall Thickness = 0.375" 
  I = 1943.08 in 4, Z = 1943.08/12.0 = 161.923 in3 
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TABLE 11

CHARACTERISTICS OF CCW SYSTEM BUTTERFLY VALVES

Degrees
Open K (see below)

5 15625

10   3860

15     935

20     337

25     145

30       71.8

35       39.6

40       21.6

45       12.7

50         7.42

55         4.41

60         2.64

65         1.59

70         0.952

75         0.620

80         0.496

85         0.460

90         0.447

Head Loss = (KV2)/(2g)

                                                               V = Fluid Velocity (ft/sec)

                                                               g = 32.2 ft/sec 2
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), Th• 1t"HH in thl prcceH plpa tapeNd lnabe nHd 11ot IMI 
naluatAd, B.r Yir.u• ot a ta?'INd hub, additional thidcnH1 ia 
proYided "'1ich obvlou.sl7 reault1 in low.r prl.Ju.rr 1~rHH• than 
th• attached pipl.n«. 

4. For frpe III hill&da, the loada &re resilt•d t,,. the oont.atn.nt nosll.e 
hub, 

S. For ':')-pt I heed•, the load• are re.t.sted u f'oll-t 
A. W&l and Ton!.on t,,. TM111111ona 
B. Shur and Bend:.ni t,,. t.vo •hear platH locat•d 

7 Ctet apart. 
C, T!>e trunnione U'ill &111UJMd loaded at a point 4 in. outward 

fl"Oll t.h• nued head, 

t, For T7Pt I IHl&da, load cOlllbin&tiona &re u epecit1e• t,,. tbuoo, 
Intol'llllll - datec Decllllber 22, 1971. 
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LOAD DATA 1'0R T'fPE I Pn!ETRATIOO 7198)-1 

AXIAL ~ ~ tQmlQJf. ~ 
)41>,000 lb. - Lb l ,200,000 ID lb S,400,000 inlb l - 191,:lOO 49,2lX>,OCO S,400,IXX> 2 

80,000 28,900,000 47,400,000 ) 
2)1>,<XXl - 28,800,000 5,400,000 4 

~ATER 
19,000 ro,ooo 2,61.C,000 lao,ooo l - 86,COO 5,0l.G,000 1.20,000 2 

A.SES -- ro,coo 2.~.000 1.20,000 ) 

-- 66,000 2,640,000 2,520,000 4 

ll•re 111;&.U! th• above COl:lbln•d pipe rupture and thermal •:q>ansicn load 
lat& vu ebt.ained frCAl the El>Uc~ 11111mo or DecOlllber 22, 1971. 

IEVELOMllT OF ADDITIQIAL ~ATIONS FOR T!'PE I 

Th• eq11at1c.ns d•••loped ln Ntpert S.114 A for head bodJ' etre11H are atil 
lu.rectly applicable to T)'pe l heads. The nonle or hub etr .. a eq.i&Hons are 
lalao atW valid, However, some developnan~ of the load input. tot.he nonle 
equationa ill required, Thia will be pertorned 1n the tolloving, In addition, 
the equatima for CClll?Utinii the lead• and 1Ubaequentl7 th• wld at.tachm nt. 
•t.re111ea for th• trumions vUl 'oe develope~ below, 

l. Nonle L<;w 

Par assumptions at.ated aboTll, th out.tl'lllOllt hubs ot the rlued head 
l"laiat the applied bendllll( lllOllMll1t. (M) a.nd tr.n.nne load (V), 
Ille to sr:-try, each rub l'Hht.e one half of th• bendir.g 
~nt, and elao ona half th• applied trananrH load. Therefore, 
ming th• eqlU.tiona of at.aUca, tie hub loads becOIDlll 

~'here L • 1.2 in, ,...p+fi-} 
vu•t!. +~ 

2L 2 

Uei.ng Mil and V11 above, th• •treas int.•naitiH ln th• nonl• hube can be 
det.emlned Sn a abilar mnner to th• T:1Jle III heads, 

2, '!'Jounnion Lo&da 

l'wr ~8\llll)tions atated 11."°"8 ttie two trunnion& reaitt. th• u1al 
load \f) and t.orsiooel load (Mt), Therefore, th• loada t.ran111dtted 
to th' tl'UM1ons becomt1 

PA• f' 
Pt• _m.._ 

O>z + 8 

'a• 1fi"T+ Fta 

• 
t-T~ 

@!!:.l-~J!-. ~ ,.~ 
The load.a t.nwllit.t.ed t.o ihe t"111111<111 at.~~ Vlllda beo011111 

Vo• Pa 
Ho • IJ'R 

7198)-1 

Since the trumion wall t.llicltn•H 111 greater than the total vald thrtat., 
the wld •I.re•••• will gowrn, Therefore, only they will be nal.1111.ted bdov1 

Vo z. ... 6 - '701Kh(Dl. + D.2) 

r;- - He> 
V1> 'fTC ~--a-

Where I : 11R3t for thin ring D:i. • l"U'E OD + .5b 
o2 • PIPE ID • ,5b 

'!"here tor\ .. 11 1 • 707h {l ~) :t + { ~} J} 
c .. D.i./2 

Th• abow bending and shoar stress are eanbined to for111 a •Maldnlm 
Streu Intansityw (aa outlimd in Nport 5.ll.I. A) and c~d tc the yield 
strengt.h at. operatlng tampant.ure rcr the lowr of head materilll er trur.nicn 
r.iaterial, 

STRESS ~TS Fal TYPE I llEAOO 

The head body st..re11s relllllte are tabulated 1n Table J 'lllill• the nosil• 
streaae11 are 11hOM1 in Table 4. The trunnion veld 11tre11eeu are ehoim belows 

A. MAil! SM (Pl 1111d P2) 

By inspection case ) 1a 11.llliting 

FA• O 

Ft • 47 LOO 000 • • 592,500 
72 + 8 

Fa.. 592, 500 lb 

V0 .. 592,500 lb 
Mo .. u )( ~92,500 - 2,)70,000 ln. lb. 

.,.. :. - 592 500 ,. ll2 PSI 
'""' ,'{O"/T>. x .b25 (20.)l + l6.l>25) SJ. 

I • 11 X • 707 X .1>25 { (20231 )' + {r126?J.) '/-. aJ.04 in.3 

c ... 20,ll - 10,16 
2 

• 
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. 1. S11111mary or P.eport 

• 

As sutctant1ated by the calculations herein, all components 
in this group or penetration assemblies have been demonstra 
ted to comply with the design inrormation supplied. The 
only exception are the rlued heads which are evaluated as 
group us1nr, rour ty~ical heads. This is treated in Report 
!lo. 71983-). 

In ari errort to eva:uate the penetration assemblies as a 
whole, we have consJdered the following major areas or 
concern: 

l. Proc~ss Pipe pressure Carrying integrity. 

2. Pipe rupture integrity 

3. 11-!llows lntegrity 

"· Jet Impingement integrity 

5. Sel:lm1c ear:ib111 tf. 

In evaluating the a~ove we have utilized the allowable 
s~resses rrom USAS 831.7-1969 ror Class II piping ror all 
but raulted conditions where we have used minimum pipe 
7leld at process p1pP. operatlng temperature rrom ASME 
:ection III (1971} due to a lack or adequate guidance rrom 
831.7 

• 

(U)!!:'!E..~;~~--
~ LOUllYIU.I lo &DITllCllT 

~ 
ltlfl'OllT NO. 719S3-3 

z. Pe1'0ws !:'es\·'"'."! Cel,.ull'<'1o:ia 
f •• ~: The i:::e-.: ui >Us ae.::llon la."; derr.onatrate o; 
•~!table corr:p~·atfor., t'-e structural adec;ua:-v c~ the seco:-::!1::-!f 
seal bellows for the dHlp eondldons 1tat< ! ln Paragraph 8 
be:Jo.... rr.11, coniisur11:;:i;: of the tello"'• I; deplcied o:: 
Drawlr.gs 71983 03.1 and 71983 CJ.2 elto:hed. 

B. Dealm Cor..titlona: 

c. 

.o. 

Etessure • t 5 PSIG 

Te:nperature • Z61t •F 
Material • A21,0 TP J16L 

Movemen·ta: 

Axlal E:l.ler.slo:i 
Lateral 

ReterE>~c.-s: 

1. 1.'!::3AS BJ1. ?-1'1.;_1 

It 
E:O~ Cr :les 

z.; In. 
.t t .5 

IZ 
(Ot'C C.•.:h!S 

.5 
! .125 

z. St.ar.dards of l!-.e Expar.aio~ Jolr.t l-'.:inufacb.trers' Aaan. • 
"'Inc. Third Edi::on 196~. 

flellow& Hoop Stress: 'The bellows ho::-p or clr.::u:::!era!'ll!d 
meir.brane stres• Is deterr.:lr.ed by uat· of the Eulow 
Forir.ala ll::>r atralght pipe· suitably r.:od:.\eJ to accoi....,: ror· a 
convoluted :llstrlbu!\o:i oi rr.e:.al. A.a a;:plled ID a l:ellowa i.:.e 
equation takes the follow\ng forr:i: 

lcl+w)'I• Pd -$ ~ __ ... ;.._...--
.. • ~t n, (. 571 ,. _.zw/~ ) 

tll WHERE: Sb • Stress \ t"SI) 
p • 'Deelgn Press-.:re ( PSl~ 
c:I • Bellows Root Ola:::eter (ln. I ., 
t. ·• Bellows Wall Thk-1 Plr (tn.I 
v • Convol"-U:>n Helg::t (In.) 
q • Convolutlo:t P\tch Un .• ) 
r:p • No, Eellows Plies t + 

f 
d 

• 
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E. Meridional Bending Pressure Stress 
The bellows meridional stress (stress tending to crush or 
collapse the convolutions In an axial direction) Is determined 
by the fellowing theoretical formula, with empirical modifica
tions to :orrelate with test data. 

Sn 
Pwz 

• 10 2/J t2 np 

F. Bellows ~1ovement Capacity: The movement capability of a 
bellows :s evaluated on an "equivalent axial movement" per 
convolutbn basis. For the secondary seal bellows, the 
allowable movements have been limited to the following: 

Allo"'1able compressive movement (e comp.) 

• .eS'(Q/2 - t np) 

Allo11<able extentlon movement (eext,) 

• .,.3(Q/2 - t npl 

The allowable for compression Is based primarily on physi
cal llmlt.!.tlon from the geometry. For extension, the limita
tion Is based on empirical data to prevent dimpling of the 
convolution crest and to prevent excessively high stresses 
that would slgnlftcantly reduce cyclic life, 

The axial and late:-a.l movements tabulated In Paragraph B 
a.re converted to equivalent axial movement per convolution by 
the following formulas: (Ref.: Standards of the Expansl.on 
Joint Ma.:iufacturera• Association): 

ex x -• i'i 
Axial Traverse per Conv, 
{ • Is compressive) 

JDy Equivalent Axial Traverse 
8 y • n(L-1') • per Conv, (caused by 

Lateral Movement) 

e • Y.pc • Axial Traverse due to ft-ecompresslon 
pc n ( + Is compressive) 

eext • -ex -ep= + ey • Total Axial Ext. per 
Convolution 

• 
-

• 
@!!'!.• .. !!!!i-
".:r'- •· -

1111tl'01rT NC. 719e J-3 
WHERE: :X •Axial YJovement (In.) 

y • Lateral Movement (In,) 

Xpc • &eco:npresslon (In,) 

D • Conv, Crest Dia,• d+2w (In,) 

n • No, Convolutions 

L • Convoluted Length • n~ - Xpc (in,) 

G, Bellows Spring Rates: The bellows axial spring rate !las 
been proven experimentally to be predlcted by the follcwing 
equation: 

.a 
fx •2n:i:(d+w) E "r/Cu 

WHERE: fx • Bellows axial spring force per convolution (L':>/In.) 
-6 E • Modulus of Elasticity x10 (PS!) • 27.4 

! • l~Ot • Thickness to height ratio. 

Cu • Spring rat'! denominator - an empirical facto:- which 
Is a !unction of convolution pitch, height and dia.:::eter 

np • Number of bellows plies. 

The axial spring rate of the total jolr,t can be expressed as: 

WHERE: 

•kx • 

Fx • fx ex 

ex • 1L 
n 

x • 1 In. 

Therefore by substitution we obtain: 

kx. L 
rl 

(Lb/In,) 

The lateral spring rate can be expressed as: 

k •ll 
y y 

WHERE F • ftQ.a 
y 2L 

e • .....1.£L.. 
y n(L-,:) 

y • l In. 
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Therebre b7 eubatltutlon we obtain: 

• 

ky • .A...Q... 
2L 

kJ • ..1.JL.12! 
2Ln lL -4') 

30 
n (L-.1) 

(t.b•fin.) 

H. Cn;Jlc Lift Determlll1!:19n: It U. beea pro•en .....,,. ..._... 
eln te•lh!C that the CJcftC Ufe of a U-ebeped Hiio•• caa be 
predicted bJ t111e of the lollowlnC formula: 

( , s.,)4 
N:: 4 s.· 

WN'q: ~a t'AIUJUllTEI> Nfll/tll/J£11 Ill" rted'S 

~ • IA1'/111Art ~ S~ IY MttM/1$ 
1419Tcl11U (fSI) 

P. ).& 
~ = (1 4 :6,f '15"t£e./aJ:: nAllEU& STW"SS 

Ml:AHlTEK. (1'$1) 

... 
Sp ="I.!' c:'P/(1t P/11rlh:'h, :Plf£s5JJl!E ~s 

PllRllN£n::.e (P~) 

s.,': s;.+.sp: T?J1111. STrESS MRA1-1E"11!f ("31) 

p I It. s, .. f: /2 U/~ 

L :r !!E.! = Ti/l(l'PESS 7l) HE'l~HT Rll1'10 w _, 
E: 27..tf = 1101>11.us OF' flAS1!~1Y x10 (!'SI) 

e.-= ~,., -~ = En:ter111c- neAv€1l5E" 
ffe Ct)NV()l.tJTlbAJ (1#1.) 

• 

®'IUll YUINS 
_..__.......__ 
-··-

.,._NG. 719e.3-.3 

llJ • CONIJOl.rJ1'11AI 11£"11T (11/.) 

Sc • 17S'DO ,,,., • c.aD ,tlLtowAl&.f' 8ELutll~ 
S?~SS 

S,, • IH06 PSI • #fff1' 1Nt.Oa11t•tC •Etc..ellllt 
.Sfte'$S QH ·~) 

,_ tr #• ~ • E#'.uwE' QI/ti. Ill {111) 

~ t: NoflllE~ OJI' llf'W.S Pl.IE$ 

(J • "-~f: • •T/Clll.I> snrnc ~ l!lllb• 
• ·•1 

~· e c. • fSO i = Eus11c 111w,esc Wk 
coN11Dlt1'r10AJ ('11J·) 

For purpoaes of cyclic llfe determination, the non-cycllc precom
presslve movement tnetalled st the factory la not considered as part 
of the total eq11\valent a.xlal movement per convolution. Therefore, 
we obtain: 

•eye • -•x + e7 

I, RESULTS: 
1. The static capacity evaluation of the various secondary seal 

bellows from both a pressure stress and movement atar.dpol::.t Is 
tabulated In Table 1, page !Q.. The allowable stress has bee:: taken 
from 831, 7 Appendix A, Table A,8 while the allowable bellows 
equivalent axial traverse Is computed per Paragraph F of Llils report. 
For completeness pertlr.ent bellows dimensions have also been In
cluded In the table. 

2, Computation of bellows axial and lateral spring rates are 
Included In Table 2 ·page 11· 

). Computation of bellows cyclic life Iii Included In Table 3 
page ll... Since the 600 cycle design mov·ements ( N1) exceed 7000 
calculated cycles It was unnecessary to calculate the life of the lesser 
condition ( N2), 

• 
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J, f;is-::ussl•rn: As can be easily observed In the results 
presented In Tables 1 and 3, all bellows have more than ade-
quate capacity to meet design objectives, Finally, In summary 
It Is worth mentioning 11 few words relatlve to the formulas 
used In bellows design at Tube Turne. Due to the vast com-
plexity lnvolv~d In a rigorous exacting analytic approach to the 
problem which still must be correlated with test data to be 
use:Ul, we have adopted the procedure of using empirical 
r::oCiflcations lo a somewhat more basic theoretical approach, 
J: hese empirical correlations have been obtained through 
hundreds of tests on ac:Ual produ:tlon bellows. The net result 
Is a procedure with good experimental correlation at a large 
expenditure ol effort. For this reason we have treated this 
lnforrr.atlon In a proprle:ary manner, 
for review In our offices. 

However, It Is avallable 
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AXI.-\.L AND LATER.->,.L BELLOWS SR":IN3 RATES 

• 

• 

Pew a t: .A) r rz. ~"°' ' c L J-x. #,. ,.~ 
NO. (1/'I.) (1#) (IN.) (tM) (11.J.) "' (..,.) (ii') (iJJ/1/'i) 14/11'J.) 

t: l/..r.1<11.tw l1.m1 1.0 I 1s l2.11sl z.1SI 2.ssl 1100 112.'111.,.,.11 410 I 9'0 

6 11;:191-"JI l,1.1.731 1.0 I 15" 

2~ llS".111.a.Jt l/.JZ>I /.o I 16 

27 IJ.1.111 .a!l l/.3751 /.0 I IS" 

13'·J11/'1-21 ·b.S'D1 ,?.Cl / . .5"'1 /2. 

40,IA 21.zsf.~.50 .?.l> l·S1 1.3 

.. us1r.S's-I 710011.?.,3114'.'-'1 4'7C I 960 

J'!.t"S"l.?.~I 1900 ll.1.,.f)J~131 "'9D I II/JO 

2.zS"l z.s.51 1100 I 12.'1IH.9JI 410 I ~'o 

2.so 12..591 Hz~o t'5.t.J IJ7.1JI 1200 I .J4DO 

Z.SD Z.6'1 18~00 17.13 !JtJ >ID" ~O 

41 .,11.~ .0$11/.31511.0 I 'rl I lzz51?.471~o11i.1J111-ul 400 I 'so 
44 '1.941.o.11 1..11.si 1.0 14 r.2.s-lz.41 S'fitJO 11." 11.911 .t/l'O I 'Zo 

TABLE 2 

SEAL BELLOWS CYCLIC I..IFE RESULTS 

PEN I d I t I w I 1 
NO. (1/11.) (11'/.) (1N.) (IN.) 

n .. pt. e,. ~:t ..... ,;;,e I v I 1X··2'·31y::·1'1e I .L' 

/1AJ) c II (IN-) (1N.) t't#) (P.111 s'* I se' I Al I N (,.,, l'l"Jlf) _, ..,J, 

S" 1J.1'i I .0J1 lt.J7s1 /. o I 1S"l2.37.51.?.s.>1-.15JI. 1n>I. 3/JI 1111'0 10 I 81fDl11#0d 1.t>G 

I 
~ 1J.1<tl.csi 11..nsl 1.0 I 1.5"' 

2(. I 15.191. eu-1 lt.1151 1. o I 16 

Z7 I 1J'.t'1 l.tu1 I 1.J75 I 1. o I 15' 

3'·391 n24 .oSol ?.o I ;. s-112. 
.f~'112l.Z~.oso z.o /.S- /.3 

-41 11194 l.AJI I 1.3ZS1 1.0 I 15 

44 I 9. 94 I. AJI I / . .17.S'I /. 0 I 14 

r.dl- .ff.51.1~ '· 3111 tn.n '10 I lllHO 

2.'D 1-.H•I. /JVI. JQJ I 8+f1 1.,0 I 8f:JO 

2.s5 l-.1.f.3l.1,ol..1IJI s7t&I 9D I 440 

2.s<Jl-./9Zl...?.ffl..f.1'l'.V-OI ao f 9#0 

?.~9 l-:1771.VBI. -?ci •01100 , .,,_ 
?.471-.1.0l ./<fB'I . 111116180 ID lil<MC 

.?.41 -1"4 .1471. J// I &90 I ao I 8710 

'l'ABLZ::.: .3 
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3, Ftocess Pl~ Wall Thickness Cileck 
A. ~: The process pipe minimum wall requirements for 
design pressure and temperature as specified on the "Ebasco" 
drawings has been computed per the following equa~on from 
B31.7: 

• I:..Q__ t,.. 
2 csE + .i.P> 

The SE values In the above equation were taken from 831. 7 
J'..ppendlx A, Table AB. The required nominal thickness was 
taken as: 

trJOM • t,,./ .875 

8, Pe~4'r'!'nt:es: 

1. USAS B31.7 - 1969 
2, Ebasco Dwg, No. 8770-6-213 

C, f'.esul\s: 
The results of this evaluation are presented In 'I able 4 below. 
tlote that all process pipe possess sufftclent wall thickness to 
resist Internal pressure. 

• 
@TUii TURNS .. ...._ .................... 

- 1, l:8ftVClfY • 
~ 

Rll:l'OlllT NO. 7195)-3 

FROCESS FIFE REQUIRED WALL THICKNESS 

PcrJ p T 1-wrl :SE Do 
CAL'" /(Cf/] p,T. 

fM t_ 
"'>if" /J(J. (psro) 'f•F) (PSI) 6"·) fol.} (111.) (11.) 

s qst' 5SO "101..1,tB 1n~o ?.375' .:J7" .087 .11~ 

6 ~8( SS'O 11/Dl (,/! 8 l.5'000 ?..375' .()7(, .oB7 .218 

2(, l'IB! ~() IWZTP304 14450 l-37£ . /flZ . Zl9 .344 

27 l735 2~0 /IJIZ,,, 3()4- Uo>e:> 2.315"' ./90 .Zl7 .344 

3t-3'f 248( r.s-o 11112TP36tf /-f 300 &.r.25' .5'40 .6/7 • 711 

~IA 300 3S"() 1'1JIZTP3v4 1n.!"o 10.1.r ./()!' .120 .2!0 

""' 
Joo 3$'0 AJ!ZT/>JOf 15250 ?.31t' .01J3 .6Z7 ./Sf 

44 2-18( l!iO llJl2TPJIJ4 "0)0 /.ot' .()7'1 .otf .21f 

TABLE 4 
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1+. Nozzle ( 8'.111rd Pipe I Stresses Due to Pipe Ruoture: 
A. General: For purposes of analysis, consider the following 
•tree body diagram" of a typical penetration assembly. It wUI 
be assumed that the bellows has little If any effect to this particu
lar problem. 

......,.. Ell1> o~. NIJ. 
tfSSY 

,.,... .. -tt---- "'~ /: 
('ollT· 

'/ESSltL ~ "'l.. Flll~& Nf"llD 

-· L 

In the above M, F, V C.. Mt each represent a combined effect of 
thermal expansion and pipe rupture loading, This Is arrived at 
ty assuming one proce11'! hub :o be undergoing Its normal piping 
flexltlllty thermal exp!lnslon reactions while the other hub Is 
loaded ~ pipe rupture reactions, For conservatism these are 
assume/! additive, For analysis purposes, the following load 
combinations will be considered: 

1, Bending and Lateral ( M, V) 
2, Torsion and Lateral (Mt, V) 
3, Bending and P.xlal (M, F) · 

By Inspection of the loads and dimensions lt becomes obvious 
that the maximum stress Intensity occurs at the end of the pene
tration assembly and Is due to either Case 1 or 2 above, To 
determine the stressu the following formulas will be used: 

CASE I 

fJ;• ¥ 
~. v; 

~RS{ 2 

!:!L (• :z~ 
Ci;., VL/i-

$::z1tvtr ~ r ... 
= "i YM>'' ~ 11/ 

f.rom Inspection ot tt.e above Case 2 can only govern where 
•'1 >!JI, 

@!!!.l..!!!!!L ..... 
- '· llllftRlllY • 

-·~-+-~~~~~~~~~~~~~~-~~~-t~~-

• 

1ttr_,. NO. 719S3-3 

B. References: 
l, USAS BJl.7 - 1969 
2. Ebasco lnrormal memo dated December 22, 1971 

L.J. Sas to w. S, Haberman. 
3. "Formulas for Stress and St!'aln" by R, J. Roark • 

C, Reaults: The results of the above computatlons are presented 
1;-:r.:t;le 5 attached ( p, 17 ) • Note that all atreues are well 
within the allowables also tabulated. These allowal:les are 
based on minlmum yield at process pipe operating te:r.perature 
as speclfted on Ebasco Drawing No, 8770-G-213, The wse 
of pipe yield as an allowable la based on an assur.:ed faulted 
condition and consistent with Section III requlre:?:er.~. ':'~is 

Is Invoked due to lack of deftnlttve allow ables fer E ,3:. 7 
Class II piping under faulted conditions. It should l:e ::c:ec'!, 
however, tha: a 1, SS allowable for Class II piping wou!d l::e 
met In this cue anyway. 

• 
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J~ ~ 
0 0 0 Ii) 

5. Lateral Jet Force Calculation 
Q 0 0 

<41, 0 c:i. 0 
<;) ~ 

0 
A, General: The jet forces for a long\tudlnal break are deter-

...... ,.. 
~ " ~ ,... .... .. '3- mined per the 11 Ebasco 11 spec, as !ollo1'1s: 

~ "' ~ N Ill "' ~ t=j ~ "" Fj • KPA 
....., () c 0 0 g 0 0 

\/! ~ ~ (} t: 
() 

~ ~ WHERE: FJ •Jet Force (Lb,) 

" ~ ~ 
., .... 
~ "I' 0) K • Phase Factor (pg, 9 of spec,) .... ..... ~ -

~~ -i (I 
-~ 

p • Operating pressure (~slg) 

"' g 
~ 

A • Pipe Flow Area (In. ) ... . ,. · . ~ 
~ f' "' ~ 

: Per the "Ebasco" Specification, 

. " Co\ 
~ "' ;.:; 

~· 
0 ~ ~ § 0 ~ § 

Break Length { 1 ) z 2 x l?\pe Dia. { D) 

::: <> a Break Area • A4 "' .. () ~-:, ~-! 
...... <31) r11' ii~ .... ...... .. 

~I Ii) ~ ~ .. ~ Therefore, Break Width (cl • ~2D • A4/J. ....., N' ""' ,, 
'""' 0 0 i 0 ~ 0 0 

~ ....t ~ !· 8 0 g 
~ 'O 0 

UJ ). 't ~ ~- ~ ~ ~ M 
B, References: 

"" 1, Ebasco Speclflcattcn No. FL0-877C, 124 
!.. ..... .,. -e 0- "' ,. ' .... ... 2, Ebasco Dwg, No, 8770-G-21.3 ... 

~~ () (:) () 0 " 0 
~ 8 ~ "' 0 ~ ... ~ e · 1 Ill 

C, ~: The results of this computation using operating 
,,J r-. ·~ <:> ~ 

~ " " ~ ...I pressures and plplr.g dimensions from Ebasco Dwg. No. 
;; ~ ... ~ "' ~ I ~l - ..... "' ID 8770-G-21.3 are presented In Table 6 below • The forces 
..... 

~ ~~ 
0 ~ 0 8 ~ g <( w!ll be used In the subsequent section, 

.... () <l ..... 'I:) & I t< 
" ~ ~ ~ .. ~ "" ',1 

... ... ~ 

tiJ s ~ 0 
~ ~ ~ 

.. 
r;i ~~ 

() El g 
'i] () () ~· "' l"j I 

~ re " <> .... 
::~ <:> ~ " ... ~ ,, --,:;; ,_ N 

...... N 

.... -.l ~ 
...I t.... t ~ "' "' Cl() 

'Jl ~ ~ ~ 

~ ~ ~ t " ~ c:i 
..... .,. ...... 

~ ....., V) 

"" 
0-- .., \_, N 

...I f\!'~ ~ ~ t ~ ~ ~ "' ao -.::; 
:; 't 'f:. "" t::-.... 
'j ...... 

~ a i2 ,,.. 
~ 0 

& z "iJ ~ ... () ~ 

' "' c:. ;:::. - .... " -..:. 
,,... 

~ ~ ~ ~ g tl \,. \A 
'"13~ <i ... 

~ 
... 

~ 
-. .. 

~ '::! ~ ~ ~ 
... 
"' 

&~ ~ ~ " 
0- ~ "'.§ "' ~ 

... 
~ .... 

~ ~' "" ~ 
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2, The second area of concern le the hoop streH 
caused In the nozzle or guard pipe due to the jet 
force striking a finite area. The area ls developed 
as follows consistent with the "Ebll.Sco" spec: 

1-ac .. _..--r 
TJ,,/z. 

1o•rvP. 

Jo.c...I,.. 
D.h, 

DI--'•___,, •. 
T'VP 

1--- L --f 

C,,, a C + 2 TAAi 10° (1:iel/% - ~/z) 

: c -t- {1>.1- Do) '""' 10• 

l11 = J... + (A,- D.) TRN 10° 

~: C11 I..,.; 

, -= [G + (o,..-b.) 71MJ ,t:;J f L1-(A·l>.) 1#110•] 

P= £.. 
~ 

V't:: ~•t) 
;l-i; 

WHERE: ON • Nozzle I.D. (In,) 

0 0 • Pr:icess Plp11 (O.D.) 
t • Nozzle Thickness (In,) 
Fj • Jet Force (Lb.) 
c • Slot Width (In.) 

L •Slot Length (In.) 

• • 
r.:i:)YUll MlNS 
~...._.,._.._.......,... .-··-

ltlll'OllT NO. 71SS.3-3 

B. References: 
1, Ebasco Spec, No, FL0-6770.124 
2, "Formulas for Stress and Strain• by R, J. Roark. 
.3. USAS 831.7-1969 

C. Results: The tabulated results of the above computa.tior.s are 
presented In Tables 7 and 6 attached (pages 23 11.r.d 2;.). 
This condition has been assumed as faulted therel::y just!=>1r.g 
a speclaed minimum yield allowable stress, See Parag:-aph 
4C for discussion on use of this allowable. 
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7, li!net~atlon Seismic Anahsls 
A, ~: Consider the following free body diagram of a 

ty;>lcal Type III penetration less the bellows: 

L11 

B ortt 
UY .. 

L, 

Wal 

• 
(,~r 

VESSEL 

L CONT NOPfl..C 
( Gr.t...,A'l> Pl~) 
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~~ 

'io .. ~ 
The general bending monent equation can be written as follows: 

Har= !;. x+ "1r "'~ 
,. 

.,H€'RE: F;. • Fp H='s +Fe_ + ~ - G) 

l1r.., Hp-"18 -F;.L, ·.ta/..• - (&) 

F, = V.8. £ P1P1A16 1.fJllJD ~ T11ERMA1. E'IP LMD (t8. 

Mfl' •• .. .. 611.u . 

F. ~ 
c = Ta, r WCl.i> (ND SE"IS/1/1/C. iMD (lB;) 

F.. = Ta. .. Flf/£D /llil9/) 5~IS/.lllC J..c4'i) (1.8.) 

fS z 8FllbWS END ~ACrlfuJ (1.B.) 

#a= 
.. 

(111. 1.s.) 

W,, = ~ 
1

a. • ('oAJf. AID 'I-lie .J£ASMIC. IOI}/) ('8)41. 

• 
Report No. 7198.3-.3 p. 26 of .34 

We. = llJEt.l> E~D """ r. ( t.B) 

w',, = f:L. HT>. wt.T Ct.a) 

W., = PO?lU ?1J't 4161"/wir ~TN (JS/,.,.) 

a. = Acc~1in.J (FT,/st.-:C."') 

q:: ~KAt11Tt9iil'11H. uAJl?:Wi ( n/SEG ") 

• 
114.;

s-A.'\ 12 

7ilE #Al'//'1.IH 8t?VJ)nl~ -4f1Nt:N7' lllMvt.'l> OCC<Jll! ;#"T 

')!-= x, 
~Ftll(.e; M/e #19t1E' 

M' z 
If,,~ :r f;. 4 + #; ,&.. 7t 4 L, -@ 

'7)11$ M"llt..'i> ;Je /I .sr.eA/6:#T FM!M4,ei) St:JtuntJ,J EKLPT 
?'»'€ ,/Je/.L6'WS EN!> .l!eAC;?cAJS '9..t'.!= A FCIAICfi&,) cF 
?#c ,/)ISJ't:Ac.E,11£?NTS IMPtJScj). l"NSd)( .. ?e, /Ne feu..u.dJJ( 

8et.t.tJI()~ F.e.e-£ :ilooy .2)1llt:A!AH. "91/[) i!esVG71AJ6 i'(;!fiflt1 . 

OF ~elJCTltJJJS AND 1J1.SPu4c<Hl:IJ~ : 

~EAL i Ju~ 
'JLD6-z_~ 

-;::~-~ :ti ) "'• 
FB 

'4-9 

'+(& 

r::- _ Ws ,!!. _ 3 {.,J> t {,'If 8L) _ /'!"\ 
rs - z 3- z L~ "a t 2. ~ 

,,. 
iA - 0/al E:. _ Jf,,Di {t.1 + 2§) ~ 
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Wiit/!€: Wa: ae:c.\ewS w&r (LS) 

h' 8£&.UwC ~lltl. $Ple.J~~ Vl'r (Ll/111/0AJV•) 

'j) • 8E;U.IW$ C,Ufi.T 'J)1llHF:1'EI! (111 ) 

l> = 0:-t.LOW (AMI. (J1rcH (,.., ·) 

,_: BELUwS Cot11J0ttJTt:-O Le!#JITH (1u.) 

Q•-= BelLAIJS eAJJ) 'bEFt. (1u-) 

9 = 8E',U.DtJ' &i b ez,;,, 1111.J ( tl'lf).) 

,,. ~/$ /fYAJr Ne" "1HI£ .sv/J$'»7'lJ?'e!) "Ill? Pl/1.t! 1J,:
v~KN01t.1AJs ('Ji"' M,) ,q,e 11 .re<11110 se; fj11 "'- (9 ). 
7'JJEtteFt?~, r.eumous iJE1"'w£8J #a ""(} AtN/J lt-.1 H1i WAI 
A~= ,&..~w,e~ • 7h'esE HE : 

9=-
r L a. • .a 
rr " Mrla1 !Mi a. L~ 
2iiI' - ET - 123 r: I 

I 3 \.. I 4 
Fr W #r/N w .... ¢ I.,, 
.J r:r r 2EI .,. iijTI' -~ 

- ({) 

{111 = 

de= d" "L1B - @ 

SV,t:'FfC16J7 ctf)vltT!tJNS 1-Mt/c ~I() BEN /)€(1~/:E/) 
7Z> /K#/Et1t: "" SdLvTNAI. SEUE"el9t. ,111Er;1.1:.os- ,,;Re 
l'?t/19/UJ!Lcj ~~~ 7'/c t:WF ~ BE t;.r£i:J NC.('$ 
Nll.t,, /JE ,If/,/ /7C~ATWE' /4.f'Rd/90/. A.J AJl.uAl.S 

/. ,,,~.. - ,... ~ .!!.. Lil Wo~ a. 
, ,., ....,,(}Ht:; l"a. : 2.. U rtS ::- -;;;; "'!-

/. C/,14AJre I), AuTJ MT t er;. ~ f' CD) 

.J. vsm~ 2 c~~11Urt5' (/a A#l> eJ (eq. <P,@,f)) 

""· 11!1JJG .a tiMltJrc JS ANb Ha (£~ @, ©) 

• • 
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I. Rt:Pc4r 2 7N.ev .S"' avn~ C~All/~t:e:,,.K.E' JS 

/19CN1t:Vl?-/) 

Ar 7'»/S AJ/Alr SllrfiC/t::A/r /V~Ml'IT/dv IS "'44/ 
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CIM/.JtJn: /';t/C ctPt1/vA1e:-11T l'l»At.. 'J"Zl'J!/ER.!C: p.?,e 
CJPvo.(.vr16 AJ RY 7llt= F()1..c.11w1AJt; ~~11ve.n : 

e = 'Qi ( 8 +- 3t•) +- W,. La. 
'- 3.(,, D} 

B· ;!2Ree-Nc~: 

J. R.eHJus Foe Sf',('c~ AJlu S~l9/1J " h' Ji>.J. KM.Ct: 

J. EllASt'o fl.IF°-ot:H"''- he-Mo ,M;-C-!J a~t't.:111111,::e. 111 ,,71 
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C. Sample C11lculatlon: For the purpose of Illustrating the 

seismic capabl!lty of a complete penetration, f!j6 wlll be used 
u an example. First consider the head with app:led piping 
reactions: 

~,..,,.... FllJE1J HEIJO 

°ltH .. v~ Vue+ v,,, 
~,.$( · ~) Mos11 + IArH. 

On the basis of the a.bove, there would be no shear trans
r.iltted to the containment nozzle through the head, Therefore, 
for conser-ratlsm the shear on the le-H-. side wlll be neglected. 
Hence we have: 

F,. • VosE + V"' : '1000 +7000 = llJDf!Jt> 1.8, 

M,. • Z (Mou+- Mr,,)= Z(zooooo lf/2.)rtooooo AitL8 

To solve the problem the following additional Input Is needed, 

w,, = soo tB 

d,, • '",. 
t., • l.218" 

) ... w., I .C '3fil = / 1,Lf!l./ttJ 

I. tSf&. 111
4 

~ • lie zr !'14. > ,,.,.s 

J, .. 20 ,,,., ) . w. = .S:.;. llJ<#./ :r .tfJ.3 1.8 • • c 12. t,:: ·SOO 

L8 • 8.75111. 

Le :: '·1S /No 

L, II 11a."' 
4 .. I., .,. 'I = 11'1.1' /No 

D: 23.ZS" 1AI. J 
j:: 1.S-11.J. 

f., = 2 1t 7100 :: Ii/ZOO 11J/fl/.j~ 

Wo • 110 LB 

BIFLUWS 
J>llTll 

L "' IS:'" t#J 

a.= 1T<J.;;;~ >" +? a.w11r. > i 

= 1((2~-v +(..Jg)'" 

: 3.'13- F%Ec:."" 

Fi..: :u,1we. =3.M,,.,tf3.3 ,, 1s,1.s 

f;, r 3.6/ W,,:: 3.,/ >e S'OO.: /BIO I.II 

At this point we are ready to begin the lteratlve part of the 
solutlor._ 

/Jr n>Y 

/. 1.ET I;"' 20() 1.8 

11a : SZI '"" 1.8 

z. F,. = fi. + Fc. /. r; +Fe 

} 
<011s1oet:s (/• •B .. o 
'" eq @ ""0 

=- /8«>0 +15{, f'/$10 f-ZOO = zozoo ~6 

Mr = Mp - F.. Le. - 11~ - fi La 
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(js s. 3"1,0 1-(-. OOS'S'l"/>rf-1d o:: • .J"f78 IN 

s. /HI$ APP~~es '?'1' 81! CHJ$C ENbU~H 

F,.::1 18800 ii! 

Mr : B ll OIJO ,., LS 

Sr•, ()tJS'SI i'A'/) 

!e. ::: . 348 '"' 

8EAJ'b11J6 5i~ESS 

Ma.,
3

::: F;. l, +µr + ~· 4 L,,,.... 
/(,)f,1.&/ .. 

::: 1IP00"110.-f + 821()()() • --:z- >tlltJ·f 

::: 3, ZS"O, oOO 1AJ •. LB. 

r- M..,, .J Z £0. 1>()0 
v., : -s:"' = ' ' = 111()() PSI .... - ,,,,,,,. G" 

1-S"~,. = .ZZS-00 PH (Fltllll B-'l· 1 F'@~ '"II') 

BELLOl.'\t.S' E:fVf/111. llX1IOL. MOtJEIAE'AIT 

e .. :u.zr,,,1.5' (-.oD>Slf ]Y. H')#-l/OKtr-43JtJ.'1 
l'S:&J /S:&,J, J>tl.fUJOJfZJ·ZS' 

= . 13( +. ()()' = . 1-11- w.jcoul/. 

e .. yc =. "''' Pl!tJi>tJe.es A/> 70tJO <:.ye.u:s 

7#€ 1"18tJtJI: CAl.WlA-r€/) I/Al.tic IS wEU. 

8£/.(J()} rH.t: C.YGLIC VALVE uscl> /A) ;>!~ 
J.IFc CALCt/J.A71Pl\JS. ?h'B'EFM"e:; 711€ 
ORt&Al/11. VALVES "4£€ cSSc4J 7"/Al..t.. y 
,/vsr1F1€b 19S CtJ#SE1!"11A7/vE 

• .. _ 
f'itl!!!.'..~-
9-'· -

RCl'Oln'-. 719BJ-J 

D. Discussion: As can be observed in tho sample calculation atove, 
the resultant bending stress in t.he penetration is quite lov it 
eompari!on to alloi.able s. Likewise, the belloi.'ll equiv a.lent axial 
mover.ient per convolution is low bee Section 2). Therefore, ti'.e 
penetration aasew:cy- is trell able t.o 5upport tl:e seis::ic lo.id use 
as defined by "Ebasco". Furthermore. sl.r.ce the stNsses rrodi.;ced. 
by pipe rupture case are low for all poin<tratior.s (see ~.i.ble 5 J ..: • .! 
cohsidering pipe rt.pture loads exceod the seis:r.ic loai!s, it wo:W..:i 
not appear that. furt.her seisr.iic calculations are necessary. :.o.,,_ 
ever, ir. the interest of conservatisn scilar calculatior.s were 
made on Penetratior.s 5 a.nd 40. 'rhe results as expect~.! wr~ quite 
lov. Those as well ae .those fro:n the s11.1ple calculation (F36) are 
presented in the table below: 

Pt!;_ Ob 1.5 Sb _e_ !Sl'.S.t. 
5 9610 PSI 2::?500 PSI .074 :L\ • • :;c,3 ..... 
36 16700 !'SI 22500 PSl .142 n;, .4)6 il. 
40 8020 PSI 22500 PS! .052 :il., ,455 11. 

Therefor&, on t.he basis of the above results which es~entia.lfy 
cover Ua complete size range of penetrations as well as rei:reser.t 
the higl'est. loaded ones, it is now safe to conclude that all o: 
Type Ill penetrations a.re suitable !or the seisr..ic C:esign lo:lds 
defined by "Eba.sco'. 

• 



• 
APPENDIX 3G3 

REPORT NO. 71983-4 

• 

• 3G-26 



\.>) 

'P 
N 
...... 

!·1'6 

• 
~!!!· .. ~-__,,,_ 

REPORT NO. 71~83-4 

DESIGN CALCULATIONS 
FOR 

FLORIDA PCWER & LIGHT COMPANY 
ST. LUCIE PLANT 

(FOP.MEP.LY HUTCHINSON ISLAND) 

TYPE I COllTAiflMEtlT PIPING PENETRATION ASSEMBLIES 
P.O. NO. NY-422264 

Ine!u':l~d are: 

P~r.etrat1on !lo. 1, Main Steam (SG-lA), I-34MS-2B 
P~r,~tratlon No. 2, Main Steam (SG-18), I-34MS-29 
P~~.':~ratlon !lo. 3, Feedwater, (SG-iA), I-208F-14 
P~netratjon No. 4, Feedwater, (SG-18), I-20BF-19 

Prepa~d by: ~/UM~ 
lLw. a erman 

Date: .J..I. Al'l. lf."IJ. , 
Bellcws Engineering 

?.;.r-r-:ived by:/Jrl· (/, "/1/,,..tf_ ..... _,, 
M. ;t. il!a!kmus 

Date: 7/''¢3 
Manager, Bellows Engineering 

• • 
f-166 

~'l'Ull IUINS 
_______ ._....... - .. -

TABLE OF CONTENTS 

1. Summary or Report 

2. Bellows Calculations 

3, Process Plpe Wall thickness Check 

4. Nozzle Stresses Due to Pipe Rupture Loads 

5. Lateral Jet Force Calculation 

6. Guard Pipe Stresses Due to Jet Impingement 

7. Penetration Seismic Analysis 

B. Penetration Assembly Drawing 



w 
(j) 
I 

N 
CD 

t-116 
lffl!!!'-~-
9-.. -

1. SIJll'.mary or Report 

• 

A: sutstant1ated by the calculations herein, all major 
components have been demonstrated to comply with the 
d~s1gn 1nrormat1on supplied. The only exception are the 
rlu~1 hea1s which are discussed in Reports 71983-1 and 
71?8J-6. 

t-116 
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2. Bellows Design Calculations 

A. ~ The intent or this section is to demonstrate 
by suitable C)mputation, the structural adequacy or the 
primary and secondary bellows ror the design conditions 
stated in paragraph B below. The conrigurations or the 
bellows are depicted on Drawings 71983-Dl.l, Cl.2, and 
Cl.3, attached. 

B. ~sign Ccnditlons: 

(1) Primary Bellows 

Condition 11(600 Cycles) 

Axial Movement J.68" comp. 
l.4J ext. 

Horizontal Movement t 1.78" 
Vertical Movement t 1.5• 
Material - A 240 TP 316L 
Pressure - 44 PSIG 
Temperature - ~G4°F 
Factory Precompression - 3/4" 

(2) Secondary Bellows 

Condition 11 ( 600 Cycles) 

Axial movement t1.43" 
Horizontal movement±1.78H 
Vertical movement ±1.5" 
Material - A 240 TP 316L 
Pressure - ± 5 PSI 
Temperatu~e - 264°F 
Factory Precompression - 2-3/8" 

C. References: 
l. UsAs B3l. 7-1969 

12(7000 Cycles' 

.5" 

t .2'' 

'2(700C C\'Cles 

.5" 
± .2n 

2. Standards of the Expansion loint Manufacturers' Assn;, 
Inc. Third Edition 1969. 

D. Bell•)Ws Hoop Stress: The bellows hoop or circumrerent1al 
membrane stress ls determined by.use of the Barlo• 
form~la for S:raight pipe suitably modified to acc~unt 
tor a convolu~ed distribution o~ metal. As applied to a 
bellows the equation takes the ;ollow1ng form: 

?cl (~) .,, 

S~ = Ztn;. ( S7f 'f" 1"''°1) 

• 
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• :::tress (P:::r: 
• Oe~lgn Pressure (PSIG) 
•Bellows Root Diameter (in.) 
• Bellows Wal: Thk-1 Ply (in.) 
•Convolution Height (1n.) 
• Convolution Pitch (in.) 
• !lo. Bellows Plies 

~~eridional Bendinv l'ressure Stress 
'.r.<: :..<:llc,;c m:riolonal stress (stress tending to crush o 
cc..11;;~:::".: t~"' convolutton:i in an axial directlor) is 
d".:ter!'.:lr.ed by the following theoretical formula, with 
empirical nod1ficatlons to correlate with test data. 

• Pw2 

10 273 t'-' np srn 

&: llows :i:0verr.<:nt Ca:iacity: The movement capabl 11 ty of a 
Eellows Is evaluate:i on an "equivalent axial movement" 
per convolution basls. For the secondary seal bellows, 
the allowaLle movements have been limited to the 
following: 

Allowable c~mpressive movement ce comp,) 

.85 (Q/2 - t np) 

Allowable extention novement (e ext.) 

• .45 (q/2 - t np) 

7he allowable for compression is based primarily on 
~hy:lcal limitation from the geometry. For extension, 
tt.<: 111'.'litation is ba~ed on empirical data to prevent 
cimpl~ng cf the convolution crest and to prevent 
exc".::31v<:ly high stresses that would signiflcaitly 
reduce cyclic Ji fe. 

7he axial and lateral movements tabulated ln Paragraph 
B ar" converted to equivalent axial movement per 
convalut1or by the folllwing formulas: (Ref: Standards 
of the Ex•anslon Joint Manufacturers' Assoclatlon): 

• 
t-T66 

WHERE: 

e 
x 

ey 

epc 

x 
·2n ,. 

lu'l!!!,• .. ~!!L-\!!J_..., t, lllMl'llCll\f 

• 

Axial Traverse per Conv. 
( + is compressive) 

eKDt 
2n L-C-x/2) 

• Equivalent Axial Traverse 
per Conv. (caused by Lateral 
Movement) 

-~ • Axial Traverse due to Precom~ression 
(+ is compressive) 

• 

eext • - ex - epc + ey • Total Axial Ext. ~er Ccr.vc:~:~~ 

ecomp. • ex + epc + ey 

x 
y 

x 
PC 

0 

• Total axial compression per convolution 

• Axial movement (in.) 
• ~ateral movement (in.) 
• Precompression (in.) 

• ~onvolution crest dia. (in.) 
• d + 2w 

n • ~umber of convolutions in one bellows ele~ent 
L • Jverall bellows length 
2C • 2nq 
K • Lateral orfset constant from EJ~'.A Standards 

based on L/2C ratio 

G. Bellows Spring Rates: The bellows axial spr!r.~ rate 
has been proven experimentally to be predicted t~ tte 
following equation: 

WHERE:f • x 
E • 

T • 

fx • 2 n (d + w) E 'r3/c:.i 
p 

Bellows axial spring force per convolutio!'.(L!'/I:-.. ) 

Modulus of Elasticity xlo-6 (PSI) • 27.4 
lOOt 
W--- • 1~1ckness to height ratio 

Cu • Spring rate denominator - an empirical factor which 
is a function of convolution pitch, hei~h: a~d 
diameter. 

n • Number of bellows plies. 
p 

The axial spring rate of tP,e tot'.ll joint can b~ expressed as: 
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k 
'Fx . T x 

WHE.P.E: Fx • rx e x 
e • x 

x n 
x • l 1n. 

'n1erefore t.y substitution "e obtdn: 

kx • fx 
7ri (Lb/In.) 

The lateral spr1ne rate can be expressed as: 

Icy -~ 
y 

WH:Sf:E: ry . rx:i ey 

2L 

~ 

-~ ·y 
n .L - CT 

1 • 1 1n. 

7herefcre bY s~bst1tut1on we obtain: 

ky • fx D K D 7"r. ~) 

• K rx o2 (LB./IN.) ky 
liLn(L - CJ 

:!. Cyclic Life !Jelermlnation: It has been proven through 
extensive testing that the cyclic life of a U-shaped 
bellows can be predicted by use of the following 
forr.tula: 

ll •1!(6f,:·t 

t•TM 

• • 

riil!!!.~~!!!-
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WHERE: N • Calculated Number of Cycles 

Su • Ultimate Tensile Strength of Bellows ~aterial 
(PSI) 

S
0 

• (1 + p/np p 1 )
2 

675fEe./llJ 

f • I )" Sp • 4. 5"~ p T ~~ (I+ P/""'' 
s

0
' • S. + s,. s 7ilw/ Sir us ff,,,.,..& lcr (psi) 

p I e .s. 't /z i.cJe. 

""' IDO~ - • 1 • 1· ' • -;;:;- = iil.c.lr.ttu ..4 "'-':Jll ,..r1• 
E • 21.4 ... 1-Ao,,/.,/o1s o I El•s /.1i:.:fy ~10-' (Psi) 

<!, • ec1c - ~Y.J ::: Elfccl,;,t fn.vtnc per ~cAt1t1!..I,.".. (ilf.) 

w • Convolution Height (in.) 

Sc• 17 1 500 PSI •Cold Allowable Bellows Stress 

SH • 16.l!-O PSI • Hot Allowable Bellows S!ress (25~°F) 

'We • W - f/3 • Effective Conv. Ht. (In.) 

n • Number cf Bellows Plies 
p 

Q • Sc + SH • Hot/Cold Stress Range Patio 
~-.97 

e. • We 2 • Elastic Traverse per Convolution (in.) 
""' 1f51lT 

For purposes of cyclic life determination, the non-cyclic 
precompress1ve movement installed at the factory ls r.ct 
considered as part of the total equivalent axial ~ove~en~ 
per convolution. Therefore. we obtain: 

e •(e +e) eye x y max. 

• 
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P.esults: 

l. The pertinent bellows static pressure stresses are 
presented 1n Table 1. page to. The allowable stresses 
have teen taken from B31.7 Appendix A. Table A.8. 

2. The bellows movement capacity evaluation is shown in 
Tab le 2 page II • The allowable equivalent axial tra-
verse per convolution is computed per paragraph F of 
this report. 

3. Computation of axial and lateral spring rates are inclu 
ded in 'Iatle 3, page 12. 

II, Co~putat1on of bellows cyclic life is presented in Tablr 
11, pa11;e I 3, tor the 600 cycle cond1t ion. It is obvious 
that similar cor.iputations for the 7000 cycle condition 
would produce results for in excess of 7000 cycleo for 
all bellows. 
these herein. 

There fore• 1t is redundant to reproduce 
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IHl'OllT-. 3. Process Pi2e Wall Thickness Check 

A. General: The process pipe minimum wall requirements f;r 
design pressure and temperature as specified on the "Et-as~.:-·· 
drawings has been computed per the following equation frc~ 
B3l. 7: 

tm • PD 
2 (SE t .4P) 

The sE values in the above equation were taken tron B31.7 
Appendix A, Table AB. The requried nominal thickness was 
taken as: 

tNOM • trr(. 675 (For SMLS Pipe) 

B. References: 
l. USAs 831.7 - 1969 
2. Ebasco Drawing No. 6770-6-213 

c. Results: ,,. The results of this evaluation are presented in ratle 
5 telow. Note that all process pipe possess suf~1c!ent 

"' 
wall thickness to resist the internal pressures sreci-

"' fled. 
~ Act. 

~ PE~ ..L _£_ _g_ ~!mM...... t~C'.>'. --
1,2 985 34 17500 . 936 - 1.125 :.'.in. 

3,4 1100 20 15000 . 712 .Blll 1.031 

!@1Ll. 

I 

I I 
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Secondary Seal llozzle Stresses Due to Pipe Rupture Loading 
Cc.ndition: 

A. ~: For purposes of analysis, consider the 
following "free body diagram" of a typical type I 
penetration assembly. 

- ~L· Ht:lfO "· ,--
) 'e11rec 

,,.,,~1. .... h ~ 
1-10lur L 

- - tL 
R, ...._-+--.... r ) H 

M>lft' 

In tt1e aliove M,F ,V and Mt each represent a combined effect 
of thermal expansion and pipe rupture loading. This 1s arrlvec 
at b7 assuming on<: pr:>cess pipe hub to undergoing its normal 
r.-1~1r.g flex11i111t7 thermal expansion reactions while the other 
t.ut 1s loadEd ty pipe rupture reactions. For conservatism, thete 
ar<: assuned additive. For analysis purposes, the following 
lc.~1 comb1natlons should be considered as to their relative 
'= rrects: 

1. 
2. 
3, 

Bending and Lateral (M,V) 
Torsion and Lateral(Mt• V) 
Bendin~ and Axial (M,F) 

~ince, the load transmitting structural attachments consist 
or loose rlr,gs at the ends of the nozzles and trunnions on the 
flued heads, it becomes obvious the worst condltlon from a nozzle 
standpoint ls the Bending and Lateral case. This ls due to the 
trunnion resistance er the axial and torsional loads. There fort, 
fr?m statics we have: 

R + R • v 
1 • 

-RlJ.. + R2...( • M 

Solving we obtain: 

R2 . M + v 
1l:"" .... 

" 
Rl • -M + v 

!:(" 1 

t-TU 

• 

~
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Converting to a max nozzle bending moment we dbtain: 

(Mb).."'•· = b 1<2. 

Therefore, the ma1lmum primary bending stress becomes: 

Jb 

Where: CTt: • 
Mb • 
z . 

_&___ 
::' 'i!:. 

Maxlmum bending stress (PSI) 

Maximum bending moment (in. lb.) 

Nozzle section Modulus (1n.3) 

The above const1t~tes a maximum prlnary bending stress anj is 
therefore comparable to an assumed allowable or plpe yield per 
Section III. However, since the loads are trans~ittec frc~ 
the nozzles to loose ring flanges, : t becomes nece:ctsary :o 
determine the d1s~ont1nu1ty bending errects 1r.:pcsed (stress 
causing nozzle to deform at the ends). This effect c~uld 
result in an ovallzation of the ring end sufficient tc colla~se 
or yield a cylinder or 1nsurr1c1ent thickness. 'l'o arr!\·e a: 
a suitable stress equation to evaluate this effect, it was 

. necessary to empl~y strain energy techniques. In tt:e ir.terest 
or brlevity only the highlights of the developr.:ent will te 
presented here. 

Basically, it was assumed the nozzle can be represented as a 
cylinder fixed at one end and free at the other. A s~.ea!" lcs.:! 
ls applied near the free end distributed over half the c!r~~~
ference as a cesirle function. The potential energy (V) of the 
applied shear distribution is equated to the strain etergy (U) 
or the cylinder using the "First Minimal Principle" or the 
minimum of total potential: 

...illL + 
d.ti_ 

'dV =0 
d.~l 

L 

llhere,:.. is any arbitrary variable.or parameter. 

• 
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R:>r our deflection equation it was assumed: 

lot.I : L (" (1- (os -fr) Cos 119 

q, 

The strain e._nefl' of the cylinder is represented by: 

Ur:~ { / [Y,""-11;~1.,P't-wY• H(t·.AA)Xxe"} a.el9olt, • • 
lihere: d~ 

Xx • ~ • meridional bending curvature 

..L ~ 
x8 .a.> 419a. • tangential bending curvature 

~ 

.J.~ 
XxlJ •CL~· torsional bending curvature 

The applied shear load is ar~wned as: 

,, ZR (. 
~e o.7T <lS~ 

Theret~re the potential ot the applied load becomes: 
(IT'/>' 

-v = 2. Jo % & w . Q d. e 
Ler1vatives ot ~ and V are taken and equated as follows; . 

dJd.. t :i!:!_ = 0 ac.... ciC.:.....__ 

• 
""" @!!!!· .. ~-9-.. INllCllY 

The above equation is then solved for the unknown Cm which 
represents the mth term Of the series E(,.(1•(11'¥._J<.tslf'9 
and hence an expression defining all terms of the series 1s 
now available. The final deflection equation becomes: 

• 

-Po.' f '!l!J {!- c-o"'" (•- ,,,.. ~ J ~o" "a 
w: TO (1-(ol lL ~ ("':.1J(1!-"(~)'.,.!1! (lr-1)+ Lh'k.-t'kJ 

11- ,,~,,.. I' ., C1f2. l I"' f'"I 

Where: i:t' 
D ·---12(1-.u.") 

The circumferential bending stress equation is: 

·Et ( v 9' • 2r,:;;Jj '){ c9 + ,)J ){" ) 

Therefore, assuming /J• .3 and X • L, we obtain by substitution: ... . ,., ... 
If· St TY!J \ fl (·I (oSll 19 

V.1> • 7 (i-( •l rr:1 L ...:(.:.,"•,!..-1),;.;[.~11~.13~(;:44::..;);.1 .-,-. f~iS'=n•::--+ -,,.-Sl_l_n"':'~(~-.-;-J1 
11:2 ... ".. -;:r.:-

Examination of the above leads to the conclusion that the ~ax!
mum stress occurs at Q • 90°. This is due to the fact that a:: 
terms or the series become positive. Therefore, the final 
equation becomes: 

oO I)" 

1nR n,), Ft . , 
~,,,:: --ra-ft·tosri:;L 1r.1J(-,f.J'+ 1 ·!~: + 1.~,,,, (%) ..... ~, .. 

Where: R • Maximun transverse load·(lb.} 

a •Radius of Nozzle (in.) 

t • Thickness or nozzle (1n.l 

L • Length of nozzle (in.) 

x
1 

• Distance of load plane rrom fixed end (1n.) 
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B. Rer~rences: 

i. ~:A: 031.1 - 1,cs 
2. Ebasco informal memo dated December 22. 1971 L.J. Sas 

to W.S. Ha~erman · 
3. "Advanced Strengtt or Materials" by J.D. Dan Hartog 
-· "Theory or Plates and Shells" by S. Timoshenko 

C. ".:".l~.p•Jtat1 ons 

l. l'.ain 3team P'!netratlons (Pl + P2) 

:~ •49,l'JO,OOO H LB b • 38.25" 
'I. • l 'J l 'J'l'J LB a • 33.8 in. 
·"' • 44 lN t • 2.5 in. 
L • 44.S Ill X1 • <fo.75 

P. • 4')?1J'.lll'.l0 + ~ . 655000 LB ' ~ x 44 < 

1\ • bR2 • 3L25 x 655000 • 25,lOO,OOOJ IN LB 

f'r1~.ar:t B•.m11ng ::tres:;: 

Vb _ fh 25,il4r~ 
- ? - 7T,i.3J K'"x 2.', = 2 71.fu Psi 

Local Dlscontlnuity 

a/L • • 7f.O 

l·/b • 4o. 75 • ,91e 
~ 

.!Cl.! •. 916 x 90 • 82 .4° 
i! L. 

V-t • l.~ ..... LL~~5'l'lll_ 0- (•582.11°) x .0221 

: 30100 PSI 

• • 

t'M:l!!!.l.!!!!5-\!!J- .. _., • 

2. Feedwater (P3 & P<fl 

M • 5,040,000 IN LB. 
v,, ~ 86,000 LB 
..-< • 114 rn. 
L • 44 111. 

b • 39. 5 
a •27.6IN 
t • .1 IN 
x

1 
• 41. 5 ,,,. 

R2 • 5040000 
2T1ni +86000 • 100,000 LB 

2 

Mb • b x R2 • 39.5 x 100000 • 3,950,000 

Primary Bending Stress 

fJi • Mb • 3950000 • 1650 PSI 
r 7r xt7. 6" x .1 

27.6 
a/L • --n;- • .627 

11/L • Ill. 5 • • 943 
-irr 

Local D1scont1nu1t) 

7fti-. ,91!3 x 90 • 84.9• 

<Tei.• 15.3 x lOOCOO 0- 84.9°) x .0224 

• 31200 PSI 

D •. R_esults: 

As can easily be observed all values are within allo~able 
taken as l.5 sm· ror the primary stresses(O£) and 3 s~ f~r 
the seconcary stresses, (<78b). Sm • 23300 PSI e 10C°F rcr 
A 515 Gr. 70 

• 
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Lateral Jet Force Calculation 
A. ~: The Jet forces ror a longitudinal break are 

determined per the "Ebasco" spec. as follows: 

FJ • lPA 

WHERE: Fj • Jet Force (LB.) 

K • Phase Factor (pg. 9 of spec.) 
P • Operating pressure (psig) 
A • Pipe Flow Area (in.2) 

Per the "Ebasco• Specification. 

Break Length (,l) • 2 x Pipe Dia. (D) 

Break Area • Ar 

Therefore, Breat. Width (c) • Ar/2D • Ar; J. 
b. Peferences: 

1. Ebasco Spec:rication No. FL0-8770.124 
2. EbilSCO Dwg. No, 8770-G-213 

c. P.e:ult>: The results of this computation using operat1 
pressures and piping dimensions from Ebasco Dwg. No. 
8770-G-213 are presented in Table 6 below. The forces 
will be used in the subsequent section. 

!'Ell. 
:n (IU) 
r,7 ~ 
3,11 20 

t 
(I!l.) 
~ 
1.031 

At P 
(IN2) ~&SIG) K 
ITiJ ) .'63 
253 1050 ,97 

TABLE 6 

L C 
(INl ilfil 
~ 11.5 
40 6. 33 

i! ~ 
516000 

Per the Ebasco specification; the above K ~alues double 
in the case of fluid rebound. Hence, the forces 
comr-uted above reflect this effect. 

• 
'l-1'6 

6. 
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Guard Pipe Stresses due to Jet Im?ingement 
A. General: To determine the et ect of a slot break 

within the penetration assembly, a conservative 
approach will be taken as follows: 

• 

1. The maximum bending stress that could occur in a 
guard pipe with a hinge would be at the center cf 
the assembly as shown below: 

f' 011r. 

6<1ACll -z--:1 ·- : :5' ~ 
";.-:: .. ~11 · 1-~1 · r 

i.----t, ---I 
M_ .. !fi (/. - L/z) = .q. ( l.J • ~) 4f I 

'l'T;.. .. #..-• /'l: 
wHt!1£ if r 1f" ('D11 ";_ t ( f; 

Note: The values or FJ are taken rrom Section 5 of this 
report. 

2. The second area or concern is the hoop stress 
caused in the nozzle or guard pipe due to the !et 
force striking a finite area. The area is develcre 
as follows consistent with the "Ebasco" spec.: 

f.-l11~ 
1---C.i--I --...t --a 
U D11/Z . L io•r.,p ' 

10• -r 
TYP I 

(DN/2 _ Do/2) D./Z C • C + 2 TAN 10° 
N 

• c + (DN - Do) TAN 10° 

LN • L + (DN - Do) TAN 10° 

A • CN~ 

• ~c +(DN - Do> TAN10°) [L + (DN-Do) TAN 10°] 
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p • FJ 
-,;, 

Hil~':.~-'T'- .. _. 

Vt • P(DN +t) 
<'.t 

• 

WHEP.E: DN • G.P. I.D. (in.) 

Do • Process Pipe (O.D.) 

t • Nozzle thickness (in.) 

FJ • Jet For~e (LB.) 

c • Slot Width (in.) 

L •Slot length (in.I 

E. ?.~rert:?nc'!3: 
1. EtaSC') Spec. :lo. FL0-8770-124 
2. "F0!"'.:!ula: for Stress and Strain" by R.J. Roark 
3. u::.1,::. eJL 7-1'.JS? 

'=· ~: The tabulated results of the above computatiorts 
are pre:ented in Tables 7 and 8 below. This condition 
t.a::. t'!'!n a::umed a:; faulted thereby Justifying a 
~pecif!ed ~!nimum yield allowable stress. 

,,,... Fj L L S 
i:;:·:· IL&.) Cill) (!YI) crn 3 J (PSI) (PSI) 
I 868006 l8 166 2440 11746 29400 
2 e£~0'JO 68 168 24~0 11920 29400 
3 ~l~~'~ 40 188 92B 23400 30600 
4 5llvuo 110 177 926 21800 30600 

TABLE 7 

f'~:;. r.;i t D:> C A2 t Sy 
r;',. WI) (W.) (Irl) (HI) (IN ) (PSI) (PSI) 
r- 44 1.5 34 11.5 925 14200 29400 
2 114 1.5 . 311 11.5 925 111200 29400 
3 2'.J.5 1.25 20 6.33 3311 19000 30600 
II 29.5 1.25 20 6.33 334 19000 30600 

TABLE 8 

Hr,~ever, if the hinge were not present the bending stresses 
in the guard pipe adjacent to the flued head would be 
r'!~r;si,nted by the following formula: 

t-1" 

• 

~
'llJll tulNS ------._... .. _ 

Vbx • FJ (Lop - 1/2 L)] 
'i! .... 1 L,, •I • .. 

~l I--~. .• . FJ.1160 

f:J t ..... 
l . .L.U '?. IS..,,uo 

~, ,.,#'# 

NEAi> 

The resu:ts are shown in the table below thus demonstrating 
the imposition of atrt'sses in excess of yield if a hinge is 
not employed. 

PEN. 
Lc;p Vbz Vi (PSI) NO. 1/2 L 

l 195 311 57200 27600 
2 200 311 $9000 27800 
3 225 20 1111000 29100 
4 213 20 107000 29100 

8. Penetration Seismic Anal~s1s 
A. General: Consider t e following "free body d1af~a~" 

of a type I pEnetration undergoing a seismic d1sturtanc 
R.t----- .... ~ _..J.._ __ i""·-·••-· 1 Ri r.. (ti+ - L• ·-- ·---1--L -l,-<tl 

fu £E_ ---·· ' ~--- ..... , jF. 
J I 

F&\i 1'z t .. ...: 

,. ----- L, - ---- --- --- - \ 

F. ') "" 
a' i.w. Where: l="s, • g~"ei -+ <: cs,) cbellows seismic force (lb.) 

Vlle1• wgt. of one bellows element (LB.) 
v1/(~ 1 • wgt. of bellows center spool (LB.) 

i:-52. • a/g (uln 1.t Wco l • bellows seismic force (lb.' 
\r.IB • wgt. of one bellows element (LB.) 
Wcu= wgt. of bellows center spool (LB.) 
Fc.1• F,1 • 112 a/g "ap 

'ltl,p. Wgt, of gurad pipe (LB.). 

I=~ • a/g w11 
Wt1 • wgt . flued head (LB.) 
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"" ? 
"" '° 

Ws • a/g Ws' •See. Seal nozzle seismic load (LB/in) 

Ws' •Pipe wgt. (LB/in} 

"11 • a/g WN' • Cont. nozzle seismic load (LB/in) 

WN' •Cont. noizle pipe wgt. (LB/1n) 

R1. R2 • Anchor structure load bearing reactions (IB) 

Fp • D.B.E. + Thermal E1pansion f1ping Load (LB) 

r.~ • D.B.E.+thermal expan11on piping load (IN LB) 

U:ilng the principles of statics we obtain: 

P. 1 + R2 • F'J' - Pp 

44 (R
2
-R1) • - Mp - MT 

WHEP.E: 
MT • -•2 Ws (L5~21) + WsL4 (L5 + 1/2 L4) 

+WN L3 (L6 + l/2L3) + P81 (L4 + L5) 

+ Pa2 (LJ ~ L6) + Fa1L1 + Fa2L2 

PT • PR +Ws (42 +L4) + WNL3 + Pei + F92+Fa1 + Fa2 

Zolvlng we obtain: 
FT - Fp 

R •--- i 1 2 

R2 • FT - Fp 
. -2--

Mp + M.i
-SS 

M + fl'T p 
615 

The maxlmum nozz:e bending moment on the bellows side 
becomes: 

H., : i, (44 - 1.,)-1i1 I.,, • W.. L//z. 

The maxlmum nozzle bending moment on the outboard end 
becomes: 

M,, • R,, ( 44- 1.,) - 88.2 W$ 

The maximum primary bending stress becomes: 

tr: {Pf .. )_., .. ~ 
The maximum secondary stress at the end of the nozzle is 
determined by using the equation developed in section ~ 
of this report. 

B. Rererences-

1. Ebasco Specification No. FL0-8770-124 
2. Ebasco Infonnal memo dated December 22, 1971 

L.J. Sas to W.S. Haberman 
3. ASME Section III 
4. USAS BJl.7-1969 

C. Computations: 

1. Main Steam (P2) 
For the purposes of this computation the follcwi~g 
is assumed: 

WBl • 320 LB. WGP • 13600 Ll • 20~" 

WCSl • 730 LB. WFH • 850~ LB L2 • l i" 

W92 • 2.20 LB • Ws' • 160 LB/IN L3 • 1C2" 

L4 •· 42.25" 
Wcs2 • 950 LB. WN' • 28 LB/IN Ls • 5.75" 

L6 • 6.75" 

FP •VT!!.+ VDBE • 120000 LB. 

Mp • 1(MTH + MDBEJ • 2 x 30000000•60,000,000 !~.:..!'. 

-----1-----------------------------+------+----------~----------------~.-~ 
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The above assunes the moments from both inboard and outboard 
are a11itive while shear from both sides negate each other. 
Therefore, for conservatism, the shear on the left side will 
be neglected. 

a ·V(i.J>"'~<•;>"' :: J. "I-
P81• 3.61 c320 + 112 x r3o) • 2470 lb. 

Fa2• 3.61 {220 + 1/2 x 950) • 2510 lb. 

F01• P • 1/2 x 3.61 x 13600 • 24500 lb. 
02 

F • 3.61 x 8500 • 30700 lb. 
H 

Ws • 3,61 x 160 • 578 :.b/in. 

WN • 3,61 x 28 • 101 lb./1n. 

!t.T • -112 x 5 78 ( 5. 75 + 21) + 57 3 x 112. 25 ( 5. 75 + 21.12) 

+ 101x102 (6.75 + 51) + 2470 (42.25 + 5.75) 

+ 2510 (102 + 6.75) + 24500 (208 + 17)• 6,500,000 lb. 

FT • 30700 + 578 (42 + 42.25) + 101 x 102 

+ 2470 + 2510 + 2 l 24500 • 1411,000 lb. 

We must now consider two cases. One where Mp & Pp are 

pos1t1ve and a second where they are negative. 

~(Mp & FP Positive) 

pl • 144000 - 120000 
2 

+ 60.000,000 + 6,500.000 
88 

• 12000 + 756000 • 768000 lb. 

P.2 • 144000 - 120000 • 60,000,000 + 6,500,000 
BB 

• 12000 - 756000 • -742000 lb. 

• 

t-1'6 

• 

~ 

~
1Ull 1UINS ....----_..,_ 

(M + F beth negative) 
p p 

R1 • 144000 + 120000 + -60,000,000 + 6,500,000 
BB 

• 132,ooo - 608 1 000 • -476.ooo LB. 

R • 1114000 + 120000 
2 

-60,000,000 + 6,500,000 
BB 

• 132,000 + 608,000 • 740,000 LB. 

Inspection of the above reveals the maximWll value of R~ • 
768,ooo lb. while the maximwn value of R2 • -742,000 Ll!. 

& 
Mbl • 768000 (4~-5.75) - 2470 °X 112.25 - 578 x 112.25/~ 

• 28,800,000 IN LB 

Mb2 •-742000 (44-5.75) -882 x 578 

• -28,900,000 IN LB. 

Therefore the maximum primary bending stress becomes: 

~ • ~ r - z 8, 'oo,:oo " • 3UO PSI " ~ .,,..,, n.a .,z.S' 

The maximun secondary stress becomes: 

r:- 7610110 ttJOtOO • JS'"JOO PSI 
V• .. • HS-Orf) l . 

,, .... Ctcf,.• 4 

2. Feedwater (P3) 
Assume the following: 

VBl • 250 LB. WGP • 8600 LB. 

wcsi • 460 LB. WFH • 3500 LB . 

w 
B2 

• 160 LB. Ws' • 52 LB/Ill 

w .• 520 lb: 
cs2 

WN I • 21 LB/IR 

LI • 230 JN. 

Lz.•16I:l. 

L!> • 130. !N. 

Lt • 55.4 IN. 

L5 • 4.5 IN. 

~ • 5.5 :N • 

• 
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Pp • VTH + VDBE • 98000 LB. 

Mp • 2 (MTH + MOOE) • l_0,100,000 IN LB 

a • 3.61t 

FBl • 3.61 (250 + 1/2 x ~60) • 1730 LB 

JB2 • 3.61 (160 + 1/2 x 520) • 1520 LB. 

FGl • FG2 • 1/2 l 3.61 x 3600 r 15500 LB. 

Fl'! • 3.61 x 3500 • 12600 L.B. 

Ws • J.61 x 52 • 188 LB/CN 

'1:1 • ;.61 x 21 • 11i LB/IN 

~T • - 42 x1188 (4.5 + 21) + 188 I 55.4 (4,5 + 27.7l 

+ 76 x 130 (5.5 + 65) + 1730 (55.4 + 4.5) 

+ 1520 {130 + 5.5) + 15500 {230 +16) 

• 4, 950I1)00 [fl LB. 

FT • 12GOO + 188 (42 + 55.4) + 76 x 130 + 15?0 + 1730 

+ 2 x 15500 

• 75)00 LB. 

~ (1".'p + Fp Pos1t1ve) 

P. • 7~000 - 98000 + 10,100,000 + 4,950,000 
1 88 

• - 11500 + 171, 000 • !§.Q.JJQO LB. 

~? • 7~000 - /P,Ql)I) - :0,100,000 + 4,950,000 
( 18 

·--11500 - 171,000. 183,000 1). 

• ,.. 
~

'11111 1UINS ---.-.. .. -
~ (Mp + Pp negative) 

R, • 75000 + 98000 + -10,100,000 + 4,950,000 
88 

• 86500 - 58500 • 28000 LB. 

Rz • 75000 + 98000 - -10,100,000 + 4,950,000 
2 88 

• 86500 + 58500 • 145,000 LB. 

• 
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Inspection of the above values indicate the maxlmum moment w11 
be produced by R~·-183000 

M • •183000 (44 - 4.5) - 882 x 188 
bt 

•-7,390,000 IN LB. 

Therefore the maximum primary ben~ing stress becomes: 

~ • Mtu I:' - 7, Jf(),~o • • 3110 PSI 
• i! 1rlf Z'H ,.., 

The maximum secondary stress becomes: 

r- - / FS ooo Jt JIZ.OO • _ $ 71"0 PSI 
V9i, • 100.ono 

D. Results: 

It is easily seen that the above stress values fall within 
allowable taken as 1.5 Sm for primary stresses and 3 S,,. 
taken for secondary stresses. Sm • 233000 PSI for A5lb 
Gr. 70 plate at l00°P. 

• • 
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REPORT NO.: 71983-5 

FLUED HEAD 

STRESS REPORT 

FOR 

FLORlDA POWER & LIGHT COMPANY 

HUTCHINSON ISLAND PLANT 

CONTAINMENT PIPING PENETRATION ASSEMBLIES 

P.O. NO. NY-422264 

Included are: 
Penetration No. 5 - Blowdown (SG-lA), I-2B-l 
Penetration No. 26- Letdown Line, I-2CH-l03 
Penetration No, 36- Safety Injection LOop 1A2, 

I-6 SI-113 
Penetration No. 40- Shutdown Coolinq, I-10 SI-422 

PP.EPARED BY: /{!]{ff ,,.,. ·-·--- DATE: 1.1 l. •t.J 
w.s. Haerman, PE :;; 

Y.'{ 7'/J2 

APPROVED BY: 4/;. (/, '/J1 t> /" i,, ,.._ .- DATE: 1{_11{_?-:J 
M.v. Mailtlnus I > 

hlt~.i:.•J;rh this str~ss report is believed to be accurate, nothing 
c::.r1t.air,.:1J t.ereln st.all Le eonstrued as establishing any warran
~:;. 1:r.rr~:;3 l)r 1mpll<,d. 
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Section I 

Certification 
1. sUITlllU'7 or IUlport 
2. Progra.111 Antlyticiea 
J, Program Veriticetion 

l&ll!QE~ 

Report No.71963-~ 

4, frpe Ill 1'9netrat.ion b1911d>l,f Draving 
5, P11netration 26 AxiaJ. l'henaal Gradient. Ccliput.er Reaulta 

:;ect.ion II - Penetration 5 COB¥>ut.er Results 

1. 
2. 
). 
4. 
5. 
fl. 
7. 
I!, 
9. 
10. 
11. 
12. 
1). 
14. 
15. 
16. 
17. 
1'1. 

Material ~operty Oau 
Thermal Model Plot. 
Thermal iiesul ts 
Stress Model Plot 
Stress "n4ais Input Table 
Internal Pressure St."ese1 
Thel"IMl Gridient. 3tre•ee• 
.lx.1al Load :itresses 
Torsion&l Load Stresses 
Transverse Shear Stresses 
Bending Monent Streesea 
Bending Morient (at. Snd) St.re11e1 
Normal Operating (illcial & Bending) 
Normal Operating (Tr:uirreree & Bending) 
Normal uper~ting (Transveree & Torsion) 
Preaaure, Thermal, a.rill Olk: (Axial & Bending) 
Pressure, Thermal, and Dee; (Transverse Ci Bending) 
Pressure, Th<1r1:111.l, and DBI:: ('l'ransverse & Torsion) 

Section Ill - Penetntion ;6 COftiluter Result.11 

1. 
2. 
J. 
4. 
s. 
6. 
7. 
8. 
9. 
10. 
ll. 
12. 
lJ. 
14. 
15. 
16. 
17. 

Material Property Oat.a 
Thermal Model Plot. 
Ther1:111.l liesults 
S tru s llodel Plot. 
Stress Anal(sis Input. Table 
lntem.i.l rrusure Stressee 
Therlllal Grailient Stresses 
Axial Load :itreaaes 
Torsional Load Stroeses 
Transverse Shear Stresses 
Bonding Molllllnt 5tresse9 
Bending Mom&nt (lit. End) Stres111ta 
Normal Operating (Axial & Bending) 
Normal Operating (1'ranm1ree & Bending) 
Norlll.ll Operoting (Transverse & Torsion 
Pressure, Thermal, and DBE (Axial & Bending) 
Pressure. Thermal. a.nd DBE (TransverBO a.nd B~nding) 

• 
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::ect1on Ill - h!net.ntion •6 Co"°"ut.er ltesults 

1'!. l-'ressur.,, lher"1al, v.c LIU.:: ('l'rdlleverae & Torsion) 

:;.,ct.ion I\' - 1-er.etnt.ion 3E Computer heeult.a 

1. 
2. 
). 
I.. 
5. 
6. 
7. 
~. 

9. 
10. 
11. 
12. 
13. 
;i.. 
lS. 
ii. 
17. 
l~. 
19. 
<O. 

.21. 
22. 

23 • 

~tn~a.l l'rC>p'lrty D.t.ta 
7her::ial Model Hot 
St.ead;r Suto ·1 her::u.1 .:at.a 
7r;,.nsi.,nt. iher~l v:it.a 
~tr"u Hodel l'lot. 
::itr"'' i.nalysis lnput. Table 
lnte~l l'!"lss•.ire ;t,ress!IS 
Th"r::i.il Gradi<?nt :::t.re!ses 
Tr;inai<?r.t l!'.er"lit.l :itresses 
ftxl~l Lo.:id :it.r~s5os 
ror,ior.'ll l.ovl :,tMslMs 
'!'rUlsverse :~n"-.r . .itre!ses 
il'!r.din;r :'.o~rit .tr.,sses 
ber.Ji."I: ;.:o""'r•t. (.1t. ::rd) ::itresSS! 
i·or,,.~l r,pentir.e (.vcltl r, B.,ndins) 
:.or"41 CiP"rsting (Tr'lllsverse and Bending_) 
!.or.,-al 0P"r;,.~ir,;i: (lr..r1sveree 3Jld Torsion] 
:T'!SSUl''!. :r ... r'llal' ;.r.d il:oL ( w.al and Sending) 
f'MSS•.IM, iher,,-.,.l, ;,.rid Oili; (Tra.nsverse and Bending) 
IT"ssur,, Tt<'ir• .. l, 'illJ uo;:; (1'ran~erse and Toren) 
fnnsient Co'lbina.Lion 1 (. 5 x Trans, Therm, Stress = Alt.. Stress) 
fnnsillnt. Cot'lbination 2 ( .5 x Trillls, Therm. Stress - ,5 x S • .:i. 

Thermal Gra.dient. ::itress) 
Transient Co!:lbin>tion J ( .5 x ·•h•rl!l.ll Gradient :;tress) 

:;•ct.ion V - l·er.etr;.t.ior, 4fJ r.o~uter kesults 

1. '.at.er Li) h'operty J,.h 
2. iher:r.al ::o'.'.!el f'lot 
1. iherm;,.l rtesults 
I.. :;tr'Ss Hodel Hot 
5. ;i.roas .\ria.lysis JJlput Table 
6. Int•rn;il hessur• St.ressea 
7. fhormal C.:-dier.t :>t.reaees 
11, Axiil Load :;tr,,sses 
9. forlional Lo.id ::itresses 
10. :ior.1il1;i: !~oo:ent. (Ht. in:!) Streseee 
ll. Tra.">nere• 5hear 3tr'!ssee 
12. 3en11ng ~omnt ~tresses 
13. >or:ral 0P"n.ting (Axial & Bendl.ng) 
14. :io~:"la.l Operlting (7r.i.nsverse and !lending) 
15. .>or~al Openting (Tr.weverse and Torsion) 
lb. f'r"ssure, TMr:nal and DBE (Axial dlld Bending) 
17. ITessur~, ·~~•rr-.1 and lJ!lE (Transverse and Bending) 
};i. Pressure, Ther::ia.l and DI£ (Transverse and Torsion) 

~~ 

Introduction 

The following, when combined with the balance of items listed 
in the index, constitutes the stress report on four (4) flued 
head forgings to be supplied as part of the containment pene
tration piping assemblies for the Hutchinson Island Plant. 
All calculations for stress distributions were made using finiti 
element computer techniques. Descripticn data relative to the 
program and its verification is attached in Section I-3 and I-4. 

Basic Approach 

For analysis purposes the flued head and attached piping model 
was assumed as shown below: ' 

j.---- 1'" l~ Yi.t f1.IJt!l> HEl1~ 

¥' I < '-) 0:: 
F;cE f:"/KlrY po£ Y1,.t 
END ,,_./ E¥T. LOADS ---. ', 

c ,-----. .., .... ;~ i..-2· -,...-- .,,· --1 
' I 
t=;··- ---:-· 

--- Li.-

PEN l/2t 
-5- r-
26 1-1/2 
36 1-3/4 
40 1-1/2 

t 
! 
3 
3-1/2 
3 

L2 
I9 
19-1/2 
19-3/ 4 
19-1/2 

L1 
.,-
7-1/2 
7-3/4 
7-1/2 

I I 

OPERATING 
PRESS. TE~IP. 
885 PSIG 520°F 
2200 Psrn 4so°F 
2235 PSIG 330°F 
300 PSIG 300°F 

THK. 
J'.\St:L, 
-r--
1-1.'2 
2 
2 
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The table belov clll!lb1.n .. , Thenu.l Expansion and ()peraUll'l&l baa11 •arth· 
qualc• loads per Ebuco Mso, December 22, 1'172. 

(F) (M) (V) (Mt.) 
PEN WA!.. ~ !.!!!!§. TOOSION 

5 16SO lb. 16500 in. lb. 1650 lb. 16500 in. lb. 26 JOO 2250 JOO 2250 )6 1)500 200000 l.3500 )00000 
40 9150 1.14000 9150 474000 

It .. coulder Thtnal Bxpan1ion pl.Ill d••ian buil IU't.h411.!ake .. hit.ft the 
rollMd.nc: 

!Y 
s 
~ 
)6 
40 

6W1i 

2200 lb. 
400 
18000 
12600 

~ I!!6l§ 

22000 111. lb. 2200 lb. 
)000 )00 
400000 18000 
6 )2000 12600 

l'!!!§.!Q!! 

22000 in. lb. 
)000 
l.00000 
6)2000 

Th• ratio bet.wen the ab4ml tvo .. u or load• be-• 1,))) 111111.dering 
operating bub •arthqualce "be - haJ.1' or the deai4P1 bHU YU...1, 
Furt.h•r, t.h• ab°" Yalue1 act at the eenter or the nuec1 hlad and compri" 
pipe loads •PPllctbl• to bot.t. the inbovd and outboard 11d• 1a the worst 
clllllbillation troa 111 onrill tea.cl etn11 1ta.ndpoint. For the actual 1tre .. 
runu the abcmt load1 wre Coi:Ytrted to stat.icall.7 equinlent. loacl11 applied 
t.o t.he ende of the et.res• lllOdel 8ho1«1 lA t.he above sketch. Combi.na.tions 
produce~ in the clll!lbined stl"llH reault.s rune include th• follovJ.n& tor both 
the nol'lllal operat.ina condit. lals (include a pNHllMI, thermal, illll1 operating 
b&aia •IU'\hqllakll) llld t.hll ..,.gen1:7 conditions (inclldes preaaure, thermal, 
and d••l&n bub earthquake) 

Co!!!bination l 

l, J>ro~esa pipe pr9HllMI etreeaa1 
2. Head Th'Jl'llal. gradient et.re9111 
) • Uhl thermal load et.re11" 
4, Bending th•l'll&l. load etret1aa1 
S. Arl&l .. 111111c Load et.re••• 
6. Bending .. 11111c 10&4 lt.NHH 

f-tU 

• 

(ii)!!!,• ... ~-
'T'~ ........... 

Combination 2 

1. Process pipe pressure stresses 
2. Head thermal gra~ient stresses 
3. Transverse thermal lotd stresses 
4. Bending ther1Ul load stresses 
5. Transverse seismic load stresses 
6. Bending seismic load stresses 

Combination 3 

1. Process pipe pressure stresses 
2. Head ther1111 gradient stresses 
J. Transverse therwul load stresses 
4. Torsion•! thenul load stresses 
5. Tr1nsverse seismic load stresses 
6. Torsional se.fs111lc load stresses 

In addttton to the above ftntte ele•ent stress analysts for the 
f1ued heads, the 1Ki1l therm11 gradients were tnvesti91ted on 
Penetration 26 to denonstrate tn Imposed concrete shield vessel 
temperature of 1so•r or less. For this analysts. a slightly 
different model was used as shown helot: 

U,&,,,,,J 

6.u111l••1 

)\ CtUC. 
THk. 

Finally the pipe rupture loading contions have been treated In 
Report No. 71983-1 previously submitted. Likewise~ the balance 
of penetration major components have been evalu1ted tn Report 
71983-3. 
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7t.e results for the four (4) heads analyzed are presented below: 

PE!IETRATION NUMBER 5 

Max Stress Stress Allowable 
t;or.-.b1nat1on Intens1ty(PSI) Location 

Locatio 
~ 

#1 l1':1rmal OP. (Al+BE!l) 23776 OD Outboard Process 57729 
Pipe Hub ( #64) 

n llr,r~.al OP. (Tram;+eEU) 19845 OD Inboard Process 
Pipe Hub ( 1177) 57124 

#3 flr,r~.al OP. (Trans+Tor) 24575 OD Outboard Process 
Pipe Hub ( 164) 57729 

#4 E:~::R. (Ax-BEil) 31158 OD Outboard Process 
Pipe Hub ( #611) 57729 

I~ EXER. (Trans+BE!I) 26940 CD Inboard Process 
F1pe Hub ( lt77) 57124 

N? E!'.ER (Trans +':'or) 35689 CD Outboard Process 
fipe Hub ( N64) 57729 

PEllET!iATION NOOBER 26 

ll,ax :;tress Stress Allowabl• 

!'"''°"''" 
Intensity(PSI; Location Stress 

#1 li:irr..al OP. (Ax+BEll) 25588 Inboard Process Pipe 54188 
Fillet RAD(ll83) 

#2 :lormal OP. (Trans+BEN) 25608 " " 

N":, !lormal OP.(Trans+Tor) 25616 " " 

,4 E!-:ER. (Ax+BE~} 25581 " " 
#~ E!'.ER. (Trans+BE!l) 25608 " " 
#6 E:t.ER. (Trans+T:>r) 25620 II " 

• 
Y.."6 

Combination 

~1UBI 1UINS 
~---------. - .. _, 

PENETRATION NUMBER 36 

Max Stress 
Intensity 

Stress 
Location 

11 Normal OP.(Ax+Ben) 19036 ID Head(Nl25) 

#2 Normal Op.(Trans+BEN) 19118 ID Head(U25) 

• 
Allcwat: l 
~s 

57t52 

57t52 

13 Normal OP.(Trans+Tor) 20402 Outboatd rrocess Pipe 
Hub (#~3) 57~44 
OD Inboard Process #4 EMER. (Ax+BEN) 23569 
Pipe Hub (#91) 57508 
OD Inboard Process 15 EMER.(Trans+BEN) 22365 
Pipe Hub(#91) 575ca 
Outboard Process N6 EMER.(Trans+Tor) 26775 
Pipe Hub (1¥23) 57744 

Max Transient Stress • 25430 (ALT) @505 cycles /Usage Factor 
<.Cl 

Stress located at I.D. or Outboard Process Pipe Hub 

PENETRATION NUMBER 4C 

Max Stress Stress Allowable 
Combination Intensit;i'. Location ~ 
11 Normal OP.(Ax+BEN) 22542 ID Inbcard Process 

Pipe Hub ( #86) 56100 
12 Normal OP.(Trans+BEN) 22300 OD Outboard Process " Pipe Hub (#22) 
13 Normal OP.(Trans+Tor) 22439 If If 

#4 EMER. (AxtBEN) 259115 " " 
15 EMER. (Trans+BEN) 25918 " " 
#6 EMER. (Trans+Tor) 29889 " " 

PENETRATION 26 AXIAL THERMAL GRADIENT 

The results cf the axial thermal gradient analysis produced a 
temperature adjacent to the concrete of 145°F theret:y de~onstra~:ng 
compliance with an imposed 150°F limit. 

The· above·results are well within Code allowable stresses take~ 
as 3 Sm due to the inclusion of discontinuity or seccndary 
stre~s effects. Therefore, the flued heads have been der.cnstra 
ted to comply with the design information supplied. 



., P[N?6CM00lr1EO) CHEt~t>UT 

QQA~IN<! Ot:TAIL HVf4B~~· ) 1297~ 26 

MATEalAL. SD..ECTIOHS IV TT'E NUMtea 
HllO I 

l'P()(ESS ,.Ip£ , 
GUARD ,tn • 
..OlZLP: '1'1: • 
SuPPOlllT aa.- -· 

UBL[· l .. ALLOWA8L[ STPFSS•JNTrNSITYCSMt SOUCJCE • USlS Bll.7 fl9f·Q> 
C•lOHJ) CPC\U . NllCLOR POwER PJPtNG 

lAOLf A.l 

MATUUAf.j NR. ) • 5TAINLfS5 ST[EL f'OPGl,..0$ 

TYP( • Al~2 r3n4 

JU'• era 
10.1 

20 ••• 
,oo.o 
uo.e 
soo.o 
HO.I 
650 .. t ., .... 
'"'·' Allel 

11'RfSS ($"') 

?0.0000 
20.0000 
IQ.MOO 
17.6000 
16.4000 
ir..6000 
lS.3000 
1-..1000 
lt..9000 
\4ell000 
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TABL[ 2 • MODULUS Of· ELASTJclTY<F.> 
C•lOH6j CPSU 

TYP£ .. Ali.I~ 

lfMP en 
10.0 

200.0 
30('1.0 

40(1.0 
c;oo.o 
600.0 
100.0 
f'OO.O 

TABLE 3 ... COEFf"ICtn'T Of' TtifiJMAI EXPANS.I 
O~·•fAL.PllAJ C•lt)••-!'-) 

~OURCE • USAS 8Jl.7 Cl9~q) 
NUCLEAR P.OW[R PIPJNO 

•• f •• 

2A.34>00 
n.1000 
21.100~ 

?.6.t,noo 
?6.lOOO 
~s.1oooo 
zi •• eooo 
21 •• 1000 

'TA8Lf. A.6 

FOllGJNGS 

SOUHCf - USAS 831.7 tlQ~Qj 
N•·C1.(l.R PO~ffR PtPlNG 
ll·BLl. Ae '> 

MAT£AlAL· ~. l • STA1Nl.ESS STEE.l ror~GJNG4> 

TYPE - ~lh2 

TEMP ff') 

10.0 
101'1.D 
1•,.0.0 
i?OCl.ll 
?51).0 
300.0 
1">0. 0 
400.0 
450.0 
... oo.u 
S"iO.O 
1.00.0 
6~.n.n 

100.0 
7.-;~.o 

Hoo.o 

3G-49 

f' lot. 

9.1100 
'•e l•·OO 
(J.~··oo 

•1.3400 
Q.4100 
l).4700 
9e5300 
~.S'lOO 
•l.6c;oo 
q. 7000 
c;.7600 
9.8?.00 
«il.S7(IO 
9.9Vi() 
9.9900 

10.0 .... 00 



TABLE 4 - TH!~MAL CON{)UCTIVJTVCY) 
18TU/11Re•fT e•flJ 

SOUP.CE • USA~ 811.7 ClQ~Qj 
'~UCLEAR PO~ER PIPING 
TARLr A.4 

~ATFRIAL MR. l • STAINLESS STE(L FOl-IGINGS 

yt"tlP If) 

10.0 
100.0 
1 "i:l .o 
21>0.o 
2•:0.11 
ioo.o 
)l;(j. 0 
"0(1.0 
•·5~ .o 
1:.on.o 
ssn.n 
1.nn.o 
6'•o.c 
100.0 
1so.n 
~oo.o 

TABLE 5 • THERMAL Olf'f'USIYITY (K/CP) 
C(fT••?)/Hltet 

f'J04 

•• I( •• 

fle'."'-00 
f'.4000 
A 0 '170(1 
... 9000 
c:..1 i'•)() 

n • 1',IJl'I 
1).~,.;no 

Q.:"000 
10.0000 
16."100 
10.4500 
to. 7001) 
I0.«000 
11.lOOil 
11. '.'!50i) 
u. 5500 

SOUPCf • USAS B31. 7 Cl 4f' 'H 
NllCi.f_l\R PO•ER PtPlNt; 
l •ALF. A ... 

MATfRIAL NR •. 1 • STAINLESS ST[El f'OHGtNGS 

Tn.tP fF') 

'FO.O 
100.0 
1•-0.0 
100.0 
Z'•I) • o 
300.0 
'~o.e 
401).0 
41\t'etl 
..,oo.o 
'551). 0 
MlO. 0 
6"10.0 
701'.0 
1•;t:1.o 
100.0 
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f'304 

• l'/CP • 

.l'-~" 

.1 1• •5 

.157.S 
• ls•. 'l 
.l .. 6•> 
.1;;. ·~9 
olMl 
.. 1~:\0 
.1'.>'~ 
.lf.··r. 

• l"·"" 
.17.;7 
.11z1 
.l lli.. ,, , , ... ., 
.1178 

• 

• 

• 
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TAAL.£· b • ALTt~NUJNG STHESS lMPLITUOESc SOURCE • USAS 831.7 Cl9o9> 

SA) CPSU NUCt.EflA PO't1ER PJPJNft 
FIG 1-1os J.3CA).C8) 

MATfPUL.· NR. l .. SUtNL[SS STEEL 

TYPE - AlP2 

STf.'fSS<'iA) 

2hOOO. 
'.\7"ir.O. 
5•1500. 

109000. 
2'-0ooo. 
6">0000 • 

TASL!-. l - ALLO-ABLf. STl·ESS-lNTr::NSJTY(SM> 
(•};)•it.")) jL•'i}) 

f'J04 

tHC'YCLF:S) 

1000000.0 
iooooo.o 

10000.0 
1000.0 
ioo.o 
10.0 

sou:cr - USAS All.7 CJQ~~) 
t.:l-"Cl.f H~ PO,.f.iol Pll'P·•G 
TABLF. A.l 

MATFRtAL HR• 7 - ~TAl~LESS STEEL S[llMLESS PIPE 
hf't': .. A312 

10.0 
200.0 
300.0 
.i.oo .o 
c;oo.o 
600.n 
6':>0.0 
701.'.0 
1so.n 
l'Oo.o 

3G-51 

ST~• SSIS·') 

zo.oooo 
i'0.0000 
1q .... ooo 
17 .6000 
l'i.4000 
1·:.600(1 
lC:..JOOO 
1· .• 1000 
l••eQOOO 
lt1 41 R000 



TABLE 7. • HOf'IVLllS Of' EL11!>TlCITY1r> 
c•1r••n <P:-n 

TYPE - Al12 

10.0 
200.0 
JOO.I> 
400,0 
-:oo.o 
600.0 
100.0 
r:oo.o 

TP3(14 

$0U~tr • USAS ~,l.T <lq~~I 
NllCLEM~ PO\!f.P PIPING 
T AEIL f. A• b 

SEl'.141.ESS PIPE 

•• r •• 
18.3000 
n.1000 
z1.1000 
7.6,6000 
2~.)(100 
?'i.t.000 
~;, • A-000 
zi..1000 

TA~Lf l - COEFFICIENT or TP~l.HAL r~P•NSI 
Ori 1Alf't1AJ c•1 o••- 1.J 

S0U"tf - USllS D31.7 nq, .. <>) 
t'1CL[••N PO,..fR PJrJt.iG 
TABLf A.~ 

MATF~JAL NR. 7 - STAINLESS STf[L 

TYPr • A31l 

1(1.(1 

ioo.o 
1 1 ·~ .c 
100.0 
zso.o 
:tno.o 
;\<;0,(1 

"00 1 u 
l.SO.r. 
"·00 .o 
S'lO •(I 
··r.o.t1 
6':1).0 
·10(1.0 
7"D•O 
roo.o 

TP304 

3G-52 

0.1100 
0.1"'00 
~.1·,nn 
Q •. l400 
Q,4l:>U 
ci.4100 
o.s 100 
9.591)(1 
·~.6'500 

•.1000 
c;.76on 
~.e~OI) 
c...~700 
9 • Clf"<(l(j 
tt.'JQOO 

u.o ··00 

SEAMLESS PJPE 

• 

• 

• 
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T~RL( 4 - THFw~AL Cn~nurTJVJTvcr) 
f PTU1H1.·.-fT .-r; 

SOU!·'<r - US.\S n:i1. 7 ( \q1·.Cl) 

t:IJCl.Gk PO·"'.E~ Pil,l'!t; 
Tl.BU' A.'-

MATEPJAL NR• 7 • STAINLESS STEEL SEAMLESS PIP( 

TYPE - Alli? 

7t>.O 
ioo.o 
l'>O •fl 
ZOfl.O 
?. 1i(l. 0 
301l. r. 
3•;c. • '' 
40000 
45(•. 0 
50o.<> 
sso.o 
I 0(\ • 0 
6'il).0 
700.0 
7~o.o 
~oo.o 

T~BLE ~ - T~EH~4L OJFFU~IvJTY (Y/CP> 
f (fl••2) 111•~.) 

TPJOft. .. " .. 
R.3r,oo 
;:. .4000 
fl..6700 
I'• 9:)00 
C•ol/{IQ 

~. '.'l'i'i(; 
Cj o .-.(,Oil 

9. "C·OO 
10.0000 
10.23ou 
10 • .c.•:•t10 
10.7000 
lo.•;ooo 
1) .1()00 
11. 1~·110 
11.S!>OO 

Sr.UFICE - U~r.5 AH.7 Cl'ff.'1) 
N11c.t f u~ I"();.'[ R PIP t NC. 
TARU: A.4 

MAT~HJAL NR. 7 • STAIN~ESS STEEL SEAMLESS PIPE 

TYPE' • ~312 

7r. .o 
tno.n 
1 "·{\ .6 
zoc.o 
2'-·0 .o 
300.0 
'h0 0 1l 
41)0.0 
4SO.o 
~0(1,0 
s~c.Ci 

1·00, 0 
6'•0,0 
700.0 
7c.('.,.I) 
800.fl 

iP304 

3G-53 

• l .. 98 
.1 ···•S 
• 1 c;zi; 
.1c.:;1.~l 

· '""~ • l "','·9 
• Jb(ll 
.. 1f,1n 
.101<.1 
, l6<;9 
.1i:,,,,.. 
.17•'7 
.1721 
.11:1~. 
.17·',7 
ol 778 



TABLE 6 • ALTEPNATlNi. ST~ESS ~NPL1TUOF.SC 
S,\) CPSI> 

SOUP<'£ • llS 11\S B:H. 7 C1 C>'·.9) 
t.lllCL f r.R po •. f n p Ip HlC. 
f JG 1-7n~ J.JCa).(BJ 

MATfPIAL NHe 7 • STAINLESS STEEL SE/tHLESS PIPE 

TYf'E - Alli? TP304 

STr.rss 'SI., 
?l'>OOOe 
37';~o. 
s·,c::oo. 

1or1000. 
z•.Qooo. 
6"'0000e 

TABLE l - ALLOliABlE ST~1t:SS-tNTFNSITYcSM) 
C•H:•e·"H fp·;J) 

rHCYCl.fS) 

1000000.0 
100000.0 
10000.0 

1000.0 
JOo.o 
10.0 

SOU1;Cf - lJS1'.5 fDleT e1c:.i 1-'il 
M1n.Et1R Po.~rH Ptlo'lt•G 
TA0LF. A. l 

~ATf.RtAL NR. 9 • ChRBOU ~TEEL SEllMLESS PIPE 

10.c 
4.0o.o 
c.,oo.o 
600.0 
6~0.0 
100.0 
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STi.t~ SS C!\''l 

20.0000 
?o.oooo 
1".901)0 
17. "\000 
11.0000 
11 •• aooo 

• 

• 

• 
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TJBLE l - MODULUS or ELASTirtTYc[) 
t•l~••t.) H"~ t) 

MATEPIAL NRe ~ - CM~BON STEEL 

CiPeB 

so~)Cf - USAS 831.7 (}Q•Qj 
Mfl".:1.F'\i:I Pn,;rR PJPJNC, 
TARl f-. A."' 

SEfl"4Lf:SS PIPt 

T'ff'f: • A 1 C 6 

Tf~P fFl •• F: •• 

10 .o 
ioo.o 
30(1.0 
400.0 
soo.o 
600.0 
100.0 

TABL£ l - COEFFICIENT OF THFPMll EKPANSt 
ONCALP~A) (*JO••-~> 

MATFRIAL ~R. 9 • C~RRON ~TEEL 

?.I .9000 
27.7000 
z·r .4000 
u.oooo 
?6.4000 
z•,. 1000 
l'• .sooo 

SOURCE - usas "]1.7 114~9j 
tHlt:l.f'.hll POritR Plf'JNG 
TAUl.f A.S 

SEAMLESS PIPE 

hPF - t. l n!'I r,I) .e 

TfMP If) •At.r'HA• 

10.0 l· .• 0100 
100.0 f,.l,<'O 
l '·O • 0 Ii.I' Of; 
200.0 , ..• J>i(l 'I 
c~>c. o &.•.-«OO 
300.0 6.6000 
:t"''. (i "· 7101'1 
4t.l(i.O "'•''('l)CI 

'•'>O •(I 6,c.';>(11) 

C,l)O. 0 7.CIZOO 
c:,..:o.o 7, V(IO 
•·OQ .o 7.?.lO:> 
6"iO.O 7.3'101) 
700.(1 7.4400 
71\1). (I 1.s·.09 
eon.o 7.6 00 

3G-55 



TABLE 4 • Th[~M~L CONOUCTIVITY(~j 
CflTUIH•-'e•f'T e•f l 

sou;;·c.E - US•\S R:n .7 (1q.,<;) 

Nl.'ClPI" P(),.t''R PJP\l:G 
r .l9•.' A,4 

MATF.RJAL NR• 9 - C~~80N ~TEEL SF.t.14L£SS Pl PE 

TYPF.' • It l rib 

TEMP ff I 

7o.o 
ioo.o 
l'ln.o 
2'0 (I. 0 
?<;(J. 0 
300.0 
J»o.n 
•or1 .o 
4So.o 
·.;or.o 
~5fl 0 0 
, OQ • 0 
61>0,o 
700.0 
1·•0.0 
~oo.o 

TABLE ~ - 1HEPM•L OIFFUSIVITY (~/CPJ 
( ( ft••? ) / ... R , ) 

.. "' .. 
)l•,0000 
'.'lh.6000 
'.l'>. 7fJOO 
Jlt, 11&:.(; !) 

~•.oooo 
33.?000 
3?.3(100 
~·1.t-r,00 
~o.~ooo 
?9.!'•000 
~'· .t,000 
i?P.3000 
'Z7 ,c:.ooo 
1.'·.AOOO 
lh.0000 
~s.1.noo 

sour·cr ... usr-s Bll. 7 09•··,; 
t.;1•C1.f1•~ POiiC.R PlPH.('. 
T Al\Lt: A.4 

"ATERtAl NR. 9 - CtPBON STEEL SEAfolLF.:SS PIPE 

10.0 
tno.o 
150.0 
200.0 
?1\1),() 
300,0 
]~,(). 0 
1.no.o 
450 •(I 
!:.f'IO.O 
sso.o 
"oo.o 
f>So.o 
7r>o.o 
1c.o.o 
i:100.o 

3G-56 

• l\/(fl • 

• 6c;f' !\ 
.65S'> 
.6 ... 4") 
• 6 :1''" 
.!' .. ,,9 
• C:,f.??. 
.~ "i7 
• s 1·~1 
•• ,,!;.) 
.47';'.l 
• .:.56') 
.411\7 
.417:) 
,3'H1'i 
.31a1 
• 36!16 

• 

• 

• 
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TABLE 6 • ALTERN4TH11• STRFSS ~HPLITUDESc 
S.\) (P~t> 

sourr;E - us.r.s o:n. 1 119.-.Q, 
~1Ur.t.f•\~ PO-¥lR PlPl!·.G 
~IG l-7h~ 3.l(t)o(~> 

MATfPTAL NP. 9 - CftPBON ~TEEL Sff!MLESS P:PE 

TYP( - Al06 

STf.'fSS(5/lt 

I 7e O'l, 
?ooe:o. 
)"000. 
•i:'lOoO. 

?0~·0(\1). 

'-rOOOO • 

NCCYCLfS) 

1000000.0 
100000.0 

10000.0 
1000.0 
100.0 
10.0 

••••• T ~ E P M A L! A N A L Y S I S ••••• 

STEADY STATE CASES TO BE ANALYZEO 

0 T~ANSJ£NT CASES TO ~E ANALYZED 

I~~ULATIO~ JArK[T DATA 

THJ('."t.:fss or It-.'.uLntoN 11~c1-e";> ., t.51lOO 
1 Hr--tS'>IVITY or ouTF1·' 1t11~u1.1.110N su"F'ACJ" .. .:H)ooooooE•OO 
IWtmf:11 OF LONC>ITUOIN.AL CAVJT1 Jtl~UL A TlON SfliMC:rns r: 

Tf"'Pf.flATUl'lF.: (f') 
41).000 

:l00.000 
'• 00. t'OO 
100.000 

T•~E"'t4AL BOUN1>flllY CClNOITIONc; 

CONDUCTIVITY C~TU·J~/FT?-F> 
• 30000000f •00 
.4i'O~OOOO• •llG 
.s1oooooor.oo 
•"''·000000f •CIO 

INJTf/I.!. l(t-!PfQAlU1?£ or MOl"\f"L (FJ • 200.000 
11'-l['IrtlT All~ Tf't·r•f'IMTUPf (f., • •1'"•000 

PROCE~S LINF fLUID I~ WATE~ ClrP( lJ 

P~f~~URE or W-TF~ c P~Jn , • 2200.00~ 
VELOCITY OF' llflll.li O"T/SEC.) • 6.;.oo 

3G-57 



SlEA~Y STATF ANALYSIS 

Pt<t'.'•':E'"·S PIH' F'ttJIO TE't-'F'f.'IHTllRE <f't 
~u~g" ~IPE TE•r·f~llURE Cf) • 
<·U·''''' PIPE lEU:•fflllTUPE LEN;.rH ! IN, "' 
... ~LL "IM'" Tt t4''f.i'!\TlJRf" tF) • 
"''LL LrNGTlt Of" NOZ71..r (INl .. 
Olftt!fT· JCAL r>t•:fAl\IC[ or '<ALL 'iJN~. {JNJ • 
"10UUTINt; Rlt'G [XTREf-~ETY TEf!PERt..TUkE (f)s 

~AOUTIO~I RECSUTOR DATA • rUNC:itON ? 
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fLUED HEAV 

S1RESS REPCRT 

FOR 

FLORIDA POHR AND LIGHT COMPANY 

ST. LUCIE PLANT 

(FORMERLY HUTCHINSON ISLAND) 

CONTAIRMENT PIPJNG PENETRATION ASSEMBLIES 

P.O. NO. NY-422264 

Included Are: 

Penetration No. 1, 'afn Steam (SG-1A). I-34MS-28 
Penetr~tion No. 3, feedwater (SG-1A), 1·20BF·14 

Prepared by: /Uf 1fe/1ft/"•'~"V' 11.s. Haerman 
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Approved by:•?,/' . .: · 'f'' r/1.-

M. V. Mal mus 

Date: 7.lv& 13 

Date: "iJ/' ;7 J ; 

Although t~fs stress report fs believed to be accurate, 
nothing contained herein shall be construed as establish
ing a warranty, express or implied. 
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ENGINEERING DEPARTMENT 

Section I 

1. Report S~mmary 
2. Type I Assembly Drawing 

l'll:l'OllT NO. 

Section II- Main Steam (Pl, P2) Computer Results 

I. Thermal Model Plot 
2. Stress Model Plot 
3. Material Property Data 
4. Thermal Results 
5. Steady State Thermal Stress Distribution 
6. Internal Pressure Stress Dfstrfbutfon 
7. Axial Unit Load Case 
8. Torsional Unit Load Case 
9. Shear Unit Load Case 
JO. Bending Moment Unit Load Case - left End 
11. Bending Moment Unit Load Case • Right End 
12. Nozzle Shear Unit Load Case 
13. Combined Stress Case 11 ( o. 8. E.) 
14. Combined Stress Case IZ (O.il.E.) 
15. Combined Stress Case 13 (0.8.E.) 
16. Combined Stress Case 14 (O.B.E.) 
17. Combined Stress Case #5 (D.B.E.) 
18, Combined Stress Case #6 (O.B.E.) 
19. Combined Stress Case 17 (O.B.E.J 

Section III - Feedwater (P3,P4) Computer Results 

1. Thermal Model Plot 
2. Stress Model Plot 
3. Material Property ~ata 
4. Thermal Results 
5. Steady State Thermsl Stress Distribution 
6, lnteral Pressure Stress Distribution 
7. Axial Unit Load Ca1e 
8. Torsional Unit Load Case 
9. Shear Unit Load Ca1e 
10. Bending Moment Unit Load Case - Left End 
11. Bending Moment Unit Load Case - Right End 
12. Nozzle Sh~ar Unit ~oad Case 
13. Combined Stress Ca1e #1 (O.B.E.) 
14, Combined Stress Ca1e #2 (O.B.E.) 
15, Combined Stress Ca1e #3 (D.B.E.) 
16. Combined Stress Ca1e #4 (0.8.E.) 
17. Combined Stress Ca1e 15 ( D.B.E.) 
18. Combined Stress Ca1e #6 (O.B.E.) 
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Report Summary: 

Introduction 

The following. when combined with the balance of ltems listed 
In the Index, constitutes the stress report on the two (2) 
flued head forgln~s configurations utilized In the Type I 
penetration p1pln9 assemblies for St. Lucie No. 1 (for•erly 
Hutchinson Island). All c1lculatlons for stress distributions, 
herein, were made using f1i1te element computer techniques. 
Descriptive data relative to the program and its verification 
is found ln Sectlon 1-3 an~ 1-4 of Report No. 71~83-5, 
previously submitted. 

Basic Approach 

For analysis purposes the flued head and attached pfp1ng model 
was assumed 1s shown below: l ••AO 

fTI/. strC 
SCA~ 
NO! 

c=::i:" ~"u111.I) 

l- ~! -~ .3·~ ~ -- --

,.,. ... 
tlloy 
I 1NSflLlf'f'•IJ 

,,,./ Cl : rw) 

~ 1
'
8

" t.,rrR 
" ~~,,. 

The external load combinations considered are shown below. 
These were specified by Ebasco tn a memo dated December 22, 
1972 an~ are assumed to act at the flued head centerline and 
can be produced by either the right or left hand process pipe 
lnthe w~rst combination stresswise: 

oa 

he rm a 
(D. B.E. 

• 

60 
60 

120 

1300 
100 

lOO 

450 
800 

450 

2 
3 

• 

.. _ 
@1Ull 1WNS ....... _....__ _,,_,, 
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ENGINEERING DEPARTMENT --71983-6 

MAIN STEAM 

oa 
MOMEN1 (FT.KIPS) 
(FT .KIPS) 
2560 q5o o 

120 100 1150 7 

• 
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ENGINEERING DEPARTMENT H:PORT NO. 71983-6 

FEEDVATER 
Load Combinations Axial Trans Bending Torsion Case 

(KIPS) (KIPS) Moment (FT.KIPS) NO, 

'thermal & "elsmlc 44 66 
(FT.KIPS) 
226 1o 1 

(O.B.E.) 19 79 320 10 2 
19 7~ 220 110 3 

'Ihermai & S'elsmlc 69 6 220 10 4 
(IJ.B.E.) 19 98 420 10 5 

19 98 220 210 6 

For the actual stress runs, the above loads were converted to 
statically eiuivalent loads applied to the ends of the analyti
cal model shown pre·riously. The actual loading data used is 
shc.wn be 101o1: 

Load ! 
KAIN STEAN (Pl, P2) 
2 l !!. 2. 6 7 

FR -120000 -40000 -40000 -200000 -4000C -40000 -
FL -120000 -40000 -40000 -200000 -40000 -40000 -
VL - 60000 60000 - 120000 120000 -
?~R -1200000 -156'l0001 -120000< - -1200000 -3000000! 1200 
~L -1200000 -12950001 1411000( - 408000C -21172000! 1200 
'IR -5400000 -5400000 -960000( - 51100000 -51100000 -1380 

TL -5400000 -540)000 -9600001 - 5400000 -5400000 -1380 
VII -27 ,273 -384500 -57280 - -87273 -741800 -2727'· 
PRESS 885PSIG 885PSIG 885PSic 885PSIG 885PSIC 885PSIG 885PS 
~., 1 
IBER:~ALf 520°F s2o•F 52o•p 520°p 520°F 520°F 520°Fi 

I 

• 
@!!!.'..!!!!5-
9- '· -

ENGINEERING DEPARTMENT ltCPOWr NO. 7 ::_ ~ ~ 3-t 

PEEDWATER (P3, P4) 

LOAD ! g_ 1 4 2. §. 
. --· - •. ·-·. --·--·------ ---··--·· ... ·-- . ---· --------

FR -~4000 -19000 -19000 -59000 -19000 -19000 

FL -~4000 -19000 -19000 -59000 -19000 ·190CO 

VL 6C,OOO 79000 79000 6~000 96000 9eocc 
MR -2640000 -3840000 -2640000 2540000 -5040000 -2640000 

ML 0 -364000 836000 0 -728000 16720CO 

TR -120000 -120000 -1320000 -120000 -120000 -252CC20 

TL -120000 -120000 -1320000 -120000 -120000 -252GOC~ 

VN -soooo -126770 -99500 -~0000 -163550 -109000 

PRESS 1C50PSIG 1050PSIG 1050PSIG 1~50PSIG 1050PSIG lCSOFS:il 

S.S. 4~o°F 440°F 44o0 p 
Thermal 

4~0°F 4ll0°F 440°F 

The nomenclature and sign convention for the above is as 
follows: 
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ENGINEERING DEPARTMENT ltal'Oln'NO. 71963-6 

PR • Axial load rt. end of process pipe (lb.) 

PL • Axial load 1eft end of process pipe (lb.) 

VL • Transverse load left end of process pipe (lb.) 

MR • Bending moment r~ght end of process pipe (in.lb.) 

~L • Bending moment left end of process pipe (in.lb.) 

TR • Torsional moment right end of process pipe (in.lb.) 

TL • Torsional moment left en~ of process pipe (in.lb.) 

v11 • Transverse load outer nozzle (lb.) 

To arrlve at the final product a set of unit run cases was 
produc~d followed by a set of combination routines using 
appropriate multjpllers. 

It sho~ld be noted pipe rupture ccnditions and the balance 
cf major penetration colll()onents have been evaluated in Reports 
71983-1 and 71983-4. 

' Swr.r.tarz of Results 

The results or the two (<)analyses are summarized below: 

Mair. Ste811 (Pl, P2) 

Combination Max.Stress Stress AllowablE 
Intensity( PSI) Location ~p: 

l 26203 E1'90-Head Body 611U 
I.D. Left Side 

2 36732 Ell62 O.D. Left 61060 
Process Pipe Hub 

3 25806 EU90 Head Body 61141 
I.D. Left Side 

4 26110 E1190 Head Body 6UIH 
I.D. Left Side 

• • 

.. _ 
~

'IUll TUINI ---------·.~ 

ENGINEERING DEPARTMENT 
•-- 719S3-

MAIN STEAM (Pl 1P2) 

Combination Mu. Stress Stress Allowabl• 
Intens1t~(PSI~ Lo:ation Stress ( p;j!) 

5 25950 E1190 Head Body 61141 
I.D. Left Side 

6 57626 Ellll4 O.D. Left 61442 
Process Pipe Hub 

7 25338 EH90 Head Body 611U 
ID Left Side 

FEEDl(ATER (PJ,P4) 

1 32205 ElllOO Head Body 60520 
I.D. Left Side 

2 34763 ElllOl Head Body 60473 
I. D. Le ft Side 

3 31736 El#lOO Head Body 6C520 
I.D. Left Side 

4 32964 El#LOl Head Body 60473 
I.D. Left Side 

5 36166 ElllOl Head Body 60473 
I.D. Left Side 

6 31944 El#lOO Head Body 60520 
I.D. Left Side 

• 
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A.     INTRODUCTION 
 
This report is a summation of analytical work which was performed to review the structural 
adequacy of the reactor support system for St. Lucie Unit 1. The study was undertaken when 
increased reactor support loads and reactor pressure were determined from the use of more 
sophisticated multi-nodal pipe break analysis.  Refined, more sophisticated thermal analysis 
techniques were used to study other design conditions including "loss of cooling fans." 
 
The analysis performed in this study is based on an analytical representation of the support 
structure and the effects of the various physical parameters, such as temperature, applied loads 
and pressures, on the structure.  The analytical work used established computer analysis methods. 
 All parameters were based on an evaluation of relevant conditions within the containment. 
 
The results of analyses determine that the reactor support system, consisting of the steel beam-
column assembly and concrete primary shield wall will withstand the combination of loads 
postulated for the plant design and that the support deformations are within allowable limits.  
Specifically, it demonstrates that the reactor cavity and reactor support system can accommodate 
the highly unlikely pipe ruptures postulated concurrent with maximum seismic loadings. 
 
With regard to the recently defined loads (NRC letter to FP&L of November 28, 1975) on the 
reactor supporting system resulting from asymmetric loads on the core barrel subsequent to a 
postulated guillotine break at the cold leg nozzle the applicant will perform an analysis of the 
reactor vessel support system.  This load will be analyzed in conjunction with the previously 
analyzed pipe reaction and external pressure vessel asymmetric loads to: 
 
   (1)  determine the loads in the reactor vessel support system 
  
  
   (2)  evaluate the full restraint capability of the support system 
  
  
   (3)  compute the safety margins of the support system. 
  
  
This analysis will be completed as expeditiously as practicable.  Our current schedule indicates a 
completion date of August 1977.* 
 
 
 
 
 
_________________________________ 
* 
 A report entitled "Reactor Support System - Evaluation of Margins" (See Reference 1) was 

transmitted to the NRC assessing the margin in design of the vessel supports when the 
internal asymmetric loads are added to all previous loads.  The report concluded that the 
supports would adequately withstand all the loadings.  See Section 3.6.3.1. 
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B.      GENERAL DESCRIPTION 
 
B.1. Analysis 
 
The original analyses and design of the reactor support structures were based on criteria 
established for loading conditions, thermal limitations, and allowable stress levels.  Conservative 
traditional stress analysis methods were utilized for the designs which were completed in early 
1972.  The outline of the resulting concrete and steel structures are shown in Figures 3H-1 and 2. 
As an integral part of the design, reactor support cooling system was designed to provide direct 
cooling to the support girders.  A reactor cavity cooling system provides cooling for the reactor 
cavity area in general.  Both ventilation systems are described in Section 9.4. 
 
B.2 Reactor Support Structure 
 
The reactor is supported at three points on a steel girder-column assembly within the reactor cavity. 
 The ends of the girder are embedded in the 7 ft - 3 in. thick concrete primary shield wall.  The 
column is bolted to the underside of the girder and to the reactor cavity floor.  The support 
arrangement is shown in Figures 3H-1 and 2. The other points of support for the reactor system are 
at the steam generators. 
 
Load transfer between the reactor system and the reactor support occur between the support shoe 
which is welded to the reactor nozzle and steel bearing plates designed into the top of the steel 
support girder.  The support shoe is free to slide in a direction longitudinally along the axis of the 
nozzle and only a frictional load is transmitted to the support structure in this direction.  In the 
transverse direction, steel plates at the top of the girder take load from the shoe in direct bearing.  
Downwardly acting loads are transmitted directly into the supporting girder. 
 
The reactor support loads associated with the various critical loading combinations are shown in 
Figures 3H-3,4 and 5. The loading combinations are described in Section C. 
 
The arrangement of the reactor building internal concrete is shown in Figures 3H-6 and 7. The 
internal structure consists of a 33 ft thick section of mass concrete which rests atop the 10 ft thick 
reactor building mat.  The reactor cavity extends about 21 ft into the mass concrete section.  Above 
this, a 7 ft - 3 in. thick concrete primary shield wall surrounds the reactor.  This wall continues up to 
the operating deck and forms a part of the refueling canal wall.  The reactor support beams are 
embedded into the primary shield wall about 5 ft above the top of the mass concrete. 
 
B.3 Ventilation Cooling Systems 
 
B.3.a Reactor Support Cooling System 
 
The reactor support cooling system ventilates the reactor support girders so that the interface 
temperature between girder and concrete does not 
 
 
 
 
 
 3H-2 
  



 

 

exceed 120°F during normal operation.  The reactor support leg face temperature is 300°F. The 
reactor support cooling system ventilates the reactor support girders and removes heat which is 
transmitted from the reactor support shoe. 
 
Ventilation pipes disperse air at selected points over the girder to maintain an acceptable 
temperature gradient along the girder length and restrict the vertical thermal growth of the 
supporting steel work for reactor vessel to 3/16 of an inch relative to steam generator sliding base 
support.  The ventilation scheme is shown in Figure 3H-8. 
 
B.3.b Reactor Cavity Cooling System 
 
The reactor cavity cooling system ventilates the annular space between the reactor vessel and 
primary shield in order to limit concrete temperature to 150°F during normal operation. 
 
The duct system works as follows: a duct connection from the containment ring header conveys 
cool air at 105°F to the inlets of two 100 percent capacity redundant fans.  The fans discharge this 
air through a connecting duct to a ring header at the bottom of the cavity.  The air supplied from 
outlets on this header sweeps upward through the annular reactor cavity to the containment 
operating floor.  Refer to Figure 3H-8. 
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C. LOADS AND LOADING COMBINATIONS 
 
The loading combinations listed in Section 3.8.3.3.2, "Loading Combinations," were used in the 
analysis of the reactor support system.  These load combinations, established for the design in 
1969, are essentially identical to those outlined in Enclosure 2, "Structural Design Criteria for 
Evaluating the Effects of High Energy Pipe Breaks in Category I Structures Outside the 
Containment," forwarded to the Applicant via AEC letter dated August 29, 1973.  The critical 
loading combination (LOCA + DBE) is identical. 
 
Each loading combination is used to determine a final load for the design of a particular structural 
element.  The actual design is based on the highest final (critical) load determined via these 
combinations.  After inspection of all load combinations, analyses were performed for the loading 
combinations listed hereinafter. 
 
C.1 Concrete Structures 
 
C.1.a Loading Combinations 
 
The reactor support system is designed to withstand the effects of normal operation, design basis 
earthquake, and maximum credible accidents (including LOCA). 
 
The following loading combinations have been used in the analysis of the concrete primary shield 
wall: 
 
   a) Normal operating, steady state (120° F) 
  
   U = 1.5 (D+L' + A + T) 
  
   b) Normal operating, steady state with OBE 
   
   U = 1.5 (D+L' + A + T1) + 1.5 (OBE) 
  
   c) Normal operating, start-up transient (70° F to 120° F) 
  
   U = (D+L' + A + T2) 
  
   d) Loss of coolant accident (LOCA) during the steady state condition (blowdown  
  transient) with DBE. 
  
   U = T1 + 1.15 (D+L' + A + P + Q + DBE) 
  
   e) Post-LOCA (post blowdown) 
  
   U = D+L' + A + T3 
  
   f) Loss of fans during the steady state condition (120° F) 
  
   U = D+L' + A + T4 
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 g) Loss of fans during initial start-up (70°F to 120°F) 
  
   U = D+L' + A + T5 
  
 where 
 
     U = The ultimate strength of the concrete  structural components  
    required to resist the factored loads listed in (a) to (g). 
  
   D = Dead load consists of the dead weight of the re- 
     actor building internal structure, the weight of 
     structure steel and miscellaneous building items 
     within the containment vessel. 
  
   A = The pipe or equipment anchor loads are the  loads 
     exerted upon the various structural elements in the reactor 
    building internal structure by the pipe or equipment restraints 
    for normal thermal expansion of the various piping systems. 
  
   T1 = Moments and forces caused by the temperature  
    distribution during normal operating, steady state condition. 
  
   T2 = Moments and forces caused by the temperature ef- 
     fects during initial transient for start-up to 
     operating power conditions. 
  
   T3 = Moments and forces caused by the temperature ef- 
     fects during a post-LOCA condition. 
  
   T4 = Moments and forces caused by the temperature ef- 
     fects subsequent to a loss of fans is assumed to 
     occur during the steady state condition. 
  
   T5 = Moments and forces caused by the temperature ef- 
     fects subsequent to a loss of fans during initial 
     start-up. 
   
     OBE  = Moments and forces caused by an operating basis  
    earthquake. 
   
   DBE  = Moments and forces caused by a design basis earthquake. 
   
   Q  = These are the loads exerted upon the reactor building internal  
    structure by a pipe or a piece of equipment as a result of a  
    postulated LOCA or steam line break accident. 
   
     P  = Pressure loads within the primary shield area, including jet  
    impingement, resulting from a loss of coolant accident.  The  
    accident is assumed to occur during the steady state temperature  
    condition. 
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    The peak pressures resulting from the multi-nodal analysis are 
    used.  These peak pressures result in a maximum pressure  
    differential across the cavity; an axisymmetrical pressure  
    distribution is not assumed. 
  
   L' = The dead weight of the various pieces of equipment, including  
    water, steam or the other enclosed fluids, supported by the reactor 
    building internal structure. 
  
Forces transmitted from the reactor coolant system to the reactor supports and resulting from L', A, 
Q and DBE are based on the critical loads shown in Table 3H-1.  The accident loads listed in Table 
3H-1 include a dynamic factor of 2, normal operating loads and maximum seismic loads.  The 
direction of the seismic forces included in each accident load was chosen to result in the largest 
load at each component.  Although "A" is a normal operating load, it has been used for loading 
combinations (a) through (g).  Temperature distributions in the reactor support system caused by 
loads T1, T2, T3, T4, and T5 are listed in Attachment 1.  
 
Pressure loads, P, are based on Unit 1 FSAR, Revision 36, Figures 6.2-18a to 6.2-18r, 6.2-19a to 
6.2-19r, 6.2-20a to 6.2-20r. 
 
C.1.b Acceptance Criteria 
 
The acceptance criteria given in Section 3.8.3, "Containment Concrete Internal Structures and 
Seismic Category I Structural Steel," is applicable to the analysis work just completed on the 
reactor support system with the following exception for concrete: 
 
Section 1503 of ACI 318-63, wherein tensile strength of concrete in flexual members is neglected, 
has not been followed in this analysis.  Instead, the tensile capacity of the concrete has been 
included in the analysis of the cavity wall as follows: 
 
The primary shield wall is 7 feet - 3 inches thick.  The reinforcing arrangement consists of 
horizontal hoop reinforcing and vertical reinforcing in both faces of the wall in addition to layers of 
hoop reinforcing and a layer of transverse reinforcing provided under the sleeves provided for the 
six primary pipe lines.  Additional vertical reinforcing, including ties, are carried between the 
penetrations.  The reinforcing arrangement is shown in Figures 3H-9, 10 and 11. 
 
Interior areas of the wall which are not reinforced are analyzed by the comparing maximum 
principal stresses against an envelope of limiting stresses defining failure of plain concrete.  This 
envelope is based on Mohr's Theory of Failure and is shown in Figure 3H-12.  Overstressing is 
considered to have occurred when the Mohr's circle for an element, as defined by its principal 
stress output from the finite element analysis, exceeds the Mohr's failure envelope.  When this 
occurs, the element is considered to have cracked.  This cracked element is inputed in the finite 
element model, and the analysis is rerun.  Because of the partially cracked finite element model, 
the rerun results in a new stress distribu- 
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tion which could result in new overstressed elements.  The new overstressed elements are 
"cracked" and the model rerun. 
 
Except as indicated above, all other criteria were based on ACI 318-63.  The use of ACI 318-63, 
"Building Code Requirements for Reinforced Concrete Structures" is a standard code, accepted 
and used industry wide. 
 
The use of an allowable tensile stress in plain concrete has been extensively studied and 
documented, and is recognized by various national engineering committees such as the American 
Concrete Institute.  The criteria used in this analysis were derived principally from information 
provided in the publication "The Shear Strength of Concrete Members," prepared by the Joint 
ASCE-ACI Task Committee 426, from information contained in ACI Monograph No. 6, "Hardened 
Concrete: Physical and Mechanical Properties," and from ASCE Structural Division Paper 3036, 
"Strength of Reinforced Concrete Beams" by Signey Guralnide. 
 
In addition, Splitting Tensile Strength (ASTM C-496), Modulus of Rupture (ASTM C-78) and 
Modulus of Elasticity (ASTM C-469) tests were made for the design concrete mix used for the 
primary shield wall.  These test results confirm the allowable tensile strength used in the analysis 
and are in agreement with other test results documented in the above mentioned literature.  The 
test results are shown in the attached Pittsburgh Testing Laboratory report dated 2-20-75. 
 
The Mohr's failure envelope was developed as follows: 
 
The Mohr's failure envelope is a curve as shown in Figure 3H-12 of the Mohr's stress design. 
 
The curve is tangent to the Mohr's circle representing the stresses of the unconfined compression 
test (ASTM C-39) and the Mohr's circle representing the stresses of the tensile splitting test (ASTM 
C-496). 
 
The maximum principal stresses are determined as follows: 
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The curve (failure envelope) has been fitted to these two circles graphically; the results are shown 
in Figure 3H-12. 
 
C.2       Steel Structures 
 
C.2.a     Loading Combinations 
 
The following loading combinations have been used in the analysis of the steel beam-column 
assembly: 
 
   a) Normal operation 
   W = D+L' + T1 + OBE + A 
  
   b) Loss of coolant accident (blowdown transient)  
  W = D+L' + T1 + DBE + A + Q 
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     c) Post-LOCA (post blowdown)  
  W = D+L' + A + T3 
  
  d) Loss of fans 
   W = D+L' + A + T4 
  
where 
  
   W = The total loading applied to the steel beam-column 
    assembly. 
  
  D+L'  =  Dead loads including the forces transmitted from 
    the reactor coolant system to the reactor support 
    system. 
  
  A    =  Concentrated forces due to temperature effects 
    transmitted from the reactor coolant system to 
    the reactor supports. 
  
  T1   =  The temperature distribution during normal oper- 
    ating condition. 
  
  T3   =   The temperature distribution during a post-LOCA. 
  
  T4   =  The temperature distribution subsequent to a break- 
    down of fans. 
  
  DBE  =  Forces caused by a design basis earthquake. 
  
  OBE  =  Forces caused by an operating basis earthquake. 
  
  Q    =  Concentrated forces acting on the reactor support 
    system and caused by a postulated pipe break. 
  
  Note:  Examination of the differential pressure outputs 
    of the multi-nodal analysis shows that the loads 
    imposed on the steel structures due to P are on 
    the order of 50 kips.  This magnitude is negligible 
    in comparison with the other loads considered in 
    the LOCA case (several thousand kips) and thus P 
    was not included. 
   
Forces transmitted from the reactor coolant system to the reactor supports and resulting from L', A, 
Q and DBE are based on the critical loads shown in Table 3H-1.  The accident loads listed in Table 
3H-1 include a dynamic factor of 2, normal operating loads and maximum seismic loads.  The 
direction of the seismic forces included in each accident load was chosen to result in the largest 
load at each component.  Although "A" is a normal operating load, it has been used for loading 
combinations (a) through (d).  Temperature distributions in the reactor support system caused by 
loads T1, T3 and T4 are listed in Attachment 1. 
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The above loading combinations have been evaluated for both the start-up transient and steady 
state conditions. 
 
C.2.b     Acceptance Criteria 
 
Normal and maximum allowable stresses have been used as permitted by A.I.S.C. These stress 
allowables are shown in Table 3H-2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  3H-10 



 

 

D  ANALYSIS 
 
Analyses have been performed separately for the steel beam-column assembly taken as an 
independent frame and subjected to the various loading conditions described previously, and for the 
entire reactor support system comprised of the lower mass concrete, primary shield wall and steel 
beam-column assembly and similarly subjected to the various loading conditions described. The steel 
beam-column assembly analysis as described in Section D.2 is based on the conservative 
assumption that the beam is fully restrained from thermal expansion in all loading conditions 
considered. In other words, a thermal design load is utilized in the steel beam-column analysis for a 
fully restrained (no movement) beam based on temperature increases above the assumed 70 F "as-
built" temperature. The concrete primary shield wall analysis as described in Section D.1 below is 
also based on a 70 F "as built" temperature, but incorporates the thermal responses of the various 
individual components comprising the reactor support system. Because of the differing approach 
used in the two analyses, the results should not be construed as being interchangeable. However the 
conclusions as to the adequacy of these parts of the support system are supported by the analyses 
performed the differing approaches notwithstanding. 
 
D.1  CONCRETE PRIMARY SHIELD WALL 
 
D.1.a  Operating Conditions 
 
The analysis was performed for steady state and transient conditions described in Section C. The 
steady state condition is the condition that will be attained within the containment following start-up 
and initial operation of the reactor. The steady state condition incorporates the thermal movements 
that will occur as a result of a gradual heating of the containment. In other words, the steady state 
condition is the normal condition. 
 
The transient conditions which are considered all involve a start-up of the reactor after a period of 
extended cold shutdown (in excess of two weeks) wherein the containment is assumed to have 
cooled to an ambient temperature of 70 F. Under this condition, maximum temperature differential 
effects will exist between the steel support system and the primary shield wall. Thus, the transient 
conditions involve reactor start-up from 70 F to full power, operation at full power with loss of cooling 
fans and concrete at 70 F. These conditions are analyzed to determine limiting design conditions and 
are not expected to occur in the actual operation of the reactor. 
 
D.1.b  Computer Modeling 
 
To analyze for these various conditions, the interaction of both the steel support system and the 
associated concrete elements had to be taken into account. 
 
To determine this interaction, a finite element analysis was made using the STARDYNE 3 computer 
program. Several models were used to determine 
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the effects that temperature change, imposed external load and geometry would have on the total 
reactor support system. An isometric section of a segment of the reactor internal structure and the 
corresponding models is shown in Figure 3H-13. The main finite element model was a two (2) 
dimensional horizontal model (see Figure 3H-14) used for determining the stresses in the reinforced 
concrete primary shield wall caused by the logos from the steel supports for the reactor as well as 
pressurization loads. A finite element two dimensional vertical model (see Figure 3H-15) of the 
primary shield wall and a finite element two dimensional horizontal model of the foundation mat for 
the primary shield wall (see Figure 3H-16) were developed to determine the spring values and 
thermal deformations to be used as input data for the main finite element horizontal model to simulate 
the three (3) dimensional effects. 
 
Vertical Model 
 
Figure 3H-15 shows the vertical finite element model of the lower containment internal structure 
which provides support to the reactor and other nuclear steam supply system components located in 
the containment. This model is used to determine the movement due to temperature changes in the 
mass concrete section from the base mat to the floor at elevation +18. 
 
Temperature distribution through the concrete representing maximum operating conditions is shown 
in Figure 3H-15. The temperature gradient is based on a straight line gradation between the internal 
concrete surfaces at 1200F and the exterior concrete surfaces at 700F. For the lower mass concrete 
section, all exterior surfaces are below grade. 
 
The 1200F interior temperature is the maximum operating temperature expected; the 700F exterior 
temperature is the soil and/or ground water temperature. Thus, the elements of this vertical finite 
element model are subjected to an increase in temperature above the "as built" temperature of 700F. 
Expansion will occur in the mass concrete section due to the temperature increase. 
 
The expansive movement will be in a direction radially outward and upward as dictated by the 
boundary conditions shown in Figure 3H-16. Note that no radial expansion is permitted at the center 
of the mass concrete from the base mat to the bottom of the cavity (elev -3) because the base is a 
solid circle. Above the bottom of the cavity, the geometry of the lower mass concrete changes to a 
thick ring wherein radial expansion is restrained by a so-called "ring action." 
 
To-account for the "ring action" on the radial expansion of the thick ring section, 4 springs were 
determined at 4 different levels from 4 horizontal models and added to the vertical model (see Figure 
3H-16). 
 
The horizontal model used to determine the spring constant is shown in Figure 3H-17. Note that the 
boundary conditions of the model permit only radial movement. Also, the external forces acting on the 
modeled segment of the thick ring are an internal radial load applied to the inside face of the cavity at 
each node point, springs representing the 
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soil reaction on the exterior of the shield building and the "hoop" forces resulting from a radial 
movement of the segment of the thick ring. 
 
The spring constant value to be used in the vertical model is determined as follows: 
 
The force applied inside the cavity, "P", results in a radial deflection of each node point, "Δ". The 
spring constant "Kr" is determined by dividing the applied force "P" by the resulting radial deflection 
"Δ". 
 
Thus, the vertical finite element, incorporating the features discussed above, was used to determine 
the radial expansion or contraction of the lower mass concrete section due to changes in 
temperature. The movement affects the primary shield wall and the steel beam-column assemblies 
supporting the reactor. 
 
Main Horizontal Model 
 
The main horizontal model represents the primary shield wall (above elev +18) and steel beam-
column assemblies supporting the reactor. The finite element model is shown in Figure 3H-14. The 
thermal response of the lower mass concrete supporting the primary shield wall, as determined from 
the vertical model, is factored into this main horizontal model as follows: 
 
Each node point of the main horizontal model is connected to an "equivalent beam." The "equivalent 
beam" is proportioned in terms of the structural properties of cross-sectional area, length, modulus of 
elasticity, and stiffness so as to reflect the response of the lower mass concrete into the nodes of the 
main horizontal model. The "equivalent beam" provides a means of simulating the effects of the 
thermal movement of the lower mass concrete, torsional effects within the primary shield wall due to 
unsymmetrical loads and the restraining effect the lower mass concrete has on the primary shield 
wall when subjected to pressure loads. 
 
The "equivalent beam" is determined by the following steps: 
 
a) Set the equivalent beam material and beam length: 
 
  Beam material:  steel  a = 0.0000065 = (Coef of Expansion) 
 
  E = 29,000 ksi 
 
  Beam length:  set it equal to 0.5 or 1 ft in geometry 
 
b) Assume that this equivalent beam can only resist axial and shear forces, no bending or 

torsional moments can be resisted by this beam. Therefore, all moments of inertia and 
torsional constant are equal to zero, only cross-sectional areas and beam shear shape factor 
have to be determined. To include temperature effect, the temperature change in equivalent 
beam has to be determined. 
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c) The cross-sectional area of equivalent beam is set so as to reflect the radial spring constant  
K r 

 
 
 
 
 where K r = radial spring constant (see explanation in Section F) 
 
  l = assumed beam length 
 
   E = 29,000 ksi 
 
d) Shear shape factor of equivalent beam is utilized to represent tangential spring (torsional 

restraint) on the primary shield wall to resist unsymmetrical loading. It is obtained as follows: 
 
 Set   
 
 
 
 where Kt = is tangential spring (see explanation in step F) 
 
  G = shear modulus 
 
  A = cross-sectional area, from Section C 
 
  l = beam length 
 
  S = shear shape factor of beam 
 
 For steel, G = E     
             2.5 
 
 
 Thus  
 Since Kt and Kr are known, S can be found. 
 
e) Since the beam can be subjected to temperature change, set beam temperature to represent 

the radial movement, "d", at the main horizontal model due to temperature change in the 
mass concrete section from the base mat to the floor at Elev +18., i.e., to drop temperature 
ΔT in beam to represent the pulling-out effect due to temperature increases in bottom mass 
concrete section. 

 

 Δ = 
la
d

 

 
 where: Δ = temperature change (or drop) in equivalent beam 
 
  l = equivalent beam length 
 
  a = 0.0000065 
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   d =  is the movement at Main Horizontal Model due to temperature change in 
mass concrete section from the base mat to the floor elevation +18. (See 
explanation in Vertical Model.) 

 
f) Before finding cross-section area, shear shape factor and temperature change of 

equivalent beam, the radial spring constant Kr and tangential spring constant K t have 
to be determined. 

 

      Kr is the radial spring constant which represents the 
 radial movement restraining effect of the lower 
mass concrete on primary shield wall. By using the 
vertical model, displacement r in the main horizontal 
model due to Pr force applied on same location is 
found by: 

 
 
 
 
 
      Kt is the tangential spring constant which represents 

the torsional restraining effect on primary wall.  It is 
obtained as follows: 

      T = PtRavg 
 
      Φ = T L 
            J G 
 
      Δ = Ravg Φ 
 
      Kt = Pt =  T   =  J G  
             Δt     RavgΦ    Ravg

2 L 
 
 
      where 
       
        
 T    = Total resisting torsional moment 
 
      Pt   =  Imaginary applied tangential force 
 
       Δt     =     Tangential displacement due to Pt 
       
      L    = Effective shaft length 
 
      J     = Polar moment of the inertia 
 
      G    = Shear modulus 
         
      R avg = Average radius in primary shield wall 
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Stardyne Analysis System 
 
The STARDYNE Analysis System consists of a series of compatible digital computer programs 
designed to analyze linear elastic structural models. The system encompasses the full range of static 
and dynamic analysis. These programs provide the analyst with a sophisticated, structural dynamical 
analysis system. 
 
The STARDYNE system is used to evaluate problems such as the computation of structural 
deformations and member loads and stresses caused by an arbitrary set of thermal, nodal applied 
loads and/or prescribed displacements. 
 
The basic concept of the "Finite Element" method is that every structure may be considered as a 
"mathematical" assemblage of individual structural components or elements. There must be a finite 
number of such elements, interconnected at a finite number of nodal points. The behavior of this finite 
element structural model will closely approximate the behavioral characteristics of the real structure. 
 
D.1.c  Assumptions 
 
Below is a list of the primary assumptions used in the analysis of the concrete primary shield wall: 
 
a) The analysis assumes all materials remain within their elastic limits, i.e., there is a linear 

relationship between stresses and strains and plane sections remain plane within the limits of 
loading. 

 
b) The thermal expansion of the mass concrete section resulting from the heating of the 

containment is based on a linear distribution of temperature from the internal concrete 
surfaces to the exterior of the shield building. 

 
c) The maximum allowable principal tension is equal to 7.5 cf '  or 530 psi for the concrete. 
 
d) Unless otherwise stated, a constant modulus of elasticity is assumed throughout the 

concrete. 
 
e) Axial loads from the steel support beam are transferred into the concrete at the two vertical 

stiffeners and end plate. No allowance for bond between the steel beam and concrete is 
made. 

 
f) Unless otherwise noted, no allowance for the effects of creep is made. 
 
g) Only the horizontal hoop reinforcing is included in the model. Vertical and transverse 

reinforcing is not included. 
 
h) No increase in allowable stresses is considered for short duration loads. 
 
 
 
 
 
 
 
 3H-16 



 

 

D.1.d  Results 
 
The output for the main horizontal model is in terms of forces, moments, deflections, and principal 
stresses for the nodes or elements of the model. In addition, complete stress plots were developed to 
show the stress patterns throughout the primary shield wall. The significant forces and deflections for 
the various loading conditions are shown in Figures 3H-18 through 3H-23. The stress plots are 
shown in Figures 3H-24 through 3H-28. 
 
For the steady state cases, using the load combinations indicated above, no overstressing of 
concrete occurred. Also, the maximum lateral movement of the reactor support was within allowable 
limits. 
 
For the transient conditions, normal operating condition results in stresses within allowable limits. 
However, load condition (g) of Section C.1 results in tensile stresses in excess of the allowable. 
Another loss of fans analysis was run reflecting a concrete temperature of 90 F. This case resulted in 
3 elements overstressed in tension. This case was rerun with the overstressed elements "cracked"; 
the results of the "cracked" model showed crack termination. For this condition, no loss of function 
will result because the load is relieved by additional deformations that will accompany the higher 
stresses; that is, the load is self relieving. A total deformation of 3/16 inch will relieve the entire load. 
 
Below is a list of items which make the analysis conservative: 
 
a) The maximum containment air temperature, 120 F, was used in design. Lower air 

temperature will result in less differential thermal stress between steel beams and concrete 
walls. 

 
b) The concrete strength used in the analysis is the design strength 5000 psi. Actual concrete 

strength at 28 days averaged 6800 psi with a minimum of 6300 psi. 
 
c) No account has been made in the finite element model for transverse or vertical reinforcing. 
 
d) No allowance has been made for the effects of creep. 
 
e) The 70 F concrete temperature is a limiting design temperature and is not expected to be 

reached during the life of the plant. 
 
D.2 STEEL BEAM - COLUMN ASSEMBLY 
 
Analysis of the steel portion of the reactor support structural (horizontal girder and vertical column) 
was performed using the CDC STARDYNE finite element computer program. In this analysis, the 
structure was idealized in three dimensions using quadrilateral and triangular plate elements capable 
of carrying both inplane and bending loads (see Figure 3H-29). The ends of the girder were 
restrained against translations in the vertical and two horizontal directions, and the column base was 
restrained vertically at anchor bolt locations. 
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Analysis was performed for the load combinations presented in Section C.2. Each load condition 
consists of thermal and mechanical loads. Temperature loads were applied to each finite element to 
represent the thermal load distribution determined by Attachment 1. Concentrated forces were 
applied at discrete points on the finite element model to represent the mechanical loading in the 
vertical direction, and in the horizontal direction parallel to the girder. 
 
Element stresses and displacements throughout the structure were determined from this finite 
element analysis. These element stresses and the vertical displacement at the girder centerline were 
modified to include the effect of vertical concrete movement, and then compared with the allowable 
values of stress and displacement. A summary of these comparisons is presented in Table 3H-3. 
Stresses and displacement do not exceed allowable values as indicated in Table 3H-2. 
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E.   CONCLUSIONS

The reactor support system will withstand the combination of loads postulated in Section C and
support deformations are within allowable limits.  The overstressing condition identified in the
application of load combination 'g' would result in additional concrete deformations.  These secondary
deformations would reduce the thermally induced loads caused by the heating up of the steel beam-
column assembly and would result in movement of the reactor supports of less than 3/32 inches.  This
would not result in an adverse effect on the primary piping.  This condition is considered acceptable
from a safety standpoint.  Therefore, the reactor support system can accept all design loading
conditions postulated.

F.  THERMAL SHIELD REMOVAL AND CORE SUPPORT BARREL REPAIR EFFECTS

The removal in 1984 of the reactor thermal shield from the St. Lucie 1 reactor vessel will produce an
increase in the radiation level in the reactor cavity area, and consequently in the temperature.       
Temperature increases in both the primary shield wall concrete and the steel reactor support structure
will be experienced.

Extensive analysis have been performed to determine the effects of various thermal loading
conditions in combination with the other loads imposed on the reactor support structure.  It was
recognized that the removal of the reactor thermal shield necessitated a reinvestigation of some of
these previously evaluated cases in order to demonstrate that the earlier conclusions as presented in
Sections "A" through "E" are not altered by the present modification.

The earlier analysis had indicated that two loading cases were particularly critical from the structural
point of view.   The LOCA condition, presented as combination C.1.a(d), when later modified by the
addition of the North Anna Syndrome loads developed by Combustion Engineering (CE) represented
the worst loading case for the concrete primary shield wall structure.  The appropriate temperature
distribution for this condition is the normal operating steady state condition.  This loading case also
resulted in some local yielding of the steel reactor support girder, however, this was considered minor
and not warranting re-evaluation for the present investigation.

What was considered critical for the steel girder-column assembly was the vertical deformation, which
could potentially impact on the CE stress analysis for the reactor coolant piping.  This parameter was
clearly sensitive to changes in the thermal distribution.  The appropriate loading combination was the
loss of fans condition, presented as combination C.2.a(d).   The minimum required operating fans
consist of a sufficient number of containment fan coolers to maintain containment atmosphere
temperature ≤120oF, 1 of 2 reactor cavity fans, 1 of 2 CEDM cooling fans and 1 of 2 reactor support
cooling fans.  That condition was later modified and re-evaluated by allowing the time for operator
action following fan failure to increase from 15 minutes to 45 minutes.  If the minimum required
operating fans can not be restored within 45 minutes, operator action to trip the reactor is required.  It
is this latter case that was considered in the present analysis.

This analysis presents the evaluation of two cases: (1) the combination of the new thermal loads with
the previously evaluated North Anna Syndrome loads and load, equipment, subcompartment pressure
and seismic loads; (2) the vertical growth of the steel girder-column assembly under thermal
conditions generated by a loss of fans in combination with the new radiation heating conditions.
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F.1  ENERGY DEPOSITION RATE

Removal of the reactor thermal shield increases the radiation level in the reactor cavity area,
and consequently, the temperature. CE calculated the new energy deposition rate radially
outward from the reactor vessel in the reactor cavity, and a partial distance into the primary
shield wall concrete at the elevation of the reactor core centerline.  A deposition rate in the
reactor vessel support column was also determined.

 Ebasco estimated the vertical energy deposition rate profile in the support column based on
measured Unit 1 neutron flux data in the cavity.  Assuming the energy deposition rate will fall
off in the same manner as the measured fast neutron flux moving up or down from the core
centerline, the approximation is made that the deposition rate will decrease from 1.3x 10-3

w/cm3 in the support column at the centerline, to 2.9 x 10-4 w/cm3 at the top and bottom of the
core (a factor of 4.5 decrease). These energy deposition rates became source terms for the
thermal analysis portion of the study.

F.2 THERMAL ANALYSIS

The effect of the enhanced radiation heat load on temperatures in the reactor vessel supports
and the primary shield wall is examined using several simplified heat transfer models. The
results show a peak temperature in the primary shield wall concrete of 1480F at the elevation
of the core midplane and about one-half foot into the wall, reflecting the influence of the input
radiation heat load.  Similarly the vertical reactor vessel support leg shows a peak
temperature of 1410F at the elevation of the core midplane, falling to a steady 1240F below the
core.   Above the core midplane a similar temperature gradient is seen until the  elevations
where the influence of the reactor leg is felt.  As the top of the horizontal vessel support is just
above the top of the core the temperature over the previous detailed transient heat transfer
studies was used as the basis of the temperature distribution for the transient conditions
examined in the structural analysis.

Two models were constructed for analysis by the heat transfer code HEATING5.  The heat
load derived for the CE data was placed in: (1) a two dimensional model of a section of the
primary shield wall; and, (2) a model of the vertical support leg and concrete below the leg.   
It was seen in the previous heat transfer studies that the influence of the RV leg on the
support was restricted to the area immediately around the interface between the support and
the shoe.  The elevation dependence of the heat load will then impose the greatest loads
below this elevation, within the vertical support leg.

 To study this effect a detailed model of the vertical support leg was constructed and the heat
load imposed as a function of elevation.  Convective heat transfer to 1200F air was assumed
on exposed surfaces with a coefficient of 0.85 BTU/hr-ft2-0F.    Radiation to a 1500F surface
(either the RV insulation or the surface of the now-heated primary shield wall) was assumed
on the appropriate surfaces. Steady-state runs were made with these models for these
conditions.
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For the vertical support leg model, Figure 3H-30 shows the centerline temperature as a
function of distance from the top to the bottom of the support leg.  The distribution shows the
effect of the heat load, with the peak temperature occurring at the centerline elevation of the
core, and failing off symmetrically in both directions from the centerline to a temperature of
124OF below the core and in the base concrete.  This result suggests that the influence of the
additional heat load on the horizontal support will be to raise the temperature in the exposed
steel from 5 to 10OF in the high temperature region below the interface with the support foot.

These results were used as the basis for the study of the 45 min loss-of fans transient case. 
The increase in temperature seen in the supports and shield wall between the present study
and the previous analysis as applied as an increase on top of the transient conditions, as the
heat load from the core will not change during most of the transient.  The change of the
thermal gradient will change the rate of temperature increase in the leg and horizontal support
by limiting heat flow from the support foot; on the other hand, temperatures will slightly
increase when forced convection ceases and turbulent natural convection from the exposed
surfaces begins.  Increases in temperature over the original analysis are shown in Figure 3H-
31.

F-3   DEVELOPMENT OF STRUCTURE MODEL

The temperature distribution in the steel girder-column assembly and the concrete primary
shield wall were developed as described above for the normal operating steady state
condition.  The temperature gradient in the mass concrete was then determined assuming a
straight line gradient between the primary shield wall temperatures and the exterior concrete
surfaces (assumed at 70OF).

Vertical and horizontal models of the reactor cavity as previously described were used for
analysis.  The EBS/NASTRAN cracked element program, developed by Ebasco and linked to
the commercially available NASTRAN program, was used.

Using the developed temperature distribution in the vertical model (Figure 3H-32), the
restraining effect due to structural stiffness and vertical growth of the lower mass concrete on
the two dimensional horizontal model (Figure 3H-33) was obtained.  This effect was
represented in the horizontal model by a temperature drop in the fictitious radial beams
located around the outer periphery of the primary shield wall. (The effective "spring constants"
for these radial beams had been determined by the application of a range of horizontal loads
to the vertical model at the elevation of the steel girder.)

The temperatures and LOCA loads (including pressure loading on the cavity wall) were
applied to the horizontal model. The resulting total radial horizontal forces in each sector were
obtained and proportioned for a 17O arc, later to be used for the 17O arc vertical model.   An
iterative process was used whereby these resulting radial forces from the horizontal model
run were then used to redetermine the radial stiffness or "spring
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 constants" for the fictitious radial beams until the actual forces produced by the horizontal 
model were reasonably in agreement with the forces upon which the radial stiffness were 
based.   Table 3H-4 shows a comparison of assumed versus actual loads for each sector for 
the final iteration. 

  
F-4   STRUCTURAL ANALYSIS-PRIMARY SHIELD WALL 
 
 NASTRAN run # HKGAJLD dated March 14, 1984 for the horizontal model determined the 

response of the primary shield wall to all the imposed loads.   Figures 3H-34 through 3H-36 
show the cracking pattern in sector I, II & III where the steel beams are embedded. (Cracked 
elements are shown shaded.) 

  
 NASTRAN run # VKGAJDA dated March 16, 1984 determined the response of the vertical 

model to the forces derived from the horizontal model run.  No other forces were applied 
since these were already incorporated in the horizontal model run. Cracking patterns for each 
sector are shown in Figures 3H-37 through 3H-42. 

  
F.5   VERTICAL GROWTH ANALYSIS 
 
 A separate analysis of the steel girder-column assembly was performed to determine 

whether the vertical growth of the structure under the new radiation heating condition in 
combination with a loss of cavity and support cooling would still be within the 3/16 inch 
allowable originally established by Combustion Engineering for differential movement 
between the reactor support and the steam generator sliding base support.   This analysis 
conservatively assumes that operator action to trip the reactor is not initiated until 45 minutes 
after loss of cavity cooling. 

 
 The temperature distribution developed for the girder column assembly was derived only for 

the normal operating condition.  It was therefore, necessary to extrapolate this information to 
obtain a temperature distribution applicable to the case of present concern, i.e., the 45 
minute shutdown loss of fans case.  The following procedure was used: 

  
 1. The new temperature distribution in the girder-column assembly (Figure 3H-43) was  

 compared with that for the original normal operating condition, represented in Figure  
 3H-A12.  

  
  2. At a number of points along the column and girder, an incremental temperature  
  increase was determined by subtracting the original temperature from the  
  corresponding new temperature. 
  
  3. The incremental temperature increases were added to the corresponding  
  temperatures for the 45 minute shutdown loss of fans case to obtain a new  
  temperature distribution representing the condition of present concern (See Figure  
  3H-31). 
  
Vertical displacement was then determined by a ratio of weighted average temperature rises between 
the present case and an earlier case of known vertical displacements.  To this value were added the 
vertical displacements due to the equipment load on the girder and due to the thermal movement of 
the concrete at the girder ends and the column base. 
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Finally, the vertical displacements of the mass concrete and concrete pedestal under the steam
generator sliding base support were subtracted to obtain the desired differential vertical displacement.

F.6  CONCLUSION

The maximum horizontal load on the primary shield wall is carried by sector III of the horizontal model.
  The maximum tensile stress in the vertical reinforcing steel is 27.6 ksi, which is within the allowable
of 0.9 x 40ksi.

The differential vertical displacement of the reactor support girder relative to the top of the steam
generator pedestal is 0.184", which is within the allowable of 3/16."

The foregoing analysis therefore demonstrates that the removal of the reactor vessel thermal shield
does not alter the conclusions presented in Sections "A" through "E".

REFERENCES TO APPENDIX 3H

1. Letter R. E. Uhrig (FPL) to D. K. Davis (NRC) Re: St. Lucie Unit 1, Docket 50-335, Reactor
Pressure Vessel Support System, L-77-265 dated 8/30/77.
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TABLE 3H – 1 
 

ST. LUCIE PLANT – UNIT 1 
 

REACTOR VESSEL SUPPORT LOADS (X106  1b) 

   
Normal Operating 

 
OBE Seismic 

 
             DBE Seismic 

 
Pipe Accident (1) 

 Condition 
Load 

Dead 
Weight 

Thermal 
+D. WT 

+X +Y +Z +X +Y +Z  A* B* C* 

     
        H1 0 .028 .005 .002 -.644 .011 .005 -1.288 .056 .024 .024
        V1 .666 1.155 .032 .335 -.046 .064 .670 -.092 .109 1.293 1.293
          μV1 + .195 + .350  
     
        H2 0 -.091 1.226 .001 +.355 2.452 .003 +.710 -6.370 -2.450 -2.332
    -.264  -.528
        V2 .634 .726 .017 .253 .380 .035 .507 .761 0 5.040 1.028
          μV2 +.195 +.215  
     
        H3 0 .079 1.139 -.019 .270 2.278 -.038 .540 -6.270 -2.332 -2.450
    -.060 -.349 -.120 .698
        V3 .634 .741 .367 .623 .743 -.006 .506 .746 0 1.028 5.040
          μV3 +.195 +.215  
 
  *A – South Hot Leg Guillotine Break including DBE Seismic 
   (includes 15% increase) 
    B – 1 A Cold Leg Vertical Slot Break including DBE Seismic 
   C – 1B Cold Leg Vertical Slot Break including DBE Seismic 
 

Note 1: Pipe accident loads include a dynamic factor of 2, normal operating 
  loads and maximum seismic loads.  The direction of the seismic forces 
  included in each accident load was chosen to result in the largest load at each 
  component.  This table only lists those accidents which cause critical design 
  loads at one or more support points (cold leg guillotine is not limiting). 
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 TABLE 3H-2 
  
  Allowable Stress and Displacement Criteria - Steel Beam-Column Assembly 
  
           Element Stress versus Allowable Stress, 
  
     -  Normal operating conditions* 
  
      flexure   = 0.6  y 
     shear     = 0.4  y 
  
     -  Accident conditions** 
  
      flexure   = 0.96  y 
     shear     = 0.96  y/√ 3 
  
     Girder Centerline Vertical Displacement versus Allowable Displacement, 
  
      girder centerline  =  3/16" 
  
 
 
* Allowable stresses for normal operating condition are obtained from Section 1.5 of the AISC Code. 
 
**Allowable stresses for accident conditions are based on a 60% increase over normal operating allowables as permitted  
  by Enclosure 2 to AEC Itr to FPL of Aug 29, 1973. 
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 TABLE 3H-3 
  
 
 
             Maximum Relative Vertical 
     Maximum Stress, ksi      Displacement At Girder 
 Load Condition            Centerline (Inch) 
      ___________________________________________________________________________ 
  
    Transient Steady     Transient Steady 
          Stage State Stage    Stage    State Stage 
___________________________________________________________________________________________________________ 
     -20.0 -18.0 
           0.065  0.056 
Normal Operation  (<25.7) (<25.7)  
   
 
    -36.0 -39.5 
LOCA         0.092  0.083 
 
    (<41.2) (<41.2) 
  
  
Breakdown   -33.8 -30.5  
(Fan Failure)        0.181  0.172 
    (<41.2) (<41.2) 
  
  
Post Loca   -33.8 -30.5 
(Post Breakdown)  (<41.2) (<41.2)     0.181  0.172 
  
              < 0.188 inch 
   
Note: Shear stresses for above load conditions are less than 70% of allowable 
    shear stress. 
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 TABLE 3H-4 
  
 COMPARISON OF LOAD UPON WHICH RADIAL 
 STIFFNESSES WERE BASED VERSUS 
 HORIZONTAL MODEL FORCES 
  
 
      "LOAD" DETERMINING "FORCE" ACTUALLY 
 SECTOR   STIFFNESS (KIPS)  TRANSMITTED (KIPS) 
  
 __________________________________________________________________________ 
 
I      611     592 

  

 I-II      466     451 

  

II      405     390 

 

II-III    1240   1254 

  

III     1590   1637 

  

IV-I    1104   1083 

___________________________________________________________________________  

ALL LOADS ARE PROPORTIONED FOR USE IN THE 170 ARC VERTICAL MODEL 

 

REFERENCE:  COMPUTER RUN #HKGAJLD; DT. 3/14/84 
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• FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT 

REACTOR CAVITY PLAN AND SECTIONS 

FIGURE 3H·2 
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A. NORMAL OPERATIOH WITH OPERATING BASIS 
EARTHQUAKE 

W = D + L 1 +A + OBE + T 1 

NOTE: LOADS SHOWH ARE LOADS 
TRANSMITTED FROM REACTOR 
TO REACTOR SUP PORTS. 
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FLORIDA POWER & 'LIGHT COMPANY 
ST. LUCIE PLANT 

REACTOR SUPPORT °LOADING 
DIAGRAM - SHEET 1 

FIGURE' 3H-3 
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B. LOCA CASES: 

W = D + L 1 + A+ P + Q + DBE + T 1 

1. COLD LEG SLOT 

2. NORTH OR SOUTH HOT LEG GUILLOTINE 

NOTE: LOADS SHOWN ARE LOADS 
TRANSMITTED FROM REACTOR 
TO REACTOR SUPPORTS. 

{). . 

~ b --------------

p A 

FLORID.A POWER & LIGHT COMPANY 

ST. LUCIE PLANT 

REACTOR SUPPORT LOADING 
DIAGRAM - SHEET 2 
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C. LOSS OF FAHS: 

W=D+Ll+A+T4 

D. POST LOCA CASE: 
W=D+Ll+A+T3 

LOADS SAME AS LOSS OF FAHS. 

HOTE: LOADS SHOWH ARE LOADS 

TRAMSMITTED FROM REACTOR 
TO REACTOR SUPPORTS. 

LEGEND': 

D DEAD LOAD 

L 1 EQUIPMENT DEAD LOAD 
p 

Q 

LOSS OF COOLANT ACCIDENT 
PRESSURE LOAD 

LOSS OF COOLANT ACCIDENT 
PIPE OR EQUIPMENT LOAD 

A NORMAL EQUIPMENT OR PIPE 
ANCHOR LOAD 

T 1 NORMAL OPERATING THERMAL LOAD• 

OBE OPERATING BASIS EARTHQUAKE LOADS 

DBE DESIGN BASIS EARTHQUAKE LOADS 

T 3 POST LOCA THERMAL LOADS 

T 4 LOSS OF FAHS THERMAL LOADS 

4 

·A A 

b 

PLAN 

FLORIDA POWER & LIGHT COMPANY 
ST. LUCIE PLANT 

REACTOR SUPPORT LOADING 
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FIGURE 3H-5 
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REACTOR BUILDING INTERNAL 
CONCRETE - PLANS AND SECTIONS 
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FIGURE 3H-6 
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REACTOR BUILDING INTERNAL 
CONCRETE - PLANS AND SECTIONS 
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 ATTACHMENT 1 
 
 
 Thermal Analyses 
 
 
A. INTRODUCTION 
 
The temperature distributions used in the reactor support stress analyses have been generated by using 
the three-dimensional thermal analysis code LION.  This program utilizes a "thermal circuit" approach to 
analyze both steady state and transient problems.  With this technique the heat conducting body is 
broken up into a complex of "thermal" resistors, the impedances being defined by the geometry and the 
thermal conductivity of the material.  Similarly, the thermal capacitance is defined as the product of the 
specific heat, density and volume of the material.  Thus, a set of matrix equations is defined which is 
analogous to those used in electrical circuit problems where temperature is now used instead of voltage. 
 
Heat transfer coefficients and boundary conditions (temperatures) were defined in a manner which is 
conservative for this analysis.  Refer to Tables 2 and 3 for these parameter values. 
 
B. THERMAL MODELS 
 
Thermal models have been constructed for both the reactor steel beam-column assembly and the 
concrete primary shield wall.  Both models overlap in the regions where the steel support structures are 
embedded in the shield wall allowing realistic interfacing.  The assumed properties of the concrete and 
steel are listed in Table 1. 
 
The shield wall model consists of a 183 element, two-dimensional, annular concrete slab at elevation 
+22.5 feet where the three horizontal members of the reactor support structure are embedded.  The 
shield wall model includes the horizontal steel members.  The assumed boundary conditions are: 
 
 1. Thermal insulation in the vertical direction (vertical temperature gradients within the 

concrete are ignored) 
 
 2. Boundary conditions at the inner surface of the shield wall (usually radiant heat transfer, 

convection, etc.) 
 
 3. Boundary conditions at the outer surface of the shield wall (usually natural convection) 
 
 4. Interface temperature at the midpoint of the horizontal member of the reactor support (as 

obtained from the reactor beam-column model). 
 
The reactor beam-column model consists of 271 elements which include concrete interface regions at the 
floor of the reactor cavity the region of the primary shield wall near the 22.5 foot elevation, and the reactor 
support foot up to the reactor vessel nozzle.  The imposed boundary conditions are: 
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 1. Concrete temperature three feet below the floor of the cavity. 
 
 2. Concrete temperature within the center of the shield wall. 
 
 3. Reactor coolant temperature at the inner surface of the reactor nozzle. 
 
 4. Reactor support steel surface boundary conditions (usually natural convection and 

radiant heat transfer). 
 
In addition to the reactor support structure temperature distribution for stress analysis purposes, reactor 
coolant system/support structure interface temperature is obtained from this model.  This temperature is 
defined at the bottom of the lubrication plate. 
 
C. NORMAL OPERATION AND STARTUP CASES 
 
Temperature distributions have been obtained for both the long term operation and cold startup 
conditions.  These cases are used as initial conditions for the accident cases described in the next 
section.  Both conditions are characterized by the operation of the reactor cavity and reactor support 
cooling systems which establish a maximum air temperature of 1200F within the cavity.  Thus, forced 
convection boundary conditions are established on all exposed surfaces within the reactor cavity.  In 
addition, the forced convection establishes a reactor vessel insulation surface temperature of 1500F.  This 
results in radiant heat transfer from the reactor vessel insulation to the reactor support and inner surface 
of the shield wall.  The outer surface of the shield wall is assumed to be cooled by natural convection of 
the 1200F containment air.  Radiation heating effects within the vertical members of the steel reactor 
supports near the elevation of the reactor core are also present.  All of these effects were included in the 
boundary conditions for these two cases. 
 
Figures 1 and 2 show the temperature distributions within the reactor beam-column assembly and 
primary shield wall respectively for a steady state normal operating condition.  The slight discrepancy 
between the models at the concrete steel interface is caused by a concrete thermal capacitance 
difference in the two models and is of no significance to the stress analysis.  Figure 3 shows the 
temperature distribution within the midplane of the reactor support foot of the hot leg.  A reactor coolant 
temperature of 5950F corresponding to operation at 100% power was assumed.  The temperature 
distribution in Figure 1 is in good agreement with a scale model test of the reactor support cooling 
system. 
 
For the startup case, several days are required for the concrete to heat up to a steady value from an 
initial ambient value of 700F.  Furthermore, the horizontal support beam will not attain its steady state 
temperature distribution until the bulk of the surrounding concrete reaches an equilibrium value.  This 
effect is illustrated in Figure 4 by the reactor beam-column assembly temperature distribution generated 
for the time of 18.0 hours after startup.  Thus, a worse case is defined where the reactor beam-column 
assembly reaches its steady state value, but the concrete still contains large regions unaffected by the 
incoming heat flux.  Therefore, the temperature distribution shown in Figure 5 is postulated as the worst 
startup situation for the primary shield wall. 
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D. LOSS OF FANS ACCIDENT 
 
Assuming that both sets of fans (4 total) of the reactor cavity and support cooling systems should fail, 
LION indicates that a cavity air temperature of 4200F would be attained within a 5.0 hour time interval.  
The basic assumptions made in this calculation are: 
 
 1. The air within the cavity does not mix with the rest of the air in the containment. 
 
 2. Natural convection and radiant heat transfer heat from the vessel insulation to the inner 

surface of the shield wall. 
 
 3. The initial air temperature is 1200F. 
 
The results of this study are shown in Figure 6.  If the reactor operator detects the fan failure within 15 
minutes of the occurrence, a shutdown of the reactor system can be initiated resulting in a reduction in 
the surface temperature of the reactor vessel and vessel insulation.  The effect of such action on the hot 
leg coolant temperature is shown in Figure 7.  The assumption is made that the core is in the End-Of-Life 
(EOL) stage and that only one charging pump is operating.  Therefore, 1.75 hours are calculated to be 
needed to complete the boration cycle.  Afterward the coolant temperature drops at a rate of 750F/Hr.  
The effect of such a shutdown on the cavity air temperature can be seen in the appropriate curve in 
Figure 6. 
 
When these effects are imposed as time dependent boundary conditions on the reactor beam-column 
assembly and primary shield wall models for the long term operating and startup conditions, the 
temperature distributions shown in Figures 8, 9, and 10 are obtained. 
 
The 4.5 hour time interval is chosen as the worst case because the reactor beam-column temperatures 
reach a maximum at this time.  No distinction is made between the long term operating and startup cases 
for the reactor beam-column transients because the same initial temperature distribution is assumed for 
both situations.  Thus, even with fast operator action, significant temperature increases in the reactor 
beam-column structures cannot be prevented.  However, the low thermal conductivity of the concrete 
prohibits the effect from penetrating far into the shield wall. 
 
E. LOSS OF COOLANT ACCIDENT (LOCA) 
 
Following a LOCA, two different phases occur where severe stresses act on the reactor beam-column 
assembly and concrete shield wall.  During the initial blowdown phase, the cavity pressure dominates the 
situation.  However, thermal stresses are also present during this time interval.  Peak cavity pressures 
occur during the first second.  Even with the large Tagami steam condensation heat transfer coefficient, 
insignificant temperature increases occur during the 1.0 second interval.  Therefore, the temperature 
distributions shown in Figures 11 and 12 are used for stress analysis during this time interval. 
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The second important phase occurs after a long time lapse and is known as the post-LOCA case when 
the cavity pressure is reduced, but thermal stresses dominate.  In this situation the spillage water exists 
from the break (double ended hot leg slot) and begins to flood the cavity and sump drain.  With all 
injection pumps operating a flow rate of 888 lbm/sec is attained.  The cavity water level vs time is shown 
in Figure 14.  Prior to 252 seconds the fluid exiting the break is predominantly hot steam.  Afterward, 
water spillage is the main component of the fluid released via the break.  A temperature of 2000F for the 
leaking water can be shown to be conservative.  As can be seen in Figure 13, this temperature is 
significantly lower than the cavity steam-air temperature.  Thus as the water level in the cavity rises, the 
boundary condition on the reactor beam-column assembly changes locally from the Tagami correlation 
with the steam-air temperature to natural convection with the cooler spillage water.  On the outer surface 
of the shield wall, a Tagami correlation for steam condensation is assumed.  The results of imposing such 
boundary conditions on the models are shown in Figures 15 and 16.  Although the steam-air temperature 
remains high, the combined effects of the cooling of the nozzle by ECCS flow and the spillage water 
alleviate the problem significantly. 
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 TABLE 1 
 
 MATERIAL PROPERTIES 
 
MATERIAL      STEEL   CONCRETE 
 
DENSITY (1bm/ft3)     490.0   150.0 
 
SPECIFIC HEAT (BTU/1bm - 0F)     0.11     0.2 
 
THERMAL CONDUCTIVITY (BTU/hr-ft-0F)   26.0     1.0 
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TABLE 2 
 

STRUCTURAL SUPPORT BOUNDARY CONDITIONS 
 
   HEAT TRANSFER 
  BOUNDARY COEFFICIENT TEMPERATURE (°F) 
CASE SURFACE CONDITIONS* (BTU/HR-FT2-°F) (INITIAL) TIME DEPENDENCE 
 
NORMAL VERTICAL + 
OPERATION HORIZONTAL         FC1           0.85                120        NONE 
(LONG TERM) BEAM SURFACES 
 
 WITH 

 VESSEL         RT2          Fσ )( 4
2

4
1 TT −                150 

 INSULATION 
            F = .24 
 
 WITH 

 SURFACE OF RT Fσ )( 4
2

4
1 TT −  125 

 SHIELD WALL  F = .91 
 
 REGION OF 
 STRUCTURAL FC3 9 - 12 120 
 COOLING 
 SYSTEM 
 
 INNER SURFACE 
 OF HOT LEG FT - - - 595 
 PIPING 
 
 INTERIOR OF 
 CAVITY FLOOR FT - - - 120 
 AND WALLS 
 
STARTUP VERTICAL + 
 HORIZONTAL FC 0.85 70 LINEAR INCREASE 
 BEAM SURFACES    TO 120°F in  
     5.0 HRS. 
   3H-A7



 

 

   TABLE 2 Cont'd 
 

   HEAT TRANSFER 
  BOUNDARY COEFFICIENT TEMPERATURE (0F) 
CASE SURFACE CONDITIONS* (BTU/HR-FT2-0F) (INITIAL) TIME DEPENDENCE 
 

STARTUP WITH 

(Cont'd) VESSEL RT Fσ )( 4
2

4
1 TT −  70 LINEAR INCREASE 

 INSULATION  F=.24  TO 1500F IN 
     5.0 HOURS 
 WITH 

 SURFACE OF RT Fσ )( 4
2

4
1 TT −  70 LINEAR INCREASE 

 SHIELD WALL  F=.91  TO 1250F IN 
     5.0 HOURS 
 REGION OF 
 STRUCTURAL FC 9-12 70 LINEAR INCREASE 
 COOLING    TO 1200F IN 
 SYSTEM    5.0 HOURS 
 

 INNER SURFACE 
 OF HOT LEG FT             - - - - 70 LINEAR INCREASE 
 PIPING    TO 5950F IN 
     5.0 HOURS 
 INTERIOR OF 
 CAVITY FLOOR FT           - - - - 70 NONE 
 AND WALLS 
 

LOSS OF VERTICAL +  .18 ΔT 1/3 120 SEE FIGURE B-6 
FANS HORIZONTAL NC4 
(LONG TERM BEAM SURFACES 
AND DURING 
STARTUP) WITH   

 VESSEL NC Fσ )( 4
2

4
1 TT −  150 AS OBTAINED FROM 

 INSULATION  F=.24  MODEL DESCRIBED 
     IN SECTION B-6 
 WITH 

 SURFACE OF RT Fσ )( 4
2

4
1 TT −  125 SAME AS ABOVE 

 SHIELD WALL 
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   TABLE 2 Cont'd 
 
   HEAT TRANSFER 
  BOUNDARY COEFFICIENT TEMPERATURE (°F) 
CASE SURFACE CONDITIONS* (BTU/HR-FT2-°F) (INITIAL) TIME DEPENDENCE 
 
LOSS OF INNER SURFACE 
FANS OF HOT LEG FT - - - - 120 SEE FIGURE B-7 
(LONG TERM PIPING 
AND DURING 
STARTUP) INTERIOR OF 
(Cont'd) CAVITY FLOOR FT - - - - 120 NONE 
 AND WALLS 
 
LOCA VERTICAL + 
AND POST- HORIZONTAL SC5,6 TAGAMI 
LOCA BEAM SURFACES  COEFFICIENT 120 SEE FIGURE B-13, 
 ABOVE WATER                           B-14 
 
 VERTICAL + 
 HORIZONTAL NC 70 ΔT1/3 120 SEE FIGURE B-13, 
 BEAM SURFACES                           B-14 
 SUBMERGED 
 
 INNER SURFACE 
 OF PIPING FT - - - - 595 SEE FIGURE B-13 
 
 INTERIOR OF 
 CAVITY FLOOR FT - - - - 120 NONE 
 AND WALLS 
 
 
* BOUNDARY CONDITIONS: FC    FORCED CONVECTION 
      NC    NATURAL CONVECTION 
      SC    STEAM CONDENSATION 
      RT    RADIANT HEAT TRANSFER 
      FT    FIXED TEMPERATURE 
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TABLE 3 
 

CONCRETE SHIELD WALL BOUNDARY CONDITIONS 
 

   HEAT TRANSFER 
  BOUNDARY COEFFICIENT TEMPERATURE (0F) 
CASE SURFACE CONDITIONS* (BTU/HR-FT2-0F) (INITIAL)                    TIME DEPENDENCE 
 

NORMAL INNER 
OPERATION SURFACE FC1 0.85 120 NONE 
 

 OUTER 
 SURFACE NC4 .18 ΔT1/3 120 
 

 WITH 

 VESSEL RT2 Fσ )( 4
2

4
1 TT −  

 INSULATION  F=.24 150 
 

 INTERFACE 
 WITH REACTOR FT - - - - AS OBTAINED FROM 
 SUPPORT   STRUCTURAL SUPPORT 
    MODEL 
 

STARTUP INNER FC 0.85 70 LINEAR INCREASE 
 SURFACE    TO 120OF IN 5.0 
     HOURS 
 

 OUTER 
 SURFACE NC .18 ΔT1/3 70 LINEAR INCREASE 
     TO 120OF IN 5.0 
     HOURS 
 

 WITH 

 VESSEL RT Fσ )( 4
2

4
1 TT −  70 LINEAR INCREASE 

 INSULATION  F=.24  TO 150OF IN 
     5.0 HOURS 
 

 INTERFACE 
 WITH REACTOR FT - - - - 70 AS OBTAINED FROM 
 SUPPORT    STRUCTURAL SUP- 
     PORT MODEL 
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 TABLE 3 Cont'd 
 

   HEAT TRANSFER 
  BOUNDARY COEFFICIENT TEMPERATURE (OF) 
CASE SURFACE CONDITIONS* (BTU/HR-FT2-OF) (INITIAL)                     TIME DEPENDENCE 
 

LOSS OF 
(LONG TERM INNER NC .18 ΔT1/3 120 SEE FIGURE B-6 
+ STARTUP) SURFACE 
 
 OUTER   
 SURFACE NC .18 ΔT1/3 120 NONE 
 
 WITH 

 VESSEL RT Fσ )( 4
2

4
1 TT −  150 AS OBTAINED FROM 

 INSULATION    MODEL DESCRIBED 
     IN SECTION B-6 
 
 INTERFACE 
 WITH REACTOR FT - - - - AS OBTAINED AS OBTAINED 
 SUPPORT   FROM STRUCTURAL FROM STRUCTURAL 
    SUPPORT MODEL SUPPORT MODEL 
LOCA + INNER SC + 4,5,6 TAGAMI 
POST-LOCA SURFACE NC (WHEN COEFFICIENT 
  SUBMERGED + .70 ΔT1/3 120 SEE FIGURE B-13 
  UNDER WATER)                          B-14 
 
 OUTER SC 5,6 TAGAMI 
 SURFACE  COEFFICIENT 120 SEE FIGURE B-13 
 
 INTERFACE 
 WITH REACTOR FT - - - - AS OBTAINED AS OBTAINED 
 SUPPORT   FROM STRUCTURAL FROM STRUCTURAL 
    SUPPORT MODEL SUPPORT MODEL 
*FC    FORCED CONVECTION 
 NC    NATURAL CONVECTION 
 SC    STEAM CONDENSATION 
 RT    RADIANT HEAT TRANSFER 
 FT    FIXED TEMPERATURE 
 3H-A11 
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CONCRETE SHIELD WALL ELEVATION 22.5 FEET 
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'LORIDA POWER & LIGHT COMPANY 
.t. Lucie Unit No. 1 
'igure 2 

3H-Al3 

SCALE: 3/16 IN. == 1 FT. 



~HOT LEG STEADY ST A TE NOZZLE AND 
SUPPORT FOOT TEMPERATURE DISTRIBUTION 

FLORIDA POWER & LIGHT COMPANY 
St. Lucie Unit No. 1 
?igure 3 

375 

350 

325 

300 

275 

595 

575 ------_L. 

INTERFACE ----1y:::::~::;:;;.,...~:::::::::::====-=:-============---:::J 2so------

230 ------

220 

3H-Al4 

• 

• 

• 



• 

73 

• 

• 

REACTOR SUPPORT TEMPERATURE DISTRIBUTION 
START .UP TIME = 18.0 HOURS 

INTERFACE 
TEMPERATURE 

(260°".) 

92 107~ 

AIR TEMPERATURE == 12QOF 
INITIAL TEMPERATµRE - 7rfF 

115 

REACTOR 
SUPPORT 

I FOOT I 
n----inl I,..,...~~ 

117 

114 

110 

3H-Al5 

115 107 92 73 

FLORIDA POWER & LIGHT COMPANY 
St. Lucie Unit No. 1 
Figure 4 

SCALE: 1/4 IN. = 1 FT • 
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St. Lucie Unit No. 1 
Figure 6 
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FLORIDA POWER & LIGHT COMPANY 
ST. Lucie Unit No. 1 
Figure 10 SCALE: 3/16 IN. = 1 FT. 
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FLORIDA POWER & LIGHT COMPANY 
St. Lucie Unit No. 1 
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          January 24, 1975 
  
 
Mr. Anthony Ferlito 
Ebasco Services, Inc. 
2 Rector St. 
New York, New York 10006 
 
Dear Mr. Ferlito: 
 
In conformance with our understanding, I have reviewed the design procedure applied to the analysis 
of the supporting steel beams of the nuclear reactor for the Hutchinson Island Plant of the Florida 
Power Plant regarding the effect of various load and thermal conditions.  In addition to extended 
discussions with your staff, the drawings were studied and approximate calculations were made to 
confirm the range of stress values recorded by your staff. 
 
The procedure employed by your staff incorporates the most sophisticated tool, finite element, now 
available in structural design.  The basic assumptions made with regard to the properties of material 
are sound and will lead to conservative answers. 
 
The stresses induced, tensile and compressive due to thermal changes and external load are well 
within the strength capacity of the concrete.  As a matter of fact, the long time response of the 
concrete to the thermal changes will be to decrease the stresses below those shown.  The magnitude 
of the displacements are so small that slight creep in the concrete will decrease greatly the stresses 
induced by thermal effects. 
 
Although, in my opinion, the cylinder will be able to resist by its concrete shear resistance the forces 
generated by the thermal expansion of the steel beam, there is an additional safety factor.  The 
vertical steel will act through shear friction behavior as an additional response mechanism.  Thus the 
capacity of the concrete cylinder surrounding the steel beams is augmented over that which can be 
implied by an evaluation of the stress level. 
 
The elastic response of the concrete cylinder to thermal expansion of the steel beams will cause the 
stresses induced in the beam to be approximately 50% of those based on the assumption that the 
beam is fully fixed at the ends. 
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  -2- 
  
  Mr.  Anthony Ferlito        January 24, 1975 
 
 
 
External lateral loads applied to the steel beams will be resisted primarily by the concrete cylinder.  
The steel beams will act primarily as a tie or strut, or combination of the two to transmit the load to the 
concrete.  There will be slight lateral bending in the beams due to interaction between the steel beam 
and concrete.  This bending should be minor due to the relative stiffness of the concrete circular ring 
and steel beam. 
 
 
 
 
      
 
 
  
ALP:ab 
encl. 
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   PROFESSIONAL RECORD 
 Name:   Alfred L. Parme  Tele:  714-459-6877 
  
 Address:  6787 Avenida Andorra 
    La Jolla, California  92037 
 
Education:    Cornell University  (3 years)  1932 - 1935 C.E.  1935 
 
     Honors: Tau Beta Pi; Chi Epsilon, McMillan Scholarship  
     Illinois Institute of Technology - 1940-1942 -Advanced  
     courses on Structural Design. 
   
Professional Honors:   1953 -  Fuertes Medal by Cornell University for ASCE Manual #31  

   Design of Cylindrical Concrete Shells. 
    
   1959 -  Moisseif Medal by ASCE (American Society of Civil 
   Engineers) for contribution on design of shells of 
   double curvature. 
 
    1964 -  Lindau Award by the American Concrete Institute for 
    outstanding contribution on design of reinforced concrete. 
  
   1969 -  Rickey Medal by ASCE for paper, "Arch Dam Layout  
    Facilitated by Computer Usage." 
  
                1972 -  Martin P. Korn Award by Prestressed Concrete Institute 
     for "American Practice in Seismic Design" 
  
                           -  Vice-President of International Association of shell structures 
  
               1974 - Elected to the National Academy of Engineering. 
  
                            - Member of ACI committees on Columns; Ultimate Strength 
     Design; Limit Design (former Chairman); Shell Structures 
     (former Chairman); Concrete Joints and Seismic Design. 
  
 Structural Consultant to:  EBASCO SERVICES, Inc. (Arch Dams) 
     Harza Engineering Company (Arch Dams) 
     Gulf General Atomic (Nuclear Reactor) 
     Atlantic Richfield Oil Company (Waste Tanks) 
     Wiss Janney & Associates (Tunnels) 
     Worthington Corp.(Gas Turbine Generating Plants) 
     Lev Zetlin (Hangar) 
     Wayman C Wing (Hi-rise Bldg) 
     Edo Belli (Schools & Churches) 
     W Wenzler (Diversified Structures) 
     Construction Ministry of Venezuela (Seismic Design) 
     D.S.I. of Turkey (Arch Dam) 
     Prestressing Concrete Institute (Handbook) 
     Concrete Reinforcing Steel Institute (Handbook) 
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 Employment Record: 
 
 
1968 - 1969 Partner, Office of J. Fruchtbaum Associates, 1965 Sheridan Drive, Buffalo, N.Y. 

14223 - Tele: 716-877-3350.  Specialized in industrial buildings and unusual 
projects as MIT Nuclear Reactor and Cornell Aeronautical Bldg. 

 
1940 - 1968 Portland Cement Association, Old Orchard Road, Skokie, Illinois, 60076 -  

Supervisor J. D. Piper. 
 
1960 - 1968    Director of Advanced Engineering Dept. As head of this group was responsible for  
  maintaining PCA leadership in structural design.  In this capacity applied advanced  
  engineering, physical principles and test data to secure efficient use of concrete.   
  New methods of design were developed for arch dams, curved concrete shells,  
  building frames and prestressed concrete.  Many of the contributions have become  
  classics in the field.  In the eight years of its existence, this small selected group  
  published 21 Advanced Engineering Bulletins, in addition to providing aid for other  
  departments.  Also, acted as consultant on many unusual projects. 
 
1957 - 1960 Manager of Structural Bureau - In charge of 20 man department responsible for 

structural promotion; duties similar to the above, but on less technical level and 
interspersed with promotional activity. 

 
1940- 1957 Structural Engineer - In charge of technical publication R/C and development of 

structural design techniques.  Likewise, assisted engineers on unusual structures 
which required knowledge beyond average practicing engineer.  Contribution of 
original nature made on design of storage tanks (circular or rectangular) rigid frame 
bridges, skewed arch bridges and domes. 

 
Oct. 1,1952 Overseas Consultant Incorporated - 2 Rector St., N.Y.C. 
      to   Title:  Consulting Engineer 
May 1, 1953    Duties: Responsible for design of first arch dam to be built in Japan and training of  
  Japanese engineers on design of training of Japanese engineers on design of arch  
  dam.  Investigation of foundation yielding and associated problems with arch dams. 
 
Sept.1, 1943   The Republic Aviation Corp., Farmingdale, N.Y. 
        to  Title:  Senior Stress Analyst 
Oct. 1, 1945   Supervisor: Frank Mevay, Head of Stress Analysis Group 
   Duties: As a Senior Stress Analyst, my main function was to supervise the analysis  
  of indeterminate structures and lend technical assistance on the more difficult  
  stress problems.  In charge of structural design of XT-84, first jet plane of  
  the company. 
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May 1, 1937 U. S. Engineering Dept., Binghamton, N. Y. 
        to  Title: Assistant Engineer 
Nov.12, 1940  Supervisor: E. S. Tippetts - Chief Engineer  
  Duties: As assistant engineer I was responsible for the structural design of all the  
  important hydraulic structures built by the section.  The work involved initially | 
  making feasibility studies on the Akport and Whitney Point Earth Dams by the 
  Swedish method.  Investigations on the rate of consolidation and shear stresses  
  developed in the soft foundation were likewise conducted on this project.  Of the  
  concrete structures designed, the principal types were flip bucket, intake towers,  
  morning glory and side channel spillways, floodwalls and large tunnels.  In the 
latter   stages of my study was chiefly entrusted the task of supervising the work of other  
  engineers and establishing design procedures. 
     
 
May 1, 1936  Phoenix Engineering Corp., 2 Rector Street, New York, 
        to   N. Y.  Title: Cadet Engineer 
May 1, 1937    Supervisor: R. Stuber 
     Duties:  Conducted studies on the Santee Cooper Project (Hydraulic and hydro- 
  electric).  Also assisted in the design of power house and arch dams.  In this work 
  evolved new method of designing arch dam that reduced months of elaborate  
  computation to matter of days. 
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 PUBLICATIONS 
 

1948 Article Arch Dams with Arches of Variable Thickness Reinforced Concrete 
    

Feb. 1950 Article Solution of Difficult Structural Problems by Finite Diff. American Concrete Institute 
    
Jan. 1951 Article Designing for Continuity in Prestress Concrete American Concrete Institute 
    
Aug. 1951 Article Analysis of Continuous Prestressed Structures Proceedings of 1st Congress of 

Prestressed Concrete 
    
Sept. 1956 Article Hyperbolic Paraboloids and Other Shells of Double  

Curvature 
American Society of Civil Engines 
Journal 

    
Sept. 1957 Article Ribless Concrete Cylindrical Shells Proc. Of 2nd Symposium Con. Shell 

Roof Construction 
    
Sept. 1958 Article Practical Aspects of Ultimate Strength American Society of Civil Engineers 

Journal 
    
1960 Article Elementary Analysis of Hyperbolic Paraboloid Shells International Association for Shell 

Structures 
    
July 1961 Article Direct Solution of Folded Plate Concrete Roofs International Association for Shell 

Structures 
    
July 1961 Article Design Constants for Interior Cylindrical Concrete Shells American Concrete Institute 
    
1963 Article Capacity of Restrained Eccentrically Loaded Long Columns American Concrete Institute 
    
1963 Article Parabolic Arches of Variable Thickness American Society of Civil Engineers
    
1964 Article Application of Shell Theory of Arch Dams Symposium of Theory of Arch Dams
    
1964 Article Design Constants for Ribless Concrete Cylindrical Shells International Association for Shell 

Structures 
    
Apr. 1966 Article Design of Combined Frames and Shear Walls Symposium on Tall Buildings 
    
1966 Article Arch Dam Layout Facilitated by Computer Usage American Society of Civil Engineers
    
1968 Article Capacity of Reinforced Rectangular Concrete Columns 

Subject to Biaxial Bending 
American Concrete Institute 

    
1968 Article Floor Systems Supported by Central Core and Exterior 

Columns 
American Concrete Institute 
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1969 Article Prestressing of Flat Plates Prestressing Concrete Institute 
    
1969 Article Semi-parabolic Domes of Revolution International Association for Shell 

Structures 
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  ATTACHMENT 3 
  
  
 
 
 
 
 
 
 
 
 

 CLIENT:  Ebasco Services, Inc. 
  P. O. Box 1117 
  Jensen Beach, FL  33457 
 
 PROJECT: Florida Power & Light Co., St. Lucie Plant, Unit No. 1 
 
 DATE OF TESTS: Feb. 19, 1975,  Sample Age 28 Days 
  
 
The following is a report of the results of tests performed by Pittsburgh 
Testing Laboratory on concrete samples submitted by the client: 
 
A. Split Tensile,  ASTM C-496 
 
 Sample No.   Load, Lbs. Split Tensile Strength, PSI 
        1         56,000 495 
        2         63,250 560 
 
B. Flexural Strength, ASTM C-78 
 
    Sample No. Load,Lbs. Modulus of Rupture, PSI 
        1 9750 825 
        2 7950 670 
        3 7980 640 
 
C. Modulus of Elasticity, ASTM C-469 
 
 Sample No. Ultimate Strength,PSI Modulus of Elasticity, PSI 
        1 5610  3.56 x 106 
        2 6030  4.18 x 106 
 
    Avg. 5820  3.87 x 106 
  
Tech: DeRycke 
cc/cc:     
3 Client 
1 Ft. Pierce 
1 WPB 
2 PG  
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APPENDIX 3I

 PERFORMANCE QUALIFICATION TEST PROGRAM

 INFORMATION FOR REPRESENTATIVE BALANCE OF

 PLANT CLASS 1E EQUIPMENT*

A. Switchgear - 4.16 KV

B. Motor Control Centers - 1A7, 1B7

C. Valve Operators (in containment) - Solenoid

D. Motors - Component Cooling Water Pump Motor

E. Logic Equipment - Engineered Safety Features Actuation Signals

F. Cable - 2/C #14 Shielded Twisted Pair

G. Diesel Generator Control Panel - 1A

_______________
* The information contained in this appendix is an abstract of equipment qualification

documentation contained in FPL Quality Assurance files at the plant site.  These files are
available for auditing by NRC.

The test report summaries were included in response to NRC letters dated July 23, 1975
and October 10, 1975.  It is not the intent to maintain the information in this appendix
current.  Subsequent designs will ensure that equipment utilized is equivalent or better
than the existing and qualified for its application.

Pursuant to the requirements of IE Bulletin 79-01B a reevaluation of the environmental
qualification of electrical equipment installed in the plant was performed.  This updates
the information provided in this appendix.  See Section 3.11 for referencing to FPL
responses to the bulletin.

In cases where the information in this section overlaps with 10CFR50.49, the Equipment
Qualification List (EQ) and Documentation Packages (Doc Pacs) supersede the
information provided here.  Therefore, the EQ List and appropriate Doc Pacs should be
consulted prior to use of the information in this section.

Information provided in this appendix is historical and shall not be updated; however, it
may still be similar to the re-evaluation documentation if no changes have taken place.

3I-i Amendment No. 18, (04/01)



A.                      4.16KV SWITCHGEAR

Ebasco specification FLO-8770-284C, initially issued June 30, 1969 for the subject equipment
requires the following:

1) Equipment to be built in accordance with recognized standards*

2) Equipment to be tested in accordance with recognized standards*

3) Equipment to satisfy special requirements (i.e. environmental, etc.)

* Standards listed in specification are:

  IEEE
ANSI
NEMA
ASTM
ASME
NBFU
IPCEA

These standards may or may not be directly applicable to equipment purchased, ie, ASTM and
ASME are applicable to oil circuit breakers, but not to oiless circuit breakers actually purchased.
IPCEA standards apply only to internal wiring, IEEE standards are duplicates of ANSI and NEMA.
Thus, two groups of standards are directly bearing on subject equipment's design and testing,
namely ANSI and NEMA.  Standards dealing with testing of medium voltage switchgear, are
ANSI C37.09-1964 - "American Standard Test Procedure for AC High-Voltage Circuit Breakers"
and NEMA Publication No. SG 4-1963 "High-Voltage Power Circuit Breakers".  Both of those
above two standards separate the tests required into 2 general categories:

  a)  Design tests and
 b)  Production tests

Category a) deals with equipment of a new design to ascertain its compliance with recognized
standards.  A vendors certificate, of compliance is furnished to demonstrate vendor's satisfaction
of design testing to include environmental, short circuit, voltage and heat run, etc.  The specified
service conditions of 104F ambient (max occasional short time temperature of 49C), 35-95%
relative humidity, etc, is within the design testing range.

Category b) is directly related to the production tests performed on subject equipment.  Table I
lists the specific tests and results achieved.

Seismic qualification data is available in Chapter 3, Appendix  3B.
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Appendix 3I

 TABLE I

 PRODUCTION TESTS (APPLICABLE)  TESTS PERFORMED BY VENDOR
__________________________________________________________________________              __________________________

SPEC NEMA(SG-4) ANSI (C37.09)

 1.  Hi potential Test SG4-4.22,23  Various 1500V Secondary & Control
  Wiring (1 min) (1)
  19KV Primary (1 min) (2)

 2.  Operating Tests SG4-4.21  09-5.11 Proper operation at normal,
  max & min control voltage (3)

 3.  Operating - Interlock           - 09-5.9

 4.  Correctness of Wiring SG4-4.13 09-5.9  a) Wire check/continuity
                                             against wiring diagrams (4)

 5.  Operation (Devices)            - 09-5.9  b) Meters checked against
      laboratory standards

  c) Relays operated (4)

(Number) Refers to notes to Table I.
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Appendix 3I 
 

TABLE I (Cont'd) 
 
NOTES: 
 
The production tests were made to check the quality and uniformity of the vendors workmanship 
and materials used to manufacture the subject equipment. All production tests were made at the 
manufacturer's facility prior to shipment. 
 
All production tests at the vendor's facility were either witnessed by Ebasco's Quality Compliance 
inspectors or certified test reports were submitted by the vendor and reviewed and accepted by 
Ebasco. 
 
(1) Dielectric Tests on wiring - All secondary and control wiring were subjected to a 60 Hertz, 

one minute dielectric withstand test of 1500 volts. No failures were recorded, resulting in 
an acceptable passage of this test. Reference SG4-4.12 Item 11, SG4-4.23, NEMA 
standard 9-17-1953. 

 
(2) Dielectric Tests on Major Insulation - All important insulation components, such as 

bushings, insulation braces, rods, etc, were subjected to a 60Hz, one minute dielectric 
withstand test of 19kV. No failures were recorded resulting in an acceptable passage of 
this test. 

 
 Reference: NEMA SG-4-4.12, Item 11. 
 
(3) Operating Tests - Mechanical operation tests were made to check the final adjustments 

and to determine the ability of all breakers to operate correctly over their entire range of 
operating voltage without damage. Following these tests the breakers were inspected 
visually to verify that no parts had sustained damage. 

 
 Reference: NEMA SG-4-4.12, Item 9 and NEMA SG-4-4.21. 
 
(4) Correctness of Wiring - Secondary wiring was checked to insure that all connections 

were made properly. Devices and relays, where used, were checked by actual operation 
where feasible. Those circuits for which operation was not feasible were continuity 
checked. 

 
 Reference: NEMA SG-4-4.12, Item 1 and NEMA SG-4-4.13. 
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B.  MOTOR CONTROL CENTERS 
 
 1A7, 1B7 
 
Ebasco Specification 210-69, entitled Motor Control Centers, was utilized for this project with an 
original issue date of January 22, 1971. 
 
The specification referenced, as applicable, the requirements and test procedures established by 
the latest edition of the following standards: 
 
 ANSI-- American National Standards Institute 
 IEEE - Institute of Electrical and Electronics Engineers  
 ASTM - American Society of Testing Materials  
 NEMA - National Electrical Manufacturers Association  
 ASME - American Society of Mechanical Engineers  
 NBFU - National Board of Fire Underwriters 
 IPCEA - Insulated Power Cable Engineers Association  
 
Additionally the specification references, the following standard:  
 
EEI - Edison Electric Institute 
 
REQUIRED TESTS 
 
The above standards delineate design verification testing to be performed on the constituent 
components or completely assembled motor control centers. The intent of the referenced 
standards is to insure that the design test methods and procedures are capable of giving 
information which is pertinent, significant and reproducible. 
 
Design testing is performed primarily on equipment of new design to verify compliance with the 
appropriate standards. The equipment in question utilized an established design verified by a 
certificate of compliance furnished by the vendor verifying that the particular design of breakers 
have been subjected to, and successfully passed, a test program consisting of the following: 
 
 1. A trip device test was conducted before and after the specified test sequence 

outlined in Table 1 of ANSI C37-50 to demonstrate the stability of the device. 
 
 
 2. An AC dielectric withstand test was conducted on the fully assembled breaker to 

demonstrate the breakers voltage withstand capability. 
 
  Tests were conducted to demonstrate the withstand capability of the breaker 

between live parts and ground and across the isolating gap in the open position 
and in the closed position. Tests were conducted to demonstrate the withstand 
capability between live parts and ground and between phases. 
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  3. A Continuous current, test was conducted to demonstrate the breaker's 
ability to carry 100%. rated current without exceeding the temperature 
conditions specified in ANSI C37-13. 

 
  4. An overload switching test was performed to demonstrate the circuit 

breaker's ability to carry 600%. of rated current for no less than one 
cycle. The number of operations are defined in ANSI C-37.16. 

 
  5. Endurance Tests were conducted in compliance with the requirements 

specified in C 37-16 to demonstrate the mechanical and electrical 
adequacy of the design. 

 
 
Although the referenced standards do not mention production or acceptability testing, Purchaser's 
specifications require that the motor control centers be completely wired and adjusted at the 
factory and given standard inspection, wiring check, operation and dielectric tests. The 
specification further states that, the control wiring shall be factory tested as follows: 
 
 1 - Each circuit shall be given a continuity test. 
 2 - Each circuit shall be given an insulation resistance test with equipment 

connected, using a 1000 volt megger. The insulation resistance shall be not less 
than 25 megohms. 

 3 - Each starter shall be operated electrically three times. 
 4 - Seismic qualification data is available in Chapter 3, Appendix 3B 
 
 
The specified service condition of 104°F (max occasional short time temperature of 120°F), high 
humidity, etc. is within the design testing testing range. 
 
FACTORY TESTS PERFORMED 
 
The quality compliance reports, which accompanied each motor control center, indicate that the 
acceptance tests required by the specification, and listed above, were satisfactorily performed 
prior to release for shipment. 
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C.  VALVE OPERATORS (in Containment) - Solenoids 
 
The qualification test program for valve operator (Solenoid) inside the containment covers design 
requirements, test plan, test set up, test procedures, acceptability goals and test results. 
 
1. Design Specifications 
 
 The valve operator covered in this program was specified to meet the following codes, 

standards and specifications (Ref Ebasco Spec FLO-8770.110A): 
 
 .01 (IEEE) Institute of Electrical and Electronics Engineers 
 
   - 323-71 
   - 273 
   - 344 
   - 382 
 
 .02 (NEMA) National Electrical Manufacturers Association 
 
 .03 All valve accessories such as limit switches, positioners, solenoid shall be 

designed to Seismic Class I requirements. 
 
 .04 The solenoid coil shall be capable of being energized continuously without 

danger of overheating or failure. 
 
 .05 The solenoid coil shall be Class H (fungus proof). 
 
 .06 The solenoid coil shall be suitable for operation at 125 DC. 
 
 .07 The limit switches shall be actuated by valve stem travel and shall be supplied in 

waterproof housing. 
 
 .08 Each switch shall consist of two normally open and two normally closed contacts, 

all electrically independent. The switches, complete with mounting and actuating 
devices, shall be of snap acting type suitable for 125V DC operations. 

 
 .09 The solenoid coils for valves inside containment shall be totally enclosed and 

capable of being energized and de-energized immediately following post 
accident conditions. 

 
          .010 The valve operator shall be capable of withstanding an integrated dose rate of 

1.0 x 107 rads during the forty-years design life of the plant. 
 
          .011 The ambient environmental conditions for all valve operator will be saturated air 

and steam mixture containing a maximum of 1720 ppm of boron and NaOH with  
a pH of 4.5 to 10.5. 
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2. Test Plan 
 
 The testing program covers the reviewing of vendor's test plan, test setup and test 

procedures. The valve operator (Solenoid) was given following tests as per Ebasco 
Specifications: 

 
 .01 Functional Test 
 
  Functional testing of the test item was comprised of the following series of 

evaluations: 
 
  a. Visual Inspection: The test item was visually examined for evidence of 

defects in workmanship, quality, etc. 
 
  b. Operation Test: With 100 psig applied to the inlet port of the test item, 

the current (I) was measured at voltage excitation of 90VRMS, 60 Hz 
and 125VRMS, 60 Hz. 

 
  c. Position Indication Test: The operation to the closed and open position 

indicators was verified for three (3) cycles minimum. 
 
 
 .02 Radiation Exposure Test 
 
  The test valve was exposed to a source of gamma radiation (such as Cobalt 60), 

for such time as to yield an equivalent exposure of 0.1 M Rad equivalent air dose 
per year, for forty (40) years. The entire valve was subjected to an equivalent 
forty (40) year radiation exposure at inside containment levels, plus the added 
higher dosage due to a simulated accident, (for a total of 3.3 x 107 Rads), in a 
single exposure at the start of test. 

 
  The radiation exposure test was conducted in a nationally recognized testing 

laboratory properly equipped for this purpose. Upon completion of the radiation 
exposure test, the test valve was subjected to the "Functional Test". 

 
  Acceptance Criteria: The valve shall meet the requirements of the "Functional 

Test". Discrepancies in measured data shall be brought to the attention of the 
cognizant Engineer for disposition. 

 
  Attachment 1 is a copy of the Radiation Certification issued by ISOMEDIX to 

Target Rock Corporation (valve manufacturer) on a valve operator similar to the 
one furnished on St Lucie Unit #1. 

 
 .03 Aging Simulation Test 
 
  A test facility as depicted in Figure 1 was prepared. Air at 100 psig was supplied 

to the test valve through a heater, capable of maintaining +200 ± 10°F. A hand-
throttling valve located in the exit line was utilized as an adjustment to reduce the 
maximum flow. With the test solenoid valve open, the throttling valve was 
adjusted to provide a flow of approximately 10 scfm. 

 
 
 
 
 
 3I-7 



  The test valve was installed in an environmental test chamber capable of 
maintaining +150°F, 55% relative humidity and ambient pressure. 115 VAC 
electric power through a timer switch was provided to operate the valve. The 
timer switch was adjustable so as to insure full valve travel in the "open" and 
"close" direction as monitored by the counters. The counters were connected to 
each position switch, and thus indicated the number of full cycles completed. 

 
  The 27 ft3 Conrad Environmental Chamber was utilized for the aging test and for 

portions of the accident simulation test. This chamber is equipped with 
continuous recording and programming capability and can also perform 
simultaneous temperature-altitude and humidity testing. 

 
  Actual accident simulation was accomplished, by injecting steam into a stainless 

steel pressure vessel which incorporated remotely actuated pressure control 
valving. 

 
 .04 Temperature-Humidity and Wearout Test 
 
  100 psig air was supplied to the test valve (heated to +200 ± 10°F), and the 

chamber temperature was raised to +150 ± 10°F with a relative humidity of 55± 
5%. Cycling of the valve was then started. 

 
  The valve was cycled by supplying 115 VAC power to the solenoid coil through 

the timer switch. The timer was adjusted to insure completeness of each cycle by 
comparison of the counters for similarity of count. 

 
  The cycling period was continued until 1000 cycles had been completed, at 

which time the cycling of the valve was stopped. The internal chamber conditions 
were maintained until 240 hours had been completed. Chamber conditions were 
recorded by the continuous chart method. 

 
  At the completion of this test, the test item was subjected to the "Functional 

Test", described earlier. 
 
 .05 Accident Simulation Test 
 
  A test facility similar to that utilized for the Temperature-Humidity and Wearout 

Test was prepared with the exception that the environmental chamber was 
fabricated utilizing a stainless steel pressure vessel capable of withstanding 100 
psig internal pressure. Steam and water inlet and drain ports were provided as 
well as a means of maintaining the internal temperature at +350°F. No air 
connection was made to the test valve. The wiring from the junction boxes was 
teflon and epoxeyed through feed-through fittings in the chamber wall. The 
junction boxes were epoxeyed. 
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  Steam, air, and de-mineralized water were injected into the test chamber, raising 
the pressure to 70 psig, the relative humidity to 100%, and the temperature to 
+300 °F in as close to ten (10) seconds as possible, and these conditions were 
allowed to stabilize. The valve was exercised OPEN and CLOSED, and 
operation was verified. The temperature was then increased to +340°F within five 
(5) minutes. 

 
  These conditions were maintained for three (3) hours. The valve was periodically 

exercised for a total of ten (10) times. The environmental conditions were then 
reduced to ambient over the following two (2) hour period. 

 
  Steps a and b (above) were then repeated after which the chamber temperature 

was adjusted to +250°F and the pressure to 25 psig. These conditions were 
maintained for a period of four (4) hours. The valve was exercised approximately 
once each hour. The pressure was then reduced to ambient and the temperature 
was maintained at +200°F for a period of thirty (30) days. The valve was 
exercised once each working day. 

 
  At the conclusion of the test, the valve was subjected to the "Functional Test" 

described earlier. 
 
 .06 Seismic Qualification Test 
 
  The valves used in the qualification test program were qualified by seismic 

calculations. The seismic calculations were reviewed in compliance with Ebasco 
specifications for solenoid valves. A similar valve operator was also tested in a 
seismic testing facility to prove the operability of the solenoid under the seismic 
conditions. The following testing plan and procedure was followed: 

 
  The seismic simulation facility provides a low frequency, high displacement 

excitation utilizing hydraulic actuators. This facility can be utilized in the uni-axial 
mode as well as the bi-axial mode. The basic hydraulic system can provide up to 
200 GPM to systems employing Moog 72-102 or 72-103 Servo-valves. Actuator 
displacements up to 10 inches at 60 ips can deliver up to 25,000 force-pounds at 
2500 psi. The frequency range of the system is 0.1 to 100 Hz. nominal with 
availability to 500 Hz. The uni-axial system normally employs three (3) 60 gpm 
Servo-valves with provisions for one (1) additional valve. The bi-axial system 
employs two (2) or three (3) 60 gpm valves and two (2) 40 gpm valves. 

 
  The system is capable of performing: Continuous Sine, Sine Beat, Decaying Sine 

and/or Random Excitation. 
 
  The uni-axial test facility (see Figure II) was utilized for performance of the 

testing. The fixture was designed so as to be free of resonance from 0.1 to 33 
Hz. The counters and actuating switch were provided to permit actuation and 
monitoring during and after each period of vibration. 
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 The valve was installed in the vibration test fixture and actuated to insure proper counter 
function. 

 
 An exploratory vibration test was conducted in order to determine the natural frequencies 

of the test item and/or its various components. The scan was conducted at 0.2g's or to 
the limits of the system over the frequency range of 0.1 to 33 Hz. The resonant 
frequencies, (if any) were recorded. 

 
 The unit was subjected to 3 g's of vibration (or to the limit of the system), at each of the 

noted resonant frequencies for a period of ten (10) seconds. An actuation was performed 
during and after each resonant period. 

 
 The unit was also subjected to 4.5 g's of vibration (or to the limit of the system) at each of 

the resonant frequencies for an additional period of ten (10) seconds. An actuation was 
performed during and after each resonant period. 

 
 This procedure was performed along each of three (3) mutually perpendicular axes of the 

unit. After each test, the valve was actuated to insure that no deterioration has taken 
place as a result to this exposure. 

 
 At the conclusion of the seismic qualification test, the test unit was subjected to the 

"Functional Test" described earlier. 
 
3. Acceptability Goals & Test Results 
 
 The results of all tests were reviewed to check compliance with the design specification. 

The certificate of compliance, stating that the valve operator meets the design 
requirements specified in Ebasco Specification FLO 8770.110A, was obtained from the 
valve manufacturer and is appended as Attachment 2. 
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IRRADIATION CERTIFICATE 

ATTACHMENT 1 
ISOMEDIX 

 
May 20, 1974 

 
 
 
Target Rock Corporation 
1966 E. Broadhollow Road 
E. Farmingdale, New York 11735 
Attention: Mr. Arthur Summertano 
 
 
 
Gentlemen: 
 
 
 
Attached is our certification for the irradiation of a Standard Production Valve, SN X-1. 
 
From a radiation standpoint, the valve contains no added or induced radioactivity, and from a 
radiation standpoint is completely safe to handle. 
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Isomedix Inc.. 25 Eastmans Road, Parsippany, New Jersey Telephone (201) 887-4700 
  Mailing Address: Post Office Box 177, Parsippany, New Jersey 07054 
 
Isomedix Limited. Benoit Street, Mont. St. Hilaire, Quebec, Canada Telephone (514)467-1211 
  Mailing Address: Post Office Box 7, Benoit, Quebec, Canada 



ATTACHMENT 1 (Cont'd) 
ISOMEDIX 

    RADIATION CERTIFICATION    5-20-74     
 

Part No:  Target Rock Corp 
  73 E-001 Standard Production Valve, SN X-1 
 
Dose Rate: 0.5 Mrad/hr. 
 
Total Dose: 33 Mrad, air equiv. Maximum overdose factor: 1.2 
 
Date Radiation Completed: 5-20-74 
 
Source:  Cobalt-60 
 
Conditions: Irradiation performed in air at ambient temperature (70°F) and slight negative 

pressure (-1/2" water). 
 
Max. Temp. of Sample During Irradiation: 110°F 
 
Dosimetry System: Dosimetry was performed using a Victoreen Model 555 Integrating Dose 

Rate Meter and Probe. The unit was calibrated on January 15, 1974 by 
the Victoreen Instrument Company, using Cobalt-60 and Cesium-137 
sources whose calibrations are traceable to the U. S. National Bureau of 
Standards. A copy of the calibration certificates is available. 

 
Other:  Samples were rotated and turned during exposure to achieve a more uniform dose  
             distribution. 
 
Post-Irradiation Defects Observed: 
 
 None 
 Sample contains no added or induced radioactivity. 
 
This is to certify that the subject product was radiation processed in the aforementioned manner. 
 
 
 
 
         
 
 
GRD:mg 
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Isomedix Inc.. 25 Eastmans Road, Parsippany, New Jersey Telephone (201) 887-4700 
           Mailing Address: Post Office Box 177, Parsippany, New Jersey 07054 
 
Isomedix Limited. Benoit Street, Mont. St. Hilaire, Quebec, Canada Telephone (514)467-1211 
          Mailing Address: Post Office Box 7, Benoit, Quebec, Canada 



 

ATTACHMENT 2 
 

Target Rock Corporation 
 
 

CERTIFICATE OF COMPLIANCE 
 
 
 
Reference: EBASCO ORDER 
 
 
Purchase Order Number: NY422362          F 0 R 
 
 
FLORIDA POWER & LIGHT COMPANY 
 
 
T.R.C. Project 74Q 
 
 
TAG NUMBERS:  I-SE-02-1   I-SE-02-3 
   I-SE-02-2   I-SE-02-4 
 
 We certify that the parts and assemblies noted herein meet all the requirements of the 

purchase order drawings and specifications. Further we certify that the detailed fabrication 

inspection and test records quoted in the order and specifications are traceable and on file. Final 

cleaning and drying conforms to Target Rock Corporation Procedure 890, Rev. 1. 
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D.   MOTORS - Component Cooling Water Pump Motor 
 
 
Ebasco Specification 8-69 "Motors For Station Auxiliary Service" bearing Purchaser's 
Identification Number FLO-8770.289 initially issued July 15, 1969 requires compliace with the 
following standards - USASI (ANSI), IEEE, ASME, NEMA and AFBMA. The standard directly 
applicable to production testing is IEEE standard No. 112A (September 1964) (Revision of AIEE 
No. 500 1954) - "Test Procedure For Polyphase Induction Motors And Generators". The scope of 
this standard is as follows: "This test procedure covers instructions for conducting and reporting 
the more generally applicable and acceptable tests to determine the performance characteristics 
of polyphase induction motors and generators. It is not intended that the procedure cover all 
possible tests or tests of a research nature. The procedure shall not be interpreted as requiring 
the making of any or all of the tests described herein in any given transaction". 
 
The Ebasco specification itself requires the following tests: 
 
 a) Factory routine test or initial short commercial test 
 
 b) Qualification of sealed insulation system unless previously approved by 

Purchaser. 
 
  The factory routine test, as per IEEE 112A, includes: "....measurement of speed 

and current input at no load, current input with locked rotor, and dielectric tests ... " 
 
 
These routine tests were performed with the following results for the component cooling water 
pump motor, item 5, of General Electric Motor Order 300-94977, NY-422208. 
 
Note: CCW 1A Motor replaced with Homewood Energy Services Motor. 
 
          Vendors 
Serial Nos. 8380428 8380429 8380430 Acceptance Criteria 
 
Impedance Amps. (FLA.) 66 65.52 64.8 ±10% of 
 
Excitation Amps 16.08 16.56 17.28 Calculated 
 
Running Light Watts 8448 9360 8160 Values 
 
Station Winding Cold 0.9760 0.9650 0.9710 + 5% 
Resistance (OHMS) 
 
Motor End Play 30/64" 37/64" 38/64" Within coupling limits 
 
Hipot (9000V/1min) Passed Passed Passed -- 
 
Speed (rpm) 1800 1800 1800 -- 
 
Vibration  <0.4 mils  <0.4 mils  <0.4 mils  0.0025 (Maximum) 
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Stator Winding IR 1000MΩ 1000MΩ 1000MΩ ______ 
 
Heaters 
 
  Hipot (1000V/ Passed Passed Passed ______ 
  1 min) 
 
  IR 1000MΩ 1000MΩ 1000MΩ ______ 
 
  Resistance 16.2Ω 16.8Ω 16.6Ω ______ 
 
Noise Level Passed Passed Passed 90DBA 
 
The above tests were conducted in accordance with IEEE 112A with the following 
setups. 
 1 -  Speed and Current Input at No Load 
 
  These tests are in accordance with IEEE No. 112A, Paragraphs 4.6 and 4.9. The 

test with no load is made by running the machine at rated voltage and frequency 
without connected load. To insure that the correct value of friction loss in 
obtained, the machines are operated until the input becomes constant. The 
current is read in each line. The speed current characteristic is the relation 
between current and speed. The speed torque and speed current tests may be 
made with a dynamometer or a calibrated machine as the load. Measurements of 
current voltage and speed are made. The torque output is obtained directly from 
dynamometer readings or indirectly (by calculation) from calibrated machine 
measurements. 

 
  The speed-torque and speed-current tests whall be made at rated voltage or as 

near to it as is practical. 
 
 2 - Current Input with Locked Rotor 
 
  This test is in accordance with IEEE No. 112A dated Spetember 1964 

Paragraphs 4.8. This test may be taken either as a check of quality or to 
determine performance. When possible, readings were taken at rated voltage 
and frequency, since the current is not directly proportional to the voltage 
because of changes in reactance caused by saturation of the leakage paths. 

 
 3 - Dielectric Tests 
 
  Dielectric tests are in accordance with IEEE No. 112A, paragraph 6.2. 

Measurement of dielectric test voltage are discussed in American Standard 
Measurement of Voltage in Dielectric Tests, C68, 1-1953 (IEEE No. 4). The 
voltmeter method of measurement is commonly used. 
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  The dielectric test voltage was successively applied between each electric circuit 
and the frame with the windings not under test and the other metal parts 
connected to the frame. Interconnected polyphase windings (2 phase 4 wire 
included) are considered as one circuit. 

 
  No loads were left unconnected during the test as this could cause an extremely 

severe strain at some point in the winding. in making the test, the voltage was 
increased to full value as rapidly as possible while still maintaining an accurate 
meter reading, and the full voltage maintained for one minute. It was then 
reduced to one-quarter value or less in not more than 15 seconds. 

 
  The following environmental conditions were specified and attested to by the 

Vendor: 
 
  Location -   outdoor 
 
  Altitude -   sea level 
 
  Ambient temperature range - (30°F to 120°F) 
 
  Site Conditions -  subject to torrential rains, and salt-laden atmosphere. 
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E. LOGIC EQUIPMENT - Engineered Safety Features Activation Signals 
 
 
1. Equipment Design Specification Requirements 
 
The logic panels for the initiation of the engineered safeguards were designed in strict conformity 
with the IEEE No. 279 "Criteria for Nuclear Power Plant Protection System" and contain control 
and instrumentation used to generate the following actuation signals: 
 
 a - Safety Injection Actuation Signal (SIAS)  
 b - Recirculation Actuation Signal (RAS)  
 c - Containment Spray Actuation Signal (CSAS)  
 d - Containment Isolation Signal (CIS)  
 e - Main Steam Isolation Signal (MSIS) 
 
These actuation signal logics consist of solidstate circuits using standard reliable hardware of 
modular design for easy servicing and/or replacement. 
 
The logic panels are designed in accordance with St. Lucie FSAR, particularly Sections 3.10, 
3.11, 6.2, 6.3, 7.1, 7.3, and 17. 
 
The instrumentation and controls which actuate and control the engineered safeguards systems 
were designed on the following bases: 
 
 a - Redundant instruments are provided for initiating safeguards systems action. No 

single component failure presents safety action. 
 
 b - Four sensors are used for each of the critical parameters. 
 
 c - The operation of any two of four sensors must initiate the appropriate engineered 

safeguards action. (Two out of three when one sensor is disconnected for 
maintenance). 

 
 d - Redundant circuit wiring run in separate wiring raceways and power supplies are fed 

from separate high quality instrument buses, consistent with the principle of 
maintaining independence of channels. 

 
 e - A loss of instrument power to the measurement channels and logic systems initiates 

engineered safeguards actuation signals. All measurement channels and logic 
matrices assume the nonconducting state when initiation of safeguards occurs. 
(Except as noted) 

 
 f - Each circuit component in all the systems is periodically tested and visually verified of 

its proper functioning or its malfunctioning. Malfunctions are commonly annunciated. 
 
 
* - Except where noted otherwise 
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 g -  All equipment, including panels, components and cables associated with the 
engineering safeguards systems are marked with colored markers or nameplates 
in order to facilitate its identification. The following colors are used: 

 
   Measurement Channel A - Red 
   Measurement Channel B - Yellow 
   Measurement Channel C - Green 
   Measurement Channel D - Blue 
   Safety Channel A - Orange 
   Safety Channel B - Purple 
   Safety Channel A - Pink 
 
 h -  Electrical circuit separation is provided between engineered safeguards systems 

and annunciations, data loggers and computers. 
 
 i -  Environmental Conditions: The equipment is located in an air-conditioned control 

room. Equipment performs as specified when subjected to the following 
environmental conditions. 

 
   Temperature, Control Room:  Expected normal - 72 F 
       Operating Range - 40 F to 130 F  
   Ambient Humidity Range: 40% to 95% max relative humidity 
   Line Voltage - 115 v a-c ±10% 
   Line Frequency - 60 Hz ± 5% 
 
2. Test Plan 
 
Preproduction modules are subjected to the following tests: 
 
 a - Operating (including range adjustment) 
 b - Temperature 
 c - Power Consumption  
 d - Supply Voltage 
 
Testing of current production modules which have undergone above test is not required provided 
test results are made available to Florida Power & Light Co. 
 
The following tests are performed to assure conformance with requirements of this specification: 
 
 a - Visual Examination (all units) 
 b - Operating (all units) 
 c - Temperature (on a sample) 
 d - Dielectric Strength (on a sample) 
 e - Insulation Resistance (all units) 
  f - Noise Susceptibility (on a sample) 
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Florida Power & Light reserves the right to review and evaluate test data on previously produced 
designs for assurance that the equipment will conform with the requirements of this specification. 
 
The system testing demonstrates the compatibility between assemblies and the ability of the 
equipment to be operated as a system. Simulated input signals and monitoring for outputs are 
utilized in this testing. 
 
System testing includes: 
 
 a - Visual examination  
 b - Operating test 
 
  1 - Operating test may be used to confirm correct system wiring. 
  2 - Point-to-point wiring check of all wiring not included in the operating test. 
                               (Example: A board mounted handswitch with wiring for external use by others.) 
 
 c - Dielectric strength of wiring 
 d - Insulation resistance of wiring 
 e - Supply voltage 
 f  - Power consumption 
 g - Module interchangeability 
 h - Noise susceptibility 
 
In addition, the equipment is operated for four weeks as a "burn-in" test to demonstrate its 
stability to determine any design oversights and to provide time for the development of any "infant 
mortality" component failures. System testing time may be counted as part of the "burn-in" test 
time. 
 
The "burn-in" includes two weeks accelerated life testing. This test involves operating at the 
undervoltage and overvoltage extremes with periodic (minimum one per day) 15 minute de-
energization of the equipment. 
 
3. Test Set Up, Procedures and Acceptability Requirements 
 
The following test descriptions define the requirements of the tests specified in the proceeding 
paragraphs. 
 
 a - Visual examination of: 
 
      Workmanship, assembly and fit 
      Materials, parts and finishes 
      Treatment for prevention of corrosion 
      Safety requirements 
      Marking 
 
 b - Operating: The equipment shall be energized and subjected to an operating test to 
                  ensure proper functioning including all controls and adjustments. It shall be 
                  demonstrated that the alignment procedures to be incorporated in the technical 
                  manual are adequate for aligning equipment. In devising the test procedure, 
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 reference shall be made to the component specification for the operating limits and 
accuracies and other operational requirements. 

 
 Tests shall demonstrate that the equipment meets the functional requirements of this 

specification, particularly in regard to obtaining outputs with the correct combination of 
inputs. 

 
 Demonstration that sufficient isolation is provided so that interaction between redundant 

channels or between protective channels and measurement circuits does not exist. 
 
 Demonstration that sufficient interlocks exist so that normal and abnormal test 

procedures do not produce dangerous conditions. For example, testing in an unusual 
sequence. 

 
 Demonstration that interlocks do not prevent normal operation of 
 the plant. 
 
       c - Temperature: Equipment shall be tested at the minimu, 77 F ± 10 F 
 and maximum equipment ambient temperatures based on specified 
 control room temperature and allowing for the enclosure temperature 
 rise. Equipment shall meet the component temperature specifications. 
 (Control room temperature) 
 
        d - Power Consumption: Equipment shall be checked to determine power 
 required from the supply line or power supply. Power or current 
 from each supply shall be recorded. 
 
        e - Dielectric Strength: Complete assemblies shall be subjected to 
 a dielectric strength test. The test voltage specified below 
 shall be applied for a period of not less than 1 minute except 
 that for equipment requiring a test voltage of 2,500 volts or 
 less, a test voltage 20 percent higher than that specified may 
 be applied for a period of not less than 1 second. Before testing 
 an assembly having circuits grounded to chassis, the ground to 
 chassis shall be disconnected. Shielding shall not be dis- 
 connected from ground. The test voltage shall be applied between 
 each electrically isolated circuit and ground. After completion 
 of this test, there shall be no evidence of punctured insulation 
 or arcing. 
 
 The test voltage shall approximate a true sine wave and shall have 
 a frequency not less than the rated frequency of the circuit under 
 test. The magnitude of the test voltage shall be determined as 
 follows: 
 
 The dielectric test voltage shall be 500 volts AC. 
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         f - Insulation Resistance (cold): Completed assemblies shall be subjected to an insulation 
resistance test. Prior to application of the test voltage, the grounds for all grounded 
circuits shall be disconnected from ground. The test voltage shall be applied between all 
electrically isolated circuits and between each circuit and ground. Criteria for establishing 
the boundaries of an electrically isolated circuit shall be as specified for the dielectric 
strength test. When testing between the circuits and ground, all circuits may be tied 
together so that only one test voltage need be applied, providing that the insulation 
resistance when tested in this manner meets the minimum value specified in the 
individual component specification. The time of test voltage application shall be not less 
than 60 seconds. The test shall be conducted with the equipment cold at any convenient 
room temperature. The temperature of the circuits at the time of the test shall be 
measured and recorded. 

 
 
       g - Supply Voltage: The equipment shall be operated at the extremes of supply voltage 

specified for the system. Line voltage operated equipment shall be tested at the extremes 
of line voltage specified in Section 1. Equipment operating from DC power supplies will 
be tested with voltage variations equal to or greater than those anticipated or measured 
with the combined effects of line and load regulation. 

 
       h -  Module Interchangeability: Evidence of module and assembly interchangeability shall be 

provided. Modules and assemblies refer to NIB modules or other plug-in or readily 
changeable assemblies that will be stocked as spare parts. 

 
        i -  Noise Susceptibility: Electrical noise tests shall be determined by the designer. Tests 

shall endeavor to ensure the equipment will operate satisfactorily in the presence of 
radiated and conducted electrical noise. 

 
Certified performance data (from actual tests) shall include conformance with IEEE 279 "Nuclear 
Power Plant Protection Systems" dated June 3, 1971. Compliance with Paragraph 4.2 of IEEE 
279 shall be demonstrated by performing a fail safe and fault analysis of all components in the 
system. 
 
Consolidated controls shall also perform a reliability analysis for all equipment supplied with this 
specification. This analysis shall describe the system reliability in terms of "Mean Time Between 
Failure (MTBF)" and recommend test intervals to maintain the reliability at various levels. 
 
It is the intent of this document to demonstrate that the equipment meets the IEEE Standards for 
Nuclear Power Plant Protection Systems and NRC "General Design Criteria for Nuclear Power 
Plant Construction Permits." 
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Further compliance with the following is required: 
  
  a  - IEEE 279 "Nuclear Power Plant Protection Systems"  
 b  - IEEE 308 "Criteria for Class 1E Electric Systems for  
       Nuclear Power Generating Stations" 
 c  - AEC Publication TID 7024 "Nuclear Reactors & Earthquakes" 
  
Engineered safeguard logic panel seismic qualification is documented in FSAR Chapter 3, 
Appendix 3B. 
 
4. Certification and acceptability of this equipment is documented in Attachments 1 and 2, 

appended. 
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Attachment 1 

 
 CERTIFICATION 
 
 Engineered Safeguards Logic Panels 
 St. Lucie Plant Unit No. 1 
 
The Engineered Safeguards Logic Panels are manufactured and tested in accordance with 

approved Drawings and Test Procedures in accordance with the Purchase Order requirements 

and specifications of Purchase Order NY 422292 and Specification FLO-8770.145. 

 

The quality assurance package contained herein verifies that the Engineered Safeguards Logic 

Panels, Part No. 9N17 are in accordance with these purchase specifications, drawing revisions, 

and test procedures. 
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Ebasco Services Inc. 
2 Rector Street Room 800 
New York, New York  10006 
 
Attention:  Mr. Vito Oniunas 
     
Subject:  Qualification of Engineered Safeguard  
   Logic Panels 
      St. Lucie Unit # 1 
  
Gentlemen: 
 
Enclosed is the certification of the humidity and seismic qualification items per our telecon of  
 
2/12/74.  We are pleased to be of assistance at this time. 
  
 
     Very truly yours, 
 
     CONSOLIDATED CONTROLS CORPORATION 
 
 
 
 
 
 
     Product Manager, Systems 
 
 
/Lmp   
 
Enclosure: Certification 
  Engineered Safeguard Logic Panels  
  St. Lucie Nuclear Power Station  
  Unit # 1 
  Dated February 14, 1974 
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 ATTACHMENT 2 (Cont'd) 
 CERTIFICATION 
 Engineered Safeguard Logic Panels 
 St. Lucie Nuclear Power Station 
 Unit # 1 
 February 14, 1974 
 
  
I Engineered Safeguard Logic modules 6N81 through 6N87 similar to 6N88, 6N89, 6N90, 

6N91 and 6N92 were temperature qualified to 130 degrees Fahrenheit and 94% RH.  

The modules met all specification during the seven day test.  Consolidated Controls 

Corporation Engineering Report # 803 dated 2/21/73 incorporates the procedure and 

data of this qualification. 

  

II Engineered Safeguard Logic actuation relays S. H. Couch type 4CP36-AF were tested 

both in the energized and de-energized state during seismic qualification of the St. Lucie I 

equipment.  Proper operations of the relays were verified prior to and subsequent to the 

application of the seismic forces.  This data is contained in Consolidated Controls 

Corporation Engineering Report # 824 dated 12/5/73. 

 

 In addition to the above qualification testing, Consolidated Controls Corporation has 

previously qualified actuation relays built by S. H. Couch Company.  Consolidated 

Controls Corporation Engineering Report # 771, Confidential Restricted Data dated 

12/5/69, documents the operation of a S. H. Couch 4AP37-AF relay during a MIL-STD-

167 vibration test.  After three hours of vibration, two relays were switched due to the 

application 
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 ATTACHMENT 2 (Cont'd) 
  
 
CERTIFICATION 
Page Two 
  
 
 of trip imput driving signals.  The equipment tested was Reactor-Protective Equipment 

being provided to the U. S. Navy.  The 4AP37-AF relay is of the same construction as the 

4CP36-AF relay being used in the St. Lucie I equipment.  The only differences are the "A-

P" which changes contact current capacity and the "37-36" which changes the coil 

impedence.  The relay operated properly during the vibration and met all specified 

performance requirements. 

  

 

     CONSOLIDATED CONTROLS CORPORATION 

  

 
 
 
 /lmp 
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 F.                CABLE - 2/C #14  Shielded Twisted Pair 
 
 
The item selected as an example is from Purchase Order NY-422273, General Cable 
Corporation, Bill of Material Item D4-7: one-pair (2 conductor) #14 AWG, 7 strands, soft drawn 
coated copper, 30 mils XLPE unfilled insulation (90 C rating), 15 mils color coated PVC jacket 
over insulation, cabled with Dupont Hyten Type 102 nylon fillers and overall mylar tape, #16, 7 
stranded bare soft drawn copper drain wire, copper mylar shielding tape and 45 mils PVC overall 
jacket. 
 
The purchase order specification Ebasco Specification FLO-8770-292A initially issued March 5, 
1971, stated "The requirements and test procedures established by the latest ANSI, IEEE, 
NEMA, ASTM, ASME, NBFU, UL, AEIC and IPCEA standards, whenever applicable, are in force 
as minimum requirements.  Also the specification called for the following additional test 
requirements to be met: 
 
 1) Single completed conductors to meet UL44 horizontal flame test 
  
2) Prior to cabling, the individual insulated conductors shall be given a 2500 volt a-c spark 

test by grounding the conductors and appling a voltage by use of flexible metal fingers 
around the insulated conductors as the conductors are cabled. 

  
 3) The completed cable shall be given: 
  

a) Dielectric Tests - 1000 volts a-c for 5 minutes, conductor to conductor, and 
conductor to shield. 

  
  b)    Sheath shall be subjected to an a-c spark test of 3000 volts minimum. 
  
  c)    Insulation resistance measurements per IPCEA S-19-81, Paragraph  6.23. 
  
4) Jacket material shall have a maximum gravimetric water absorption of 40 milligrams per 

square inch after immersion in water at 70°C  for seven days. 
  
5) The jacketed cable shall pass the IPCEA vertical flame test. 
  
6) The completed cable shall withstand a total radiation dose of 5.0x105 rads. 
  
7) Cable shall be suitable for operation for a period of up to 15 minutes post LOCA. (FSAR 

Section 3 Environmental Category 1B). 
  
The basic document for factory testing is IPCEA S-66-524 entitled "Cross-Linked-Thermosetting-
Polyethylene-Insulated Wire And Cable For The Transmission And Distribution Of Electrical 
Energy".  Part 6 of this document covers "Testing And Test Methods".  Vendor's certificate of 
compliance states that this has been complied with.  Results of these tests are part of the QA 
project documentation files. 
 
The results of the additional testing required by the specification is as follows. (Numbers refer to 
above-mentioned additional test requirements) 
 
  1. The completed single conductor passed the UL44 horizontal flame test. 
  
  2.  The spark test was run as part of the cabling process. 
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ELECTRICAL CABLE (Cont'd) 
 
3. a) and b) a 4.0KV a-c Voltage was applied for 5 minutes with no failure 

observed 
c) Insulation resistance measurements per IPCEA S-19-81, Paragraph 6.23 were 26400 
megohms per thousand feet.  Minimum acceptable reading is 3950 megohms per thousand 
feet. 

 
4. The water absorption (gravimetric method) was observed to be 7.3 milligrams per square 

inch. 
 
5. The jacket cable material successfully passed the IPCEA vertical flame test. 
 

6&7.  A sample of this cable was subjected to a radiation dose of 5x105 rads and then subjected to 
post-LOCA condition of steam and chemical sprays by the Franklin Institute. 

 
 The environmental conditions were as follows: 
 
 a)  From ambient to 50 PSIG and 286 o F within 5 seconds.  

 
       Time (Hrs)                Pressure(PSIG)             Temp (OF) 
  
 

3 49 269 
24    6 161 
71 5.5 161 

121 5.5 160 
181 5.5 162 
196 0* 80* 

 
    * Prior to removal of cable from chamber. 
  
The chemical spray, consisting of 2000 ppm of boron as boric acid buffered with NaOH to a pH of 
9.0 was turned on 30 seconds after the test started and remained on throughout the entire test 
period.  The spray was maintained at a rate of 0.6 gpm. 
     
The cables were electrically energized throughout the steam chemical-spray exposure at 300 
volts a-c between conductors.  The power was turned off approximately one hour prior to each 
set of insulation resistance measurements and tuned back on immediately after the 
measurements were made.  The minimum insulation resistance reading was 3.2x108 ohms. 
 
The conclusions of the Franklin Institute were as follows: "Nine samples were submitted for test.  
Eight samples were exposed to gamma radiation for a total accumulated (equivalent air) dose of 
0.5 megarad.  One cable was retained as a control element.  Four of the eight cables that were 
exposed to gamma radiation were further subjected to a steam/chemical spray environment that 
lasted seven and one-half days.  The cables were electrically energized to 300 Vac with no 
current, during the radiation and steam/chemical-spray exposures.  Measurements of insulation 
resistance were made periodically throughout the test program.  No electrical difficulties were 
encountered and the cables were considered to have performed satisfactory throughout the test 
program". 
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General Cable Corporation further stated: "The results of physical properties and voltage tests 
after irradiation, steam and chemical exposure of the completed cable indicate retention of all 
essential properties for satisfactory electrical performance". 
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G.                 DIESEL GENERATOR CONTROL PANEL - 1A 
 
Purchase Order Specifications FLO-8770-305 and FLO-8770-290 initially issued January 30, 
1970 and December 15, 1968 respectively, required the use of Specification FLO-8770-290 for 
the construction of the diesel generator control panel.  The production test requirements for the 
control panel were a)  a continuity check and b) a 1000 volt meggar check of all non-electronic 
circuits with a minimum reading of 25 megohms. 
 
The purpose of the continuity check (a) above, was to insure that the wiring was in accordance 
with the vendor's drawings.  The procedure is to check continuity between various terminals to 
insure that the circuit is continuous as indicated by the applicable drawings.  The test results of 
the diesel control panel indicated that the control panel was wired in accordance with the 
applicable drawings and tested accordingly. 
 
The purpose of the 1000 volt meggar check is to insure that the integrity of the wiring is 
maintained.  The procedure is to apply the voltage to each terminal point (following the 
disconnection of all electronic equipment which can be damaged by 1000 volts) and record the 
meggar reading.  Any reading of less than 25 megohms requires that the circuit be checked and a 
repair made which will result in the proper reading.  The result of this test was a minimum reading 
of 40 megohms. 
 
In addition to the control panel check, the purchase order specification required various functional 
checks of equipment on the diesel generator.  The results of these tests were submitted to the 
staff as a proprietary document.   A review of this test indicates that the control panel operated as 
specified for all operating conditions including a) the 300 start test and b) normal performance 
tests. 
 
All tests performed by the diesel generator control board vendor were witnessed by Ebasco 
Quality Compliance Inspectors with the results as indicated in the above-mentioned report. 
 
ENVIRONMENTAL REQUIREMENTS 
 
The purchase order specification listed the following service conditions: 
 
    1) Location -.Indoor 
  
  2) Altitude - Sea Level 
  
  3) Ambient Temperature - 40°C (104°F) 
  
  4) Location of Air Intake - Outdoor 
                         
                        5)    Location of Exhaust – outdoor 
                   
                           6)    Site Conditions - The plant site is subject to torrential rains, hurricane winds, 
                                floods and a salt-laden atmosphere. 
 
The control panel was fabricated Nema 1 with thermostatically controlled space heaters to 
preclude condensation.  The control panel utilized industrial components which will operate in a 
40°C ambient condition. 
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ENVIRONMENTAL REQUIREMENTS (Cont'd) 
 
 
Vendors certificate of compliance states that all requirement of the purchase order specification 
have been complied with. 
 
 
SEISMIC TESTING 
 
 
Due to the difficulty in supporting the integrity of electrical continuity where required to maintain 
the diesel generator in an operative mode by calculation, actual simulated tests have been 
performed.  The electrical cabinet was excited bi-directionally from 1 through 35 Hertz and at 
acceleration forces up to 0.35 g. 
 
 
TEST REQUIREMENTS 
 
 
a)     Resonant search 
  
        A sine sweep from 1 Hertz to 33 Hertz at a logarithmic rate of 1 octave per minute and at                  
        a level of 0.20g horizontally and 0.1g vertically was preformed. 
  
b) Full level tests 
  
  Sine dwells at the six most significant resonant frequencies was performed  
        (7,8,11,15,23,33Hz).  Force levels in gravity units were 0.3 horizontal and 0.2 vertical.  The        
        duration of each dwell test was 30 seconds. 
  
c) Circuit monitoring 
  
  Electrical circuits were monitored to ascertain electrical continuity, current/voltage levels,   
        spurious operation, contact chatter, etc., before, during and after the seismic excitation. 
  
d) Insulation resistance 
  
  Insulation resistance measurements were performed before and after seismic tests on two  
        electrical circuits. 
  
TEST PROCEDURES AND RESULTS 
 
a)    Resonant search 
  
  During the sine sweep from 1 to 33 Hz chatter occurred on the lockout relay signal from 5 to  
        6 Hz.  A CFD relay was temporarily disconnected and the test resumed.  No further chatter  
        occurred.  The rear door was reinforced with 1"x1" angle iron in the area of the CFD relay.   
        The sine sweep was performed again with lockout relay chatter at 15 Hz. A  short dwell test  
        was then performed at 15 Hz with no relay chatter.   Again a sine sweep was performed with  
        lockout relay chatter at 15 Hz. 
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The rear door was bolted at the top and bottom to simulate-door latches.  The bolts allowed the 
rear door to be fastened at four points.  The sine sweep was performed again with no chatter 
occurring.  Six responsive frequencies were then selected for full level dwell testing. (7,8,11,15, 
23 and 33 Hz). 
  
 
TEST PROCEDURES AND RESULTS (Cont'd) 
 
b) Full level testing 
  
 Steady state sine dwell testing was performed at frequencies of 7, 8, 11, 15, 23 and 33 Hz.   
        The input during these dwell tests were: 
  
   Horizontal Input     0.3g peak 
  
   Vertical Input         0.2g peak 
  
  In addition, at 15 Hz the inputs were raised to .37g horizontal and .25g vertical to insure the  
        integrity of the lockout relay. 
  
 All monitored circuits performed as required during the sine dwell test. 
  
 c)   Circuit monitoring 
  
  Following the reinforcement and bolting of the rear door, no further  relay chatter occurred. 
  
 d)    Insulation resistance 
  
  The insulation resistance measurements were taken from a terminal point to ground  
        (readings in megohms): 
  
                   Circuit Tested        Before Test         After Test 
 
   100  20   17.5 
  
   102  21   17.0 
 
CONCLUSION 
  
To insure the reliability of the structure, addition of formed gussets and/or channels were added 
to each compartment with emphasis on directing the stress toward the base of the cabinet.  This 
elevated the natural frequency a greater amount over the floor spectra. 
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 TEST PROCEDURES AND RESULTS  (Cont'd) 
 
b) Full level testing 
  
  Steady state sine dwell testing was performed at frequencies of 7,8,11, 15,23 and 33 Hz.   
        The input during these dwell tests were: 
  
   Horizontal Input  0.3g peak 
  
   Vertical Input 0.2g peak 
  
       In addition, at 15 Hz the inputs were raised to .37g horizontal and .25g vertical to insure the  
       integrity of the lockout relay. 
  
 
       All monitored circuits performed as required during the sine dwell test. 
  
 c)   Circuit monitoring 
  
  Following the reinforcement and bolting of the rear door no further relay chatter occurred. 
  
 d)    Insulation resistance 
  
  The insulation resistance measurements were taken from a terminal point to ground  
        (readings in megohms): 
  
                        Circuit Tested        Before Test         After Test 
                
  100  20   17.5 
                
  102  21   17.0 
  
CONCLUSION 
  
To insure the reliability of the structure addition formed gussets and/or channels were added to 
each compartment with emphasis on directing the stress toward the base of the cabinit.  This 
elevated the natural frequency a greater amount over the floor spectra. 
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 TEST PROCEDURES AND RESULTS  (Cont'd)

b) Full level testing

 Steady state sine dwell testing was performed at frequencies of 7,8,11, 15,23 and 33 Hz.
        The input during these dwell tests were:

 Horizontal Input 0.3g peak

 Vertical Input 0.2g peak

       In addition, at 15 Hz the inputs were raised to .37g horizontal and .25g vertical to insure the
       integrity of the lockout relay.

       All monitored circuits performed as required during the sine dwell test.

 c)   Circuit monitoring

 Following the reinforcement and bolting of the rear door no further relay chatter occurred.

 d)    Insulation resistance

 The insulation resistance measurements were taken from a terminal point to ground
        (readings in megohms):

                        Circuit Tested        Before Test        After Test

100 20 17.5

102 21 17.0

CONCLUSION

To insure the reliability of the structure addition formed gussets and/or channels were added to
each compartment with emphasis on directing the stress toward the base of the cabinit.  This
elevated the natural frequency a greater amount over the floor spectra.
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ALTERNATIVE POSTULATED RUPTURE LOCATIONS IN FLUID SYSTEM
PIPING INSIDE AND OUTSIDE CONTAINMENT FOR ASME CLASS 2,

CLASS 3 AND NON ASME CLASS PIPING SYSTEMS

BRANCH TECHNICAL POSITION MEB 3-1
AS APPLICABLE TO ST. LUCIE UNIT 1
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3.6-1
APPENDIX 3.J

POSTULATED RUPTURE LOCATIONS IN FLUID SYSTEM
PIPING INSIDE AND OUTSIDE CONTAINMENT

(BRANCH TECHNICAL POSITION MEB 3-1)

A. BACKGROUND

This position on pipe rupture postulation is intended to comply with the requirements of General Design
Criterion 4, of Appendix A to 10 CFR Part 50 for the design of nuclear power plant structures and
components. It is recognized that pipe rupture is a rare event which may only occur under unanticipated
conditions, such as those which might be caused by possible design, construction, or operation errors;
unanticipated loads or unanticipated corrosive environments. Our observation of actual piping failures
has indicated that they generally occur at high stress and fatigue locations, such as at the terminal
ends of a piping system at its connection to the nozzles of a component. The rules of this position are
intended to utilize the available piping design information by postulating pipe ruptures at locations having
relatively higher potential for failure, such that an adequate and practical level of protection may be
achieved.

B. DESIGN CRITERIA FOR THE DETERMINATION OF POSTULATED PIPING BREAKS

1. High-Energy Fluid Systems Piping

a. Fluid Systems Separated From Essential Systems and Components

For the purpose of satisfying the separation provisions of plant arrangement as
specified in B.1.a of Branch Technical Position (BTP) ASB 3-1, a review of the piping
layout and plant arrangement drawings should clearly show the effects of postulated
piping breaks at any location are isolated or physically remote from essential systems
and components1.  At the designer's option, break locations as determined from B.1.c.
of this criteria may be assumed for this purpose.

b. Fluid System Piping in Containment Penetration Areas

Breaks and cracks need not be postulated in those portions of piping from containment
wall to and including the inboard or outboard isolation valves provided they meet the
requirement of the ASME Code, Section III, Subarticle NE-1120 and the following
additional design requirements:

_______________
1 Systems and components required to shut down the reactor and mitigate the consequences of a

postulated pipe rupture without offsite power.
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B.1.b. (1) The following design stress and fatigue limits should not be exceeded:

For ASME Code, Section III, Class 1 Piping

(a), (b), (c) THESE SECTIONS ARE INTENTIONALLY OMITTED

For ASME Code, Section III, Class 2 Piping

(d) The maximum stress as calculated by the sum of Eqs. (9) and (10) in
Paragraph NC-3652, ASME Code, Section III, considering those loads and
conditions thereof for which level A and level B stress limits have been
specified ln the system's Design Specification (i.e., sustained loads,
occasional loads, and thermal expansion) including an OBE event should not
exceed 0.8(1.8 Sh + SA). The Sh and SA are allowable stresses at maximum
(hot) temperature and allowable stress range for thermal expansion,
respectively, as defined in Article NC-3600 of the ASME  Code, Section III.

(e) The maximum stress, as calculated by Eq. (9) in NC-3653 under the loadings
resulting from a postulated piping failure of fluid system piping beyond these
portions of piping should not exceed the lesser of 2.25 Sh and 1.8 SY.

Primary loads include those which are deflection limited by whip restraints.
Higher Stresses may be allowed following a failure when the following
conditions exist:

i) The piping is between the outboard isolation valve and the first restraint
ii) A plastic hinge is not formed
iii) operability of the valves with the higher stress is assured in

accordance with the requirements specified in SRP Section 3.9.3
iv) piping is constructed in accordance with ANSI B31.1
v) The piping shall either be of seamless construction with full

radiography of all circumferential welds, or all longitudinal and
circumferential welds shall be fully radiographed.

(2) Welded attachments, for pipe supports or other purposes, to these portions of piping
should be avoided except where detailed stress analyses, or tests, are performed to
demonstrate compliance with the limits of B.1.b.(1).

(3) The number of circumferential and longitudinal piping welds and branch connections
should be minimized. Where guard pipes are used, the enclosed portion of fluid system
piping should be seamless construction and without circumferential welds unless
specific access provisions are made to permit inservice volumetric examination of the
longitudinal and circumferential welds.

(4) The length of these portions of piping should be reduced to the minimum length
practical.
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B.1.b (5) The design of pipe anchors or restraints (e.g., connections to containment penetrations
and pipe whip restraints) should not require welding directly to the outer surface of the
piping (e.g., flued integrally forged pipe fittings may be used) except where such welds
are 100 percent volumetrically examinable in service and a detailed stress analysis is
performed to demonstrate compliance with the limits of B.1.b.(1).

(6) Guard pipes provided for those portions of piping in the containment penetration areas
should be constructed in accordance with the rules of Class MC, Subsection NE of the
ASME Code, Section III, where the guard pipe is part of the containment boundary.  In
addition, the entire guard pipe assembly should be designed to meet the following
requirements and tests:

(a) The design pressure and temperature should not be less than the maximum
operating pressure and temperature of the enclosed pipe under normal plant
conditions.

(b) The Level C stress limits in NE-3220, ASME Code, Section III, should not be
exceeded under the loadings associated with containment design pressure and
temperature in combination with the safe shutdown earthquake.

(c) Guard pipe assemblies should be subjected to a single pressure test at a
pressure not less than its design pressure.

(d) Guard pipe assemblies should not prevent the access required to conduct the
inservice examination specified in B.1.b.(7).  Inspection ports, if used, should
not be located in that portion of the guard pipe through the annulus of dual
barrier containment structures.

(7) A 100% volumetric inservice examination of all pipe welds should be conducted during
each inspection interval as defined in IWA-2400, ASME Code, Section XI.

B.1.c. Postulation of Pipe Breaks In Areas Other Than Containment Penetration

(1) THIS SECTION INTENTIONALLY OMITED

(2) With the exceptions of those portions of piping identified in B.1.b., breaks in Class 2
and 3 piping (ASME Code, Section III) should be postulated at the following locations in
those portions of each piping and branch run:

(a) At terminal ends.

(b) At intermediate locations selected by one of the following criteria:

(i) At each pipe fitting (e.g., elbow, tee, cross, flange, and nonstandard
fitting), welded attachment, and valve.  Where the piping contains no
fittings, welded attachments, or valves, at one location at each
extreme of the piping run adjacent to the protective structure.
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B.1.c (2) (b) (ii) At each location where stresses calculated2 by the sum of Eqs. (9)
and (10) in NC/ND-3653, ASME Code, Section III, exceed 0.8 times
the sum of the stress limits given in NC/ND-3653.

As a result of piping reanalysis due to differences between the design
configuration and the as-built configuration, the highest stress
locations may be shifted; however, the initially determined intermediate
break locations may be used unless a redesign of the piping resulting
in a change in pipe parameters (diameter, wall thickness, routing) is
required, or the dynamic effects from the new (as-built) intermediate
break locations are not mitigated by the original pipe whip restraints
and jet shields.

(3) Breaks in seismically analyzed non-ASME Class piping are postulated according to
the same requirements for ASME Class 2 and 3 piping above3.

(4) Applicable to (1), (2) and (3) above:

If a structure separates a high energy line from an essential component, that separating
structure should be designed to withstand the consequences of the pipe break in the
high energy line which produces the greatest effect at the structure irrespective of the
fact that the above criteria might not require such a break location to be postulated.

(5) Safety-related equipment must be environmentally qualified in accordance with 10 CFR
50.49.  Required pipe ruptures and leakage cracks (whichever controls) must be
included in the design bases for environmental qualification of electrical and mechanical
equipment both inside and outside the containment.

B.1.d. The designer should identify each piping run he has considered to postulate the break locations
required by B.1.c. above.  In complex systems such as those containing arrangements of
headers and parallel piping running between headers, the designer should identify and include
all such piping within a designated run in order to postulate the number of breaks required by
these criteria.

B.1.e. With the exception of those portions of piping identified in B.1.b, leakage cracks should be
postulated as follows:

(1) THIS SECTION INTENTIONALLY OMITTED

(2) For ASME Code, Section III Class 2 and 3 or nonsafety class (not ASME Class 1, 2 or
3) piping, at axial locations where the calculated stress2 by the sum of Eqs. (9) and
(10) in NC/ND-3653 exceeds 0.4 times the sum of the stress limits given tn
NC/ND-3653.

_______________

2 For those loads and conditions in which Level A and Level B stress limits have been specified in the
Design Specification (including the operating basis earthquake).

3 Note that in addition, breaks in non-seismic, that is, non-Category I piping, are to be taken into
account as described in Section II.2.k.  "Interaction of Other Piping with Category I Piping" of SRP
3.9.2.
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B.1.e. (3) Nonsafety class piping which has not been evaluated to obtain stress information 
should have leakage cracks postulated to axial locations that produce the most 
severe environmental effects. 

 
B.2. Moderate-Energy Fluid System Piping 
 
 The design bases for St. Lucie Unit 1 required only High Energy piping systems to be 

analyzed and  protected for postulated pipe breaks.  In some cases, portions of systems 
with pressures as low as 125 psig were analyzed and protected for pipe whip consistent 
with the same methodology as high energy piping systems. 

 
 Those portions of systems as low as 125 psig shall be analyzed in accordance with the 

original plant criteria or section B.1 above.  THEREFORE, THE MODERATE ENERGY 
CRITERIA PER MEB 3-1 IS INTENTIONALLY OMITTED. 

 
B.3. Type of Breaks and Leakage Cracks in Fluid System Piping 
 
B.3.a. Circumferential Pipe Breaks 
 
 The following circumferenttal breaks should be postulated individually in high-energy fluid 

system piping at the locations spectfied in B.1 of this criteria: 
 
 (1) Circumferential breaks should be postulated in fluid system piping and branch 

runs exceeding a nominal pipe size of 1 inch, except where the maximum stress 
range2 exceeds the limits specified in B.1.c.(1) and B.1.c.(2) but the 
circumferential stress range is at least 1.5 times the axial stress range. 
Instrument lines, one inch and less nominal pipe or tubing size should meet the 
provisions of Regulatory Guide 1.11. 

 
 (2) Where break locations are selected without the benefit of stress calculations, 

breaks should be postulated at the piping welds to each fitting, valve, or welded 
attachment. 

 
 (3) Circumferential breaks should be assumed to result in pipe severance and 

separation amounting to at least a one-diameter lateral displacement of the 
ruptured piping sections unless physically limited by piping restraints, structural 
members, or piping stiffness as may be demonstrated by inelastic limit analysis 
(e.g., a plastic hinge in the piping is not developed under loading). 

 
 (4) The dynamic force of the jet discharge at the break location should be based on 

the effective cross-sectional flow area of the pipe and on a calculated fluid 
pressure as modified by an analytically or experimentally determined thrust 
coefficient.  Limited pipe displacement at the break location, line restrictions, flow 
limiters, positive pump-controlled flow, and the absence of energy reservoirs may 
be taken into account, as applicable, in the reduction of jet discharge. 

 
 (5) Pipe whipping should be assumed to occur in the plane defined by the piping 

geometry and configuration, and to initiate pipe movement in the direction of the 
jet reaction. 
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B.3.b. Longitudinal Pipe Breaks

The following longitudinal breaks should be postulated in high-energy fluid system piping at the
locations of the circumferential breaks specified in B.3.a:

(1) Longitudinal breaks in fluid system piping and branch runs should be postulated in
nominal pipe sizes 4-inch and larger, except where the maximum stress range
exceeds the limits specified in B.1.c.(1) and B.1.c.(2) but the axial stress range is at
least 1.5 times the circumferential stress range.

(2) Longitudinal breaks need not be postulated at terminal ends.

(3) Longitudinal breaks should be assumed to result in an axial split without pipe
severance.  Splits should be oriented (but not concurrently) at two diametrically
opposed points on the piping circumference such that the jet reactions cause out-of-
plane bending of the piping configuration.  Alternatively, a single split may be assumed
at the section of highest tensile stress as determined by detailed stress analysis (e.g.,
finite element analysis).

(4) The dynamic force of the fluid jet discharge should be based on a circular or elliptical
(2D x 1/2D) break area equal to the effective cross-sectional flow area of the pipe at the
break location and on a calculated fluid pressure modified byan analytically or
experimentally determined thrust coefficient as determined for a circumferential break
at the same location.  Line restrictions, flow limiters, positive pump-controlled flow, and
the absence of energy reservoirs may be taken into account as applicable, in the
reduction of jet discharge.

(5) Piping movement should be assumed to occur in the direction of the jet reaction unless
limited by structural members, piping restraints, or piping stiffness as
demonstrated by inelastic limit analysis.

B.3.c. Leakage Crack

Leakage cracks should be postulated at those axial locations specified in B.1.e for high-energy
fluid system piping and in those piping systems not exempted in B.2.c.(1) for moderate-energy
fluid system piping.

(1) Leakage cracks need not be postulated in 1 inch and smaller piping.

(2) For high-energy fluid system piping, the leakage cracks should be postulated to be in
those circumferential locations that result in the most severe environmental
consequences.  For moderate-energy fluid system piping, see B.2.c.(2).

(3) Fluid flow from a leakage crack should be based on a circular opening of area equal to
that of a rectangle one-half pipe diameter in length and one-half pipe wall thickness in
width.
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 (4) The flow from the leakage crack should be assumed to result in an environment 
that wets all unprotected components within the compartment, with consequent 
flooding in the compartment and communicating compartments.  Flooding effects 
should be determined on the basis of a conservatively estimated time period 
required to effect corrective actions. 

 
C. REFERENCES 
 
1. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile 

Design Basis." 
 
2. "Boiler and Pressure Vessel Code," Sections III and XI, American Society of Mechanical 

Engineers, 1986 Edition. 
 
3. Regulatory Guide 1.11, "Instrument Lines Penetrating Primary Reactor Containment." 
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