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ABWR SSARn
bl ' Amendment 21. Page change Instruction

The following pages have been changed, please make the specified changes in your SSAR. Pages are listed as
page pa! s (front & back) Bold page numbers reprasent a page that has been changed by Amendment 21.

REMOVE ADD. REMOVE ADD
PAGE No. PAGE No. PAGE No. PAGE No.

Chapter 1 3.57,7.1 3.5-7, 7.1

1.2 li, iii 1.2-11, iii - 3.6-il,-iii 3 . 6 -11, 111

1.2-vii 1.2-vil 3.6-iv, -v 3.6-lv, v
1,2 vila, viii 1.2 vila, vill 3.6-1, 2 3.6-1,1.1
1.2lx 1.2-ix Add 3.6 2
1,2-5,6 1.2-5, 5.1 3.G3, 4 3.6-3, 4
Add 13-6 3.6-5.1 3.6-5.1
1.2 17 1.2-17 3.6-7, 8 3.67,8
1.2-39 - 43 1.2-39 43 3.6-9,10 3.69,9.1

Add - 3.6 10
13-4 13-4 3.6-D,14 3.6-13,14
13-7 13-7 '3.6-15, 16 3.6-15,16

3.6 17,-18 3.6-17,18
1.7-2, 3 1.7-2, 3 3.6-19, 20 3.6-19,20
1.7-5.5, 5.6 1.75.5,5.6 3.6-21, 22 3.6-21,22

- Add 3.6 22.1O 1.8-32,33 1.8-32,33 3.6-27,27.1 3.6-27,27.1
1.8-42,43 1.8-42, 43 3.6-32,33 3.6-32,33
1.8-54.1, 1.8-54.1 3.6-34,35 3.6-34,35

3.6-36,37 3.6-36,37
1A.215,15a 1A.215,15a 3.6-38, 39 3.6-38,39

Chapter 2 3.7vi,vii 3.7 vl, vii
3.71,2 3.7-1, 2

2.0-2 2.0-2 3.7 15, 16 3.7-15, 16 .
3.7 19,20 3.7 19,20

Chapter 3 3.7-25,26 3.7-25,26

3.0-vi 3.0-vi 3S-x, xi 3S-x, xl
3 S-17,17.1 3 S-17,17.1

3.2-6, 7 3.2-6, 7 - 3.9-18,18.1 3.9-18,18.1
3.2-7.1, 7.2 3.2-7.1, 7.2 3.9-19, 20 3.9 19,20
3.2-73,7.4 3.2-73,7.4 3 S-21, 22 3 S-21, 22
3.2-9 3.2-9 3.9-31,31.1 3.9-31,31.1
3.2-10,11 3.2 10,11' 3.9-43,44 3.9-43,44
3.2-17,18 . 3.2-17,18 - 3 S-44.1,44.2 3.9-44.1,44 2

. 3.2-21.2,213 3.2-21.2,213 3 S-45 3.9-45
3.2 21.4. 22 3.2-21.4,22 39-46,47 3.9-46,47
3.2-29,30 : 3.2 29,30 3.9-48,49 - 3.9-48,49
3.2-34.1 3.2 34a 3.9-52,53- 3.9-52, 53

.n 33-1,2 33-1,2 3.11 il 3 .1 1 -11 -

(f 3.11 1,1.1 3.11-1,1.1
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REMOVE ADD REMOVE ADD
PAGE No. PAGE No. PAGE No. PAGE No.

3.11 2, 3 3.11 2,3 313 il, iii 313-11, til

313-1 - 25 313-1 25
3D li, iii 3D-il,111

3D.4-il 3D.4-li Chapter 4
3D.4 1, 2 3D.4 1, 2

4-il, iii 4-il,111

3E-COVER 3E-COVER
3E ii,iii 3E-li,111 4.4-11, iii 4.41i, lil
Add 3E.1 il
3E.1 1 3E.1 1,2 4.4-3. 4 4.4-3, 4

Add 3E.13 Add 4.44.1,4.2
Add 3E.1-4

4.5-4.1 4.5-4.1
3E.2-li, iii 3E.2 li, iii
3E.2-1, 2 3E.2-1, 2 Chapter 5
3E.2-3, 4 3E.2 3,4
3E.2 5,6 3E.2-5,6 5.2-vi, vi.1 5.2-vi, vi.1
3E.2-21, 22 3E.2 21,22 5.2-ix 5.2Ix

5.2-4 5.2-4
3ES-li, iii 3E3-il, iii 5.2-15, 15.1 5.2-15,15.1
3E3-1, 2 3E3-1,2 Add 5.2-15.2
3E3-3, 4 3E3-3,4 5.2-16, 17 5.2-16,16.1
3E3-5 3E3-5 Add 5.2 17

5.2-17.1, 17.2 5.2 17.1,17.2

g3E.4-ii, iii 3E.4-li, iii 5.2-28.1 5.2-28.1
3 E.4-1, 2 3E.4-1,2 5.2-36.1, 36.2 5.236.1,362
3E.4-3, 4 3 E.4-3, 4 5.2-43.1, 43.2 5.2-43.1, 6 .2

3E.5-1 3E.5-1 53-iv, v 53-iv, y
5 3-11,12 5 3-11,12

Add 3E.6-li, ill
Add 3E.6-1, 2 5.4-11, 12 5.4-11, 12
Add 3 E.6-3, 4 5.445,26 5.4-25,26
Add 3E.6-5, 6 5.4-27, 28 5.4 27,28
Add 3E.6-7 5.4-29, 30 5.4-29,30
Add 3E.6-8

Chapter 6
3F COVER 3F COVER
Remove the following: 6.0-il, iii 6.0-li, ill
3F-ii
3F.11 6.1-6, 7 6.1-6, 7

3F.2-ii, iii 6.2-31,32 6.2-31,32
3F.2 1, 2 6.2-43,43.1 6.2-43,43.1
3F.2-3 6.2-46c, 46d 62-46c,46d
3F.2-4 6.2-50.55,50.56 6.2-50.55,50 56

3F.2-5 6 2-77,78 6.2-77,7J
6.2-79,80 6.2-79,80

3F3-il 6.2-81,82 6.2 81,82
3F3-1, 2 6.2-83,84 6.2 83,84

h3F3-3, 4 6.2-85, 86 6.2-85, 86
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PAGE No. PAGE No. PAGE No.' PAGE No.

_

6 3-35, 36 63-35,36 8.2-1, 2 8.21,2
Add 8.2-3, 4"

6.4-ii, iii 6.4-11, iii

6.4-7, 7a 6.4 7,7a Add - 8A Cover
Add 8A-il.

65ii,iii 6.5-11, til

6.5-1, 2 6 51,2 Add 8A.1-Il -'

Add 6.5-2.1 Add SA.1-1, 2

6.5-5, 6 6.5-5, 6 Add 8A.1-3

; 6.6-il, iii 6.6-il, til - Add 8A.2-il
! 6.61,2 6.6-1,1.1 Add 8A.2-1

Add 6.6-2, 2.1*

6.6-3, 4 6.6-3, 3.1 Add 8A3-il
6.6-5 6.6-4, 5 Add 8A3-1
6.6-36, 37 6.6-36,37 Add 8.2-5, 6'

! 6.6-38,39 6.6-38,39
6.6-40,41 6.6-40,41 83-il, iii 8 3 -11, 111

! 6.6-44, 45 6.6-44,45 83-iv, v 83-Iv, y
| 6.6-46, 47 6.6 t-1,47 83-vi 83-vi, vil
j 6.6-50,51 6.6-50,51 831 thru 83-1 thru
i 6.6-52, 53 6.6 52,53 8 3-29 83 29.2

6.7-1, 2 6.71,2 Chapter 9

O
Chrpter 7 9.1-vi, vii 9.1-vi, vil -

9.1-2, 2a 9.1-2, 2 a
7.11,2 7.11,2 9.1-6.10, 6.11 9.1-6.10, 6.11

9.1-7, 8 9.17,8*

73-IN - 1M.76 7 3-104 -104.76 9.113 9.1 13

'.
9.1 13a,13b 9.1 13a,13b.

7.4-9,10 7.4-9,10 9.1 13c,13d 9.1-13c,13d

7.6-46 - 56 7.6-46 56 9.1 13c,14 9.1 13e,14,

i 7.6-80 - 82 7.6-80 - 82 9.1 15,16 9.1 15,16
9.1-17, 18 9.1 17,18

7.7-42 53 7.7-42 53 9.1 19,20 9.1 19,20
7.7-89 - 90 7.7-89 90
7.7-91, 92 7.7-91,92 - 9.2-11, ila 9.2-11, ila

'
,

7.7-92 - % 7.7-92 - % 9.2.iii 9 .2 -111

9.2 iv, iva 9.2-lv, iva
! Chapter 8 9.2-v, vi 9.2 y, vi -

Add 9.2-vil, vill
8-il 8 -11 Add 9.21x, x

9.2-1,1.1 - 9.21,1.1-
8.11i 8.1-11 9.2-1.2,13 9.2 1.2,13
8.1-1,1.1 8.1-1, 2 9.2-1.4 . 9.2-1.4,1.5
8.1-2, 2.1 8.1-3, 4 Add 9.2-1.6,1.7
8.1-3, 4, 5 8.15,6 Add 9.2-1.8 .

9.2-9,9.1 - 9.2-9, 9.1,

8.2 li 8 .2 11

3-
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REMOVE ADD REMOVE ADD
PAGE No. PAGE No. PAGE No. PAGE No.

9.2-10, 10.1 9.2-10,10.1 9A.4 xvi, xsii 9A.4-xvi, xvii
9.2-11, 12 9.2-11,11.1 9A.4-1 271 9A.4-1 271
9.2 12.1,12.2 9.2 12,12.1
Add 9.2-12.2, 12 3 9A.6-1 182 9A.6-1 182
Add 9.2-12.4

9.2-13 9.2 13,13.1 Chapter 10
9.2-16, 17 9.2 16,17
9.2-18, 19 9.2 18,19 10.4-9,10 10.4-9, 10

9.2-19.1 9.2 19.1 10.4-11, 12 10.4 11,12

9.22, 23 9.2 22,23 Add 10.4-12.1

9.2-24, 25 9.2-24,25 10.4-13,14 10.4 13,14

9.2-25a. ''.5b 9.2-25a, 25b 10.4-15,16 10.4-15,16

9.2-25c,25d 9.2-25c,25d
Add 9.2-25e,25f Chapter 11
Add 9.2-25g,25h
Add 9.2-251 11.2-1 - 49 11.2-1 49
9.2-42,43 9.2-42,43
9.2-46 9.2-46,47 11.4-ii, iii 11.4-11, iii

Add 9.2-48
Chapter 12

93-iv 93-Iv
9.3-la - Id 9,3-la - 11 12-il 1211, ill

93-7-7.1 93-7 7.1
9 } 11 - 11.2 93-11 11.2 12.2 2 12.2-2

g9 } 12, 13 9 3-12,13
9 3-13.2, 13.2 9 3-13.1,13.2 123-ii, iii 123-i1, ill
93-15a - 15f 93-15a - 15f 123-iv, v 123-iv, y

1234i, vii 123-vi, vil
9.4-viii, ix 9.44iii, fx 123 viii,ix 123-viii, fx
9.4-1,1.1 9.4-1,1.1 123-5,6 123-5, 6
9.4-1.2,13 9.4-1.2,13 123-11,12 12 3-11,12
9.4- 1.4,1.5 9.4-1.4,1.5 123-13,13.1 123-13,13.1
9.4-2c - 2ia 9,4-2c - 2ia 12 3-13.2, 13,3 123-13.2,13 3
9.4-4, 5 9.4-4, 5 123-14,14.1 123-14,14.1
9.4-6, 7 9.4-6, 7 12 3-15, 15.1 12 3-15, 15.1

123-38 thru -50 12 1 38-50
9.5-v.1, v.2 9,5-v.1, v.2 123-49 55 12 3-51 55
9.51-1.7 9,5-1 - 1.7 12 3-79 - 82 123-79 82
9.5-3 - 3,4 9.5-33.7 123-84 87 123-84 - 87

9.5-4 - 4.2 9.5-44.2
9.5-5 - 5.1 9.5-55.1 Add 12A Cover
9.5-10.5,10.6 9.5-10.5, 10.6 Add 12A.1-1,2

9.5-10.7 9.5-10 7 Add 12A.1-3

9.5-10a 9.5-10.8 10.12
Chapter 13

9A il,iii 9A-li,iii (Reprint)
Chapter 14

9A.4-ii, iii 9A.4-ii, iii (Reprint)
9A.4.x.1, xi 9A.4-x.1, x1 14.2-ii, iii 14.2-ii, ill

14.24ili 14.2-vill, ix g14.2-3, 4 14.2-3,3.1

4
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REMOVE ADD REMOVE ADD
PAGE No. PAGE No. EAGJ1No. PAGE No.

Add 14.2-4 14.2-63, 64 14.2-63, 64
14.2-5,5.1 14.2 5,5.1 Add. 14.2-64.1, 64.2

14.2 6 14.2-6,6.1 14.2-65 14.2-65
14.2 7,7.1 14.2-7,7.1 Add 14.2-66

14.2-8 14.2-8,9 Add 14.2-66.1, 66.2

142-9,10 14.2 10,11 Add 14.2-663,66.4
14.2 11,12 14.2-12 Add 14 2-66.5
14.2-12.1 14 2-13,13.1 Add 14.2-67
14 2-13,14 14.2 14,15
14.2-15,16 14.2 16,17 Chapter 15
142 17,18 14.2-18,19
14.2-19,20 14.2-20,21 15.0-3 15.0-3
14.2 21, 22 14.2-22, 23 15.0-6, 7 15.0-6, 7

14.2-23, 24 14.2 24,25 Add 15.0-7.1
14.2 25,26 14.2-26,26.1 15.0-8, 9 15.0 8, 9

15.0-10, 11 15.0-10,1114.2-26.1 - - - -

14.2-27,28 14.2-27,28
14.2 29,30 14.2-29,30 15.1 il, iii 1 5 .1 -11, 111

14.2-31, 31.1 14.2 31,31.1 15.1 vi, vil 15.1 vi, vil
14.2-32 14.2-32 15.1 1,2 15.1 1,2
14.2-33, 33.1 14.2 33,33.1 15.1-3, 3.1 15.1-3,3.1
14.2-34 14.2-34 15.1-4 15.1-4
14.2 35,36 14.2-35,36 15.1 7,8 15.1 7, 8
14.2 37,38 14.2-37,38 15.19 15.1-9
14.2-39,40 14.2-39,40 15.1 10, 11 15.1 10,11
14.2-41,42 14.2-41,42 15.1-12, 13 15.1-12,13
14.2-42.1 14.2-42.1 .15.1 14 15.1 14
14.2-43,44 14.2-43,43.1 15.1 17,18 15.1 17,18
14.2-44.1, 44.2 14.2-44,44.1 15.1-19 15.1 19
14.2-44 3, 44.4 14.2-44.2,443 152-11, iii 1 5 .2 -11, 111

14.2-44.5, 44.6 14.2-44.4,44.5 15.2-x, xi 15.2-x, xi
14.2-44.7, 44.8 14.244.6,44.7 152 1,1.1 15.2-1, 1.1
14 2-44.9, 44.10 14 2-44.8.44.9 15.2 2,2.1 15.2-2,2.1
14.2-44.11, 44.12 14.2-44.10,44.11 15.2-3, 3.1 15.2-3,3.1
14.2 44.13, 44.14 14 2-44.12,44.13 15.2 18,19 15.2-18,19
14.2-44.15, 44.16 142-44.14,44.15 15.2 30,31 15.2-30,30.1
Add 14.2-44.16- Add 15.2-30.2,303
14.2-47,48 14.2-47,48 Add 15.2-30.4,30.5
14.2-49,50 14.2-49,50 Add 15.2 30.6,30.7
14.2-51, 52 14.2-51,52 Add 15.2 31
Add 14.2,52.1

14.2 53, 54 14.2 53,54 153-11, iii 153 il,111
14.2-54.1 14.2-54.1 153-vi 153 vl
142-55,55.1 14.2-55,55.1 15 3-1, 2 15 3-1, 2

14.2-56 14.2 56 15 3-3, 4 153 3,3.1
14.2-57, 57.1 14.2-57,57.1 Add 15 3-4

,

14.2 58,58.1 14.2-58,58.1 Add 15 3-11.1
14.2 59,,60 14.2-59,60
14.2-61,61.1 14.2-61,61.1 15.8-1 15.8-1

14.2 62 14.2-62
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REMOVE ADD REMOVE ADD
PAGE No. PAGE No. PAGE No. PAGE No.

15B.2-16,17 15B.2 16,17' Chapter 20

Chapter 16 20.2-21,21a 20.2-21,21a

Chapter 17 20 3-48,48.1 203-48,48.1
20 3-87,87.1 20 3-87,87,1

17.0-2 17.0-2 20 3-176 20 3-176

203-35430 203-35430

, 17.1 1,2 17.1 1,2
' 17.1 3 17.13

Add 1 7 3 -11,111

Add 173-1 thru 19

Chapter 18

18-li, iii 18-il,111

Add 18F Cover
Add 18F il
Add 18F.1 il,111

Chapter 19

19B-il, iii 19B-ii, ill

O 19B3-1,2 19B3-1,2

19D.6-il,ili 19D.6-h,111

19D.6-iv 19D.6-iv
19D.6-1-224 19D.6-1 224

19E.2 ii, iii 19E.2-il, iii
19E.2 1 - 112 19E.2-1 - 112

Add 19F-Cover
Add 19F-il

19F.1-1 19F.1 - 5

19F3-1 19F3-1 - 8

Add 19FA-cover
Add 19FA il
Add 19FA.0-4

Add 19FA.1 1 2

Add 19FA.2-1

p 'These pages are reprinted only (no changes)
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ABWR 2 mime
,

Standard Plant RIN. C

SECTION 1.2- 1

EO coureurs (cootinoea)- .,:
'

Section ]Ilt - f.ASC
.

til Princinal Deslan Criteria 1.21^

1.2.1.1 General Design Criteria . 1.2 1.'

1.2.1.1.1 Power Generation Design Criteria 1.2-1

111.1.2 Safety Design Crit'eria . 1.2 1 .
.

1.2.1.2 System Criteria . 1.2-3

1.2.111 Nuclear System Criteria 1.2-3- '

1.2.1.2.2 Electrical Power Systems Criteria - 1.2 4

111.23 Auxiliary Systems Criteria- 1.2-4 - ,

1.2.1.2.4 Shielding and' Access Control Criteria 1.2-4

1.2.1.2.5 Process Control Systems Criteria 1.2-4 ' ;

1.2.1.2.5.1 Nuclear System Process Control Criteria ; 1.2-4

1.2.1.2.5.2 Electrical Power System Process Control Criteria 1.2-4 -

1.2.1.2.53 Power Conversion Systems Process Control Criteria 1.25-

1.2.1.2.6 Power Conversion Systems Criteria . 1.2 5 ..

1.2.2 . Plant Descrintion 1,25

1.2.2.1 Site Characteristics . 1.2-5 :

1.2.2.1.1 Site Locarion 1.2-5-

; 1.2.2.1.2 Description of Plant Erwirons -7.2-5
.

1.2.2.1.2.1 Meteorology 1.2-5

1.2.2.112 Hydrology 1,2-5

-1.2.2.1.23 Geology and Seistnology 1.2-5

. 1.2.2.1.2.4 Shielding - 1.2-5

-1.2.2.13 L Site Arrangement' - 1,2-5 . q

1.2-il
~

Amendment 21 :

I
i

1

1
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ABWR naam^c
S11ndard Plant REV. C

SECTION 1.2
O

CONTENTS (Continued >

section Iltle l' age

1.2.2.2 Nuclear Steam Supply System 1.2-5 -

1.2.2.2.1 Reactor Pressure Vessel System 1.25

1.2.2.2.2 Nuclear Doller System 1.2-5

1.2.2.2.2.1 Main Steamline Isolation Valves 1.2-6

1.2.2.2.2.2 Main Steamline Flow Instrumentation 1.2-6
7

1.2.2.2.23 Nuclear System Pressure Relief System 1.2-6

1.2.2.2.2.4 Automatic Depressurization System 1.2-6

1.2.2.2.2.5 Reactor Vessel Instrumentation 1.2-6

1.2.2.23 Reactor Recirculation System 1.2-7

1.2.23 Control and instrumentation Systems 1.2-7

1.2.23.1 Rod Control and Information System 1.2-7

1.2.23.2 Control Rod Drive System 1.2-7

1.2.7.12.1 Control Rod Braking Mechanism 1.2-7

1.2.23.2.2 Control Rod Ejection 1.2-7

1.2.233 Feedwater Control System 1.2-7

1.2.23.4 Standby Liquid Control System 1.27

1.2.23.5 Neutron Monitoring System 1.27

1.2.23.6 Remote Shutdown System 1.2-8

1.2.23.7 Reactor Protection System 1.2-8

1.2.23.8 Recirculation Flow Control System 1.2-8

1.2.23.9 Automatic Power Regulator System 1.2-8

1.2.23.10 m Bypass and Pressure Control System 1.2-8

1.2.23.11 h ocess Computer (Includes PMCS, PGCS) 1.2-8

1.2 ...m

Amendment 20
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ABM . 22^6200^c

[ - Standard Plant - Rev. c

ILLU fl S-:

i

Figure Iille East '

;

}
~

1.2 29c .1.2-13d Drywell Steel, Arrangement Plan at El 18100 mm

j- 1.213e Lower Drywell, Arrangement Plan at Elevation
j (-) 6600 to (-) 1850mm 1.2-29d

t
i 1.2-13f Lower Drywcil, Arrangement Plan a' Elevation
i (-) 1850 to 1750mm 12 29c
i :
i- .

- -

-

1.2-13g 14wer Drywell, Arrange nent Pian at Elevathu*

1750 to 4800mm - 1.2 29f --

!

| 1.2-13h Lower Drywell, Arrangement Plan at Elevation
: 4800 to 6700mm . 1.2-29g

b . -

_

+

| 1.2-13i Wetwell, Arrangement Plan at Elevation

(-) 8200mm 1.2-29h4

. q.

1.213j Wetwell, Arrangement Plan at Elevation :j .

; (-) 17Comm L2 29i
<

!O 2.2-13' weiweii.^<< se-e i ri > eiev tie 48oo-- 1.2 293
.

t
!

i

i
e

4

;. "

1

|.
a
a

,

m.

I
i

a-

VO- 1.2-v..ua-

:

- Amendment 6
1
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ABWR ware
Standard Plant any. c -

- SECTION 1.2 -

k1LLUSTRATIONS

Elgure Title Paan

!

Control and Senice Buildin !
Elevation, Section 0/180" g, Arrangement

1 2-14'

1.2-30

1.2 15 -Control and Senice Building, Arrangement
Elevation, Section 270/90 1.2 31. ;

1.2-16 Control and Senice Building, Arrangement
Plan at Elevation '8200 mm 1.2 32

1.2-17 Control and Service Building, Arrangement -
Plan at Elevation - 2150 mm 1.2-33

1.2 18 Control and Senice Building Arrangement
'

Plan at Elevation 3500 mm 1 2-34

1.2-19 Control and Senice Building, Arrangement
_1.2 35 _Plan at Elevation 7900 mm

1,2-20 Control and Senice Building, Arrangement -
Plan at Elevation 12300 mm 1.2-36

1.2-21 Control and Service Building, Arrangement -
Plan at Elevation 17150 mm . -- 1.2-37

1.2-22 Control and Senice Building, Arrangement
Room at Elevation 22200 mm 12 38

12 23a Radwaste Building at Floor Elevation 1500mm 1.2 39

i. 1.2-23b Radwaste Building at Floor Elevation -4800mm 1.2-40
1

1.2-23c Radwaste Building at Floor Elevation 12300mm 1.2-41 -;

1.2-23d Radwaste Building at Floor Elevation 21000mm 1.2-42 -
,

1.2-23e Radwaste Building, Section A A . 1.2-43 ; -|

1.2 23f Radwaste Building Equipment List (Sheet 1) 1.2-44- '|
,

1.2-23g Radwaste Building. Equipment List (Sheet 2) 1,2-45

.;
'

12-24 Turbine Building, General Arrangement at
_

Elevation 5300mm -12 46 .
,

| .1 l
:
'

1.2-viii

[
,

~ Amendment 21
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- - - SECTION 1.2 -

LO ILLUSTRATIONS.(Continued)i ;

:

: Figure Illle Eage
!

1.2 25 Turbine Building, General Arrangement at b

|-_ Elevation 12300mm 1.2-47
!

[ 1.2-26 Turbine Building, General Arrangement at
!- Elevation 20300mm - 1.2 48
,

b.

1.2-27 Turbine Building, General Arrangement at -,

Elevation 30300mm . 1.2-49 |--

1.2 28 Turbine Building, General Arrangement,
,

LongitudinalSection A A - .1.2-50 -
,

~

1.2-29 Turbine Building, General Arrangement,
Cross Section B B 1.2 51,

2

1.2-30 Turbine Building, General Arrangement,'
Cross Section C-C' -1.2 52

1.2-31 Turbine Building, General Arrangement, .
_ 1.2-53Cross Section D-D

.-.

,

f

5
-.

.

I

'"
TO

'

,

~

2 Amendment 21.
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(6) Monitoring of essential generators, 1.2.2.1.2.1 Meteorology

O transformers, and circuits is provided in the'

i V main control room. The safety related structures and equipment
I are designed to retain required functions for

1.2.1.2.53 Power Conversion Systems Process the loads resulting from any tornado with
Control Criteria characteristics not exceeding the values

provided in Table 2,0-1.
(1) Control equipment is provided to control the

reactor pressure throughout its operating Tornado missiles are discussed in Section
range. 3.5.

(2) The turbine is able to respond automatically 1.2.2.1.2.2 flydrology
to minor changes in load.

The safety design basis of the plant provides
(3) Control equipment in the feedwater system that structures of safety significance will bc

| maintaina the water level in the reactor unaffected by the hydrologic parameter envelope
vessel at the optimum level required by steam defined in Chapter 2.l

I separators.
1.2.2.1.23 Geohngy and Seismology

(4) Control of the power conversion equipment is
possible from a central location. The structures of safety significance for the

plant are designed to withstand a safe shutdown
1.2.1.2.6 Power conversion Systems Criteria carthquake (SSE) which results in a freefield

peak acceleration of 0.3g.

| Components of the power conversion systems
shall be designed to perform the following basic 1.2.2.1.2.4 Shiciding'

objectives:
I Shielding is provided throughout the plant, as
b (1) produce electrical power from the steam required to maintain radiation levels to operat-

coming from the reactor, condense the steam ing personnel and to general public within the
into water, and return the water to the applicable limits set forth in 10CFR20 and
reactor as heated feedwater with a major 10 C FR100. It is also designed to protect
portion of its gases and particulate certain plant components from radiation exposure
impurities removed; and resulting in unacceptable alterations of

material properties or activation.
(2) a s s u r e t h a t any fission products or

radioactivity associated with the steam and 1.2.2.13 Site Arrangements
,

| condensate during normal operation are safely
contained inside the system or are released The containment and building arrangements
under controlled conditions in accordance including equipment locations are shown in
with waste disposal procedures. Figures 1.2-2 through 1.2 31.

1.2.2 Plant Description 1.2.2.2 Nuclear Steam Supply Systems

1.2.2.1 Site Characteristics The nuclear steam supply system includes a
| direct cycle forced-circulation boiling water
l 1.2.2.1.1 Site Location reactor that produces steam for direct use in

the steam turbine. A heat balance showing the
The plant is located on a site adjacent to or major parameters of the nuclear steam supply

close to a body of water with sufficient capacity system for the rated power conditions is shown
for either once-through or recirculated cooling in Figure 1.1-2.
or a combination of both methods,

1.2.2.2.1 Reactor Pressure Vesse' Systemn .

C 1.2.2.1.2 Description of Plant Environs

Amendment 21 1.2-5
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I The reactor pressure vessel system (RPVS)
contains the reactor pressure vessel with the

| reactor internal pump (RIP) casings; core and
!

O

4

O
Amendment 21 1.25.1
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supporting structures; the steam separators and in each main steamline. Each is powered by both
dryers; the control rod guide tubes; the spargers for stearn pressure and spring force. These valves
the feedwater, RilR and core flooder system; the fulfill the following objecthes:
control rod drive housing; the in-core instrument.
ation gulde tubes and housings; and other (1) prevent excessive damage to the fuel barrier
components. The main connections to the vessel by limiting the loss of reactor coolant from
include steamlines, feedwater lines, reactor internal the reactor vessel resulting from either a
pumps, control rod drives and in. core nuclear major leak from the steam piping outside the
instrument detectors, core flooder lines, residual containment or a malfunction of the
heat removal lines, head spray and vent lines, core pressure control system resulting in
plate differential pressure lines, internal pump execssive steam flow from the reactor vessel;
differential pressure lines, and water level
instrumentation. (2) limit the release of radioactive materials by

isolafu.g the reactor coolant pressure
A venturi-type flow restrictor is a part of the boundan :n case of the detection of high

reactor pressure vessel nonle configuration for each steam line radiation.
steamline. These restrictors limit the flow of steam
from the reactor vessel before the main steamlice 1.2.2.2.2.2 Main Steamline Flow Instrumentatie
isolation valves are closed in case of a main
steamline break outside the containment The steam flow instrumentation is connectea ,o

the venturi type steam nozzle of the RPV. The
Control rod drive housing supports are located instrumentation provides high nozzle flow isolation

internal to the reactor vessel and the control rod signals in case of a main steam line break,
drive. The supports limit the travel of a control rod
in the event that a control rod housing is ruptured. 1.2.2.2.2.3 Nuclear System Pressure Relief

System
The reactor vessel is designed and fabricated in

accordance with applicable codes for a pressure of A pressure relief system consisting ofv
1250 psig. The nominal operating pressure in the safety / relief valves mounted on the main
steam space above the separators is 1040 psia. The steamlines is provided to prevent excessive
vessel is fabricated of low alloy steel and is clad pressure inside the nuclear system as a result of
internally with stainless steel or Ni-Cr Fe Alloy operational transients or accidents.
(except for the top head, RIP motor casing, nozzles
other than the steam outlet nozzle, and nozzle weld 1.2.2.2.2.4 Automatic Depressurization Syst'em
zones which are unclad).

The ADS rapidly reduces reactor vessel pressure
The reactor core is cooled by demineralized water in a loss-of coolant accident, enabling the

that enters the lower portion of the core and boils as low-pressure RHR to deliver cooling water to the
it flows upward around the fuel rods. The steam reactor vessel.
leaving the core is dried by steam separators and
dryers located in the upper portion of the reactor The ADS uses some of the safety relief valves
vessel. The steam is then directed to the turbine that are part of the nuclear system pressure relief
through the main steamlines. Each steamline is system. The safety relief valves used for ADS are
provided with two isolation valves in series, one on set to open on detection of appropriate low reactor -
each side of the containment barrier. water level and high drywell pressure signals. The

ADS will not be activated unless either RHR/ low
1.2.2.2.2 Nuclear Boller System pressure flooding loop pump are operating. This is

to ensure that adequate coolant will be available to
1.2.2.2.2.1 Main Steamline Isolation Valves maintain reactor water level after depressurization.

All pipelines that both penetrate the containment 1.2.2.2.2.5 Reactor Vessel Instrumentation
and offer a potential release path for radioactive

O(O material are provided with redundant isolation in addition to instrumentation for the nuc! car -
capabilities. Automatic isolation valves are provided

Amendment 20 1.24
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NO. FACILITY

-

.
1 REACTOR CONTAINMENT E
2 REACTOR BUILDING
3 CONTROL BUILDING

B 4 MAIN STEAPAFEEDWATER TUNNEL
5 TURBINE BUILDING
6 SERVICE BUILDING

5 7 RADWASTE BUILDING

|8 HOUSE BOILER
9 CONDENSATE STORAGE TANK
10 MAIN TRANSFORMER
11 NORMAL SWITCHGEAR
12 DIESEL O!L STORAGE TANK (3)11 13 STACK

9 14 EOUIPMENT ENTRY LOCK
15 FIRE PROTECTION WATER7

STORAGE TANK (2)3 4 3 6 16 FIRE PROTECTION PUMPHOUSE

h m

13

Q' | 1 | |16

12

0 0 O2

12

14

2; 9e
? "B-<
C

FIGURE 1.2-1 SITE PLAN "
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Figure ' Eagt Amendment;
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'

: 1.2-23d 1.2-42 21-
,
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TABLE 131g.
COMPARISON OF NUCLEAR STEAM SUPPLY SYSTEM .' - -

DESIGN CHARACTERISTICS (Continued) -'

;

his Plant * GE3SAR -NMP2 Grand Gulf -
,

ABWR BWR/6 BWR/5 BWR/6 ,

Deslan 278-872 238-748 251 764 - 251-800

1 -- Hermal and livdraulle (Continued)

Design power
peaking factor

Maximum relative 1.40 1.40 1.40 1.40

assemble power'

> .
.

local peaking 1.25 1.13 ~ 1.24 1.13

factor -.

Axial peaking 1,40 1.40 1.40 1.40
factor'

i

O=
Total peaking . 2.43 2.26 2.43 2.26

- factor

N.gelear (first core)
(Section 4.3)

,

| Water /UO2 2.95 2.70 - 2.55 2.70
volume ratio

(cold)

Reactivity with <0.99 - <0.99 ; < 0.99 <0.99 :
strongest control

rod out (kett).

| Dynamic void 5.20c @. -7.16 - -8.57 . 7.14
coefficient 102% rated

(c/%) at core ' output -
.

average voids 39.2 -40.95._ _40.54 . -4131
(%)(EOC rated
output)

Fuct temperature -0360 -0.412 ' 0,419 - -03% --

doppier coeffi--

cient (c/0C) .'
(EOC-rated output)

| 'Parametersfor the core loadingin Figure 4.3-1 used in the sensitivity analysis.

. Amendment 15 1.M
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V TABLE 1.31

COMPARISON OF NUCLEAR STEAM SUPPLY SYSTEM
DESIGN CHARACTERISTICS (Continued).

This Plant * GESSAR NMP2 Grasd Gulf
ABW1t BWR/6 BWR/S BWR/6

Deslan 278-874 238 748 251 764 251 800

|
Core Assembly (Continued)'

i

: Core diameter 203 3 185.2 160.2 191.5
'

(equivalent)

(in.) .

Core height 146 150 146 150

(active fuel) ,

i (in.)

Esastor Control System
(Chapters 4 and 7)

,

'
Method of Movable Movable Movable Movable

: variation of control controlrods control control .
F reactor power rods and and variable rods and rods and
i - variab!: forced - variable variable
j forced coolant forced- forced
'

coolant 110w coolant ' coolant

flow flow flow

| Number of 205 177 185 193

! movable con-
trol rods

Shape of Cruciform Cruciform _ Cruciform Cruciform
movable control;

rods

Pitch of 12.2 12.0 12.0 12.0 -

movable contr01'

rods

-BCControl BC BCBC 44 44
materialin- granules granules - granules granules

'

movable rods . compactei. compacted compacted - compacted
in SS tubes in SS in SS in SS -

_ tubes tubes tubes

_

*Parametersfor the core loading in Figue 4.31 used in the sensitivity analysis.
_

Amendment t$ 1}7
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Table 1.7-1

- 0' PIPING AND INSTRUMENTATION
AND PROCESS FLOW DIAGRAMS -

|

SSAR Fig. No. Page No. Title Type-

4.6-8 4f-24 CRD System P&lD

4.6-9 4.6-26 - CRD System PFD

5.1 3 5.15 Nuclear Boiler System P&lD

5,4-4 5.4-47 Reactor Recirculation System P&lD

5.4-5 5.4-48 Reactor Recirculation System PFD

5.4-8 5.4-51 Reactor Co.c Isolation Cooling System P&lD

5.4-9 5.4-53 Reactor Core Isolation Cooling System PFD-

5.4-10- 5.4-55 Residual Heat Removal System- -P&ID.<

5.4-11 5.4-59 Residual Heat 11emoval System - - PFD

5.4-12 5.4-61- Reactor Water Clean-Up System P&lD

5.4-13 5.4-63' Reactor Water Clean-Up System ' PFD

6.2 39 6.2-90 Atmospherw Control System - P&lD

6.2-40 6.2-92 Flamibidty ControlSystem - P&lD -
.

63-1 6 3-25 ._ High Pressure Core Flooder System . PFD

63-7 6 3-33 - High Pressure Core Flooder System P&lD-

6.5-1 6.5-13 Standby Gas Treatment System - -P&lD

6.7 1 6.7-4 High Pressure Nitrogen Gas Supply System . P&lD -

9.1-1 9.1-23. Fuel Pool Cooling and Cleanup System'. P&lD

9.12 9.1-25' Fuel Pool Cooling and Cleanup System PFD

9.2-1. 9.2-26- Reactor Building Cooling Water System . . P&lD ..

9.2-1A , 9.2-34a Reactor Building Cooling Water System - PFD-

io
Amendmet.: 20 - 1.7-2 -

.|
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Table 1.7-1

GPIPING AND INSTRUMENTATION AND
PROCESS FLOW DIAGRAMS (Continued)

SSAR Fig. No. Page No. Titi- Type

9.22 9? 35 IIVAC Normal Cooling Water System P&lD

9.2-3 9.2-37 ilVAC Emergency Cooling Water System P&lD

9.2-4 9.2 39 Makeup Water System (Condensate) P&lD

9.2-5 9.2-40 Makeup Water System (Purified) P&lD '

93-1 9 3-16 Standby Liquid Control System P&lD

93-1A 9 3-16.1 Standby Liquid Control System PFD

93-6 9 3-21 Instrument Air System P&lD

93 7 9 3-22 Senice Air System P&lD

O

9.4-8 9.4-8 Drywell Cooling System P&lD

9.5-1 9.5-11 Suppression Pool Cleanup System P&lD

Amendment 21 1.73
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'*'' ' 7-4O
CONVERSION TABLES. METRIC TO ASME STANDARD UNITS

Flow Volume Per Unit Time

3
h1/IIR GAL /blIN bl /IIR GAL / MIN Af /HR GAL /h11N. ht /HR GAL /htih

1- 4.4 10 44 100 440 1000= 4402
2 8.8 20 88 200 881 2000- 8805-
3 13.2 30 132 300 1321 3000 13207
4 17.6 40 176 400 1761 4000 17610-
5 22.0 50 220 500. 2201 '5000 22012
6 26.4 60 264 600 2641 6000 26414
7 30.8 70 308 700 3082 7000 30817
8 35.2 80 352 800 3522 8000 35219
9 39.6 00 3% 900 3%2 9000 3 % 21

Temperature

*C *F *C *F. *C *F- *C *F

0.1 32.18 1 33.8 10 50 100 212.-
0.2 3236 2 35.6 20 68 200 -392
03 32.54 3 37.4 30 86 300- 572
0.4 32.72 4 39.2 40 1M 400 752

0 0.5 32.90 5 41.0 50 122 500 932
0.6 33.08 6 42.8 60 140 600 1112
O.7 33.26 7 44.6 70 158 700- 1292

'

0.8 33.44 8 46.4 80 176 800 -1472
0.9 33.62 9 48.2 90 194' 900 1652

Pressure

Eg/Cm PSI Kg/Cm PSI Kg/Cm PSI - Eg/Cm PSI

0.01 0.142 0.1 1.422 1 14.22 10 -142.2
0.02 0.285 0.2 - 2.845 2 28.45 20 284.5
0.03 0.427 03 4.267 3 42.67- '30 426.7
0.M 0.569 0.4 - 5.689 4 56.89 - - 40 568.9

,

0.05 0.711 0.5 7.11 5 71.11 50 -. 711.1 '

O.06 0.853 0.6 8.534 6 -8534- 80 853.4
0.07 0.996 .0.7 9.956 7- 99.56 70 995.6
0.08 1.138 0.8 11378 8L 113.78 - 80- 1137.8
0.09 1.280 0.9 12.800 -9 128.00 90 1280.0

0
Amendment 21 1.743

I
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Table 1.7 4 $1
CONVERSION TABLES-METRIC TO ASME STANDARD UNITS (Continued)

length

ht inch hi - Inch - h1 Inch- ht: Inch-

,

0.001 0.0N 0.1 0.039 - 1 3.28 10 32.81
0.002 0.008 0.2 0.079 2 6.56 - 20 65.62
0,003 0.012 03- 0.118- 3 9.84 30 - 98.43-
0.0N 0.016 0.4 0.157 - 4 13.12 40 - 131.2
0.005 0.020 0.5 0.197 ' 5 16,40 50 - - 164.0
0.006 0.024 0.6 0.236 - 6 - 19.69 60 1%.9
0.007 0.028 0.7 0.276 -7 22.97 70 229.7
0.008 0.032 0.8 0315 8 26.25 80 - 262.5
0.009 0.035 0.9 0354 9 29.53 90 2953

c:

!

|

|-.-

!

l-

O
! Amendment 20 1.75.6-
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- TABLE 1.8 19 -

SRPs and BTPs' Applicable To ABWR -
(Continued)

ABWR
- Appl._lasued Appil.

SRP No. BEL Dalt- Ealdt! Comments

10.4.4 Turbine Bypass System 2 7/81 Yes :

10.4.5 Circulating Water System 2 7/81 Yes -

10.4.6 Condensate Cleanup System 2 7/81 Yes

10.4.7 Condensate and Feedwater System 3 4/84 Yes

BTP ASB 10-2 3 4/84 Yes

10.4.8 Steam Generator Blowdown System (PWR) 2 ._ 7/81 - No - PWR only

-10.4.9 Auxiliary Feedwater System (PWR)' 2 _-7/81 No - PWR only _

BTP ASB 10-1 2_ 7/81- No PWR only

Chanter 11 Radiogetjyf at,Mananement

O 11.1 Source Terms 2- 7/81 Yes

11.2 Liquid Waste Management Systems 2 7/81 Yes .
2- 11.3 Gaseous Waste Management Systems 2' 7/81 Yes .

BTP ETSB 115 0 7/81: No-

11.4 Solid Waste Management Systems -2 7/81 Yes

BTP ETSB 113 - 2- 7/81_. Yes -

Appendix 11.4-A 0- 7/81 Yes :

' 11.5 - Process and Effluent Radiological Monitoring --
Instrumentation and Sampling Systems 3 7/81 Yes

Appendix 11.5-A 1- 7/81 -Yes

Chanter 12 Radiation Protection

12.1 Assuring That Occupational Radiation Exposures
are As Low As is Reasonably Achievable _ 2 _ 7/81 Yes

.

1

Amendment 21 1.8 32 -
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TA11LE 1.819

OSRPs and IITPs Applicable To AllWR
(Continued)

Al'WR
Appi, Issued Appil.

SRP No. ErL Dal.t nihlg2 Comments

12.2 Radiation Sources 2 7/81 Yes

123 - Radiation Protection Design Features 2 7/81 Yes
12.4

7 81 -- Interface12.5 Operational Radiation Protection Program 2 /

Chanter 13 Conduct of Operntbn

13.1.1 Management and Technical Support
Organization 2 7/81 Interface--

13.1.2 - Operating Organization 2 7/81 Interface--

13.1 3

13.2 Training (Replaced by SRP Sections 13.2.1 and 13.2.2)

13.2.1 Reactor Operator Traming 0 7/81 Interface--

13.2.2 Training For Non-Licensed Plant Staff 0 7/81 Interface-

13 3 Emergency Planning 2 7/81 Interface--

13.4 Operational Review 2 7/81 -- Interface

13.5 Plant Procedures (Replaced by SRP Sections 13.5.1 and 13.5.2)

13.5.1 Administration Procedures 0 7/81 -- Interface

13.5.2 Operating and Maintenance Procedures 1 7/85 Interface-

Appendix A 0 7/&5 Interface-

13.6 Physical Security 2 7/81 Yes ABWR and
Interface

Chanter 14 initial Test Procram

14.1 Initial Plant Test Programs - PSAR (Deleted',

14.2 Initial Plant Test Programs FSAR 2 7/81 Yes

14 3 Standard Plant Design, Initial Test Program - g
Final Design Approval (FDA) (Deleted)

Amendment B 1.8-33
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TABLE 1.8 20-

;O nos Appiicadie to Anwn (continued)-

ABWR
Appl. Issued .Appil.

RG.No. Renulatory Guide Title - BEL --- Dalt cable? - Comments

1.60 Design Response Spectra for Seismic Design ' 1- 12/73- Yes
of Nuclear Power Plants.

1.61 Damping Values for Seismic Design of Nu- 0 10/73 Yes
clear Power Plants.

1,62 Manuallnitiation'of Protective Actions. 0 10/73. Yes

1.63 Electric Penetration Assemblies in Contain. 3 2/87: Yes
ment Structures of Nuclear Power Plants.

1.64 Ouality Assurance Requirements for the De- Superceded i See Table
sign of Nuclear Power Plants. -17.0-1

1.63 Materials and Inspections for Reactor Ves- 0 13/73 Yes
sel Closure Studs.

1.68 ' Initial Test Programs for_ Water-Cooled -2 8/78 Yes
_

Reactor Power Plants.

1.68.1 Preoperational and Initial Startup Testing 1 1/77- Yes
of Feedwater and Condensate Systems for
Boiling Water Reactor Power Plants.

1.68.2 Initial Startup Test Program to Demonstrate 1 7/78 Yes
Remote Shutdown Capability for Water-Cooled
Nuclear Power Plants.

1.683 Preoperational Testing of Instrument and 0 4/82 Yes
- Control Air Systems. i

1.69 Concrete Radiation Shields for Nuclear Po- .0 12/73 Yes
wer Plants. :

1.70 Standard Format and Content of Safety Ana- 3 .' '11/78- Yes
lysis Reports for Nuclear Power Plants.

1.71 Welder Qualifications for Areas of Limited' 0 -12/73.-
'

Interface--

Accessibility.

1.72 Spray Pond Piping Made From Fiberglass- .2 11/78 Yes
Reinforced Thermosetting Resin.

-

.LO
- Amendment 21 1.8-42
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TABLE 1.8 20

: iRGs Applicable to AHWR (Continued)i: 1

I

t ABWR
Appl. | Issued Appil.S

F EG No. Revulatory Guide Title EgL - - Dgit - cable? f_qmments
p
; 1,73 Oudfication Tests of Electric Valve Ope. 0 1/74 Yes
; rators Installed inside the Containment of
; Nuclear Power Plants.
!

1.74 Quality Assurance Terms and Definitions. Superceded See Table i<

17.0-1
1.75 PhysicalIndependence of Electric Systems. 2 9/78 Yes

1

s

i 1,76 Design Basis Tornado for Nuclear Power 0 4/74 Yes
i Pluts
!
s

1.77 Assumptions Used for Evaluating a Control' 0 5/74 No PWR only
'

; Rod Ejection Accident for Pressurized Water
Reactors.

fj 1.78 Assumptions for Evaluating the Habitability 0 ;6/74-- Yes
; of a Nuclear Power Plant Control Room Dur-
j ing a Postulated Hazardous Chemical Re-

lease. " '-

:

1.79 Preoperational Testing of Emergency Core 1 9/75 No ' P W R ouiy.;

; Cooling Systems for Pressurized Water Reac-
tors,

1.81 Shared Emergency and Shutdown Electric Sys- 1 1/75 : Yes -
-

| tems for Multi-Unit Power Plants,
i-
$- 1,82 Water Sources for Long-Term Recirculation - 1 11/85 ~ Yes
[ Cooling Following Loss-of-Coolant Accident.
d

[ 1.83 In-Service Insp(ction of Pressurized Water 1 :7/75 No- PWR only
: Reactor Steam Generator Tubes.

~~

o

'
1.84 Design and Fabrication Code Case Acceptabi- - 27 ' 11/90| _ Yes '

[ lity, ASME Section III, Division L
.

1 1.85 Materials Code Case Acceptability, ASME 27 '11/90- Yes
Section Ill, Didsion 1, '

1-

1.86 Termination of Operating Licenses for Nu- L0 I6/74 Interface- - - -

. clear Reactors.
4

9

)
.

!

*
Amendment 17 1.8 43'- '
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,

TABLE 1.8 21 (Continued)

INDUSTRIAL CODES AND STANDARDS-
tAPPLICABLETO AHWR
i

Code or
Standard
Number Year Title

i

N45.2.5 1974 Supplementary Quality Assurance Requirements; 1r
lastallation, inspection,2nd Testing of Structu al-
Concrete and Structural Steel During the Construction

1

Phase of Nuclear Power Plants

N45.2.8' 1976 Quality Assurance Requirements for Installation,.

! (RG 1.116) Inspection, and Testing of Mechanical Equipment and - i

| Systems
V

| N509 1980 :adear Power Plant Air Cleaning Units and Components.

| N510 1980 Testing of Nuclest Air-Cleaning Systems.-

N101.2 1972 Protective Coatings (Paints) for Light Water Nuclear4 .

Containment Facilities

! N101.4 1972 OA fo Protective Coatings Applied to Nuclear Facilities

{O
_

- '

N195 (See ANS 59.51) -
,

N237- (See ANS 18.1

+

|

|
|

I
L

|

! * As modified by NRC accepted alternate positions to the related Regulatory Guide and identified
in Table 2-1 of Reference 1 to Chapter 17.-_

0;
Amendment 21.- 1.8 54,1'

,
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1A.2.2$ .teport on Outages of Emergency See Subsection 1 A.3.5 for laterface
Core. Cooling Systems Licensee Report Requirements
and Proposed Technical Specificallon
Changes [lI.K.3(17)] 1A.2.26 Modincation of Automatic De.

Pressurization System Imgic Feast.
NRC posttlon bility for increased Diversity for St ne

Event Sequences [II.K.3(18)]
Several components of the emergency core

cooling (ECC) systems are permitted by technical NKC Position
specifications to have substantial outage times (e.g.,
72 hours for one dicscl generator; 14 days for the The automatic depressurizatien system (ADS)
IIPCI systenA In addition, there are no cumulatlw sctuation logic should be modifkd to climinate the
outage tit. " I mitatlos for ECC systems. Licensees need for manual actuation to assure adequate core
should sul Gt a report detailing outage dates and cooling. A feasibility and risk assessment study is
' s gths of cutages for all ECC systems for the last 5 required to determine the optimum approach. One
years of operation. The report should also include possible scheme that should be considered is ADS
the causes of the outages (i.e., controller failure, actuation on low reactor.vesel water level provided
spurious isolation), no high pressure cc,olant injection (IIPCI) or high.

pressure coolant system (llPCS) flow exists and a
Clarification low pressure emergency core cooling (ECC) system

is running. This logic would complement, not
The present technical specifications contsin - replace, the existing ADS actuation logic,

liraits on allowable outage ti.nes for ECC systems
and components, llowever, there are no culative Response
outage time limitations on these same systems. It is
possib!c that ECC equipment could meet present An 8 minute high drywell pressure bypass timer
technical specification requirements but have a high has been added to the ADS initiation logic to address

O ti6tt>'r6 e'r'ea te#' 8 -i'hin's- rui tien i' - ii.x 3.28. rai it- -tiii iti t en 4
allowable technical apecfications. a Low Water Level 1 signal. When it times out, it

bypasses the need for a high drywell signal to initiate,

The licens;es should submit a repc.1 detailing the standard ADS initiation logie,
outage dates and length of cutages for all ECC
systems for the last 5 years of operation, including For all LOCAs inside the containment, a high
causes of the outages. This report will provide the drywell signal will be present and ADS will actaute
staff with a quantification of historical unreliability 29 seconds after a Low Water Leveli signalis
due to test and maintenance outages, which will be - reached. All LOCAs outside the containment
requirements in the technical specifications, become rapidly isolated and any one of the three

high pressure ECCS can :ontrol the water level. The
Based on the above guidance and clarification, a high drywell pressure bypass timer in th ADS

detailed report should be submitted. The report initiation logic will only affec: the LOCA response if
should contain (1) outage dates and duratien of all high pressure EC( | ail following a break outside
outages;(2) causes of the outaFe;(3) ECC systems the contatument l'or this case the ADS will
or components involved in the outage; and (4) automa?.ically bitaite within 509 seconds (8 minute
conective actica taken. Tests and maintenance timer plus .9 vcond standard ADS logie delay)
outages should be included in the above listings - following a low Water Levell signal,
which are to cover the last 5 years of operation. The
licensee should propose changes to improve the
availability of ECC equipment,if needed.

Applicants for an operating license shall
establish a plan to meet these requircraents.

p

5tesponse

O
Amendment 21 tA2-15
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TA11LE 2.01

) ENVELOPE OF AllWR STANDARD P! ANT SITE DESIGN PARAMETERS
.

j Maximum Ground Water 143el: Extreme Wind:
Basic Wg/130rnphg

Speed:
2 feet below grade 110 mph!

II I#I
Maximum Flood (or Tsunami) level: Tornado:

1 foot below grade . Maximum tornado wind speed: 300 mph
. Translational velocity: 60 mph

; Precipitation (for Roof Design): . Radius: 150 ft !

| . Maximum rainfall rate: 19.4 in/hr(8) . Maximum atm VP: 2.0 psid
. Maximum snow load: 50 lb/sq. ft. . Missile Spectra: Per SRP 3.5.1.4 *

; Spectrum 1
1

Design Temperatures: Soll Properties:;

; . Ambient . Minimum Bearing Capacity (demand): 15ksf ,

j l'1 Execedance Values . Minimum Sheat Wave Vehicity: 1000 fps )0
i Maximum: 100"F dry bulb /7/"F coincident wet . Liquification Potential:

,

; bulb
j Minimum: 10,F None at plant site rgiting N

-

from OBE and SSE
'

09 Excerdance Values (Ilistoricallimit) Seismology:,

i . Maximum: 115"F dry bulb /82"F coincident wet - . OBE g{round Acceleration (PGA):
'

bulb 0.10g
'

I . Minimum: . 40 F . SSE PGA : 0.30g(5)
3 . Emergency Cooling Water inlet:95 F + SSE Response Spectra: per Reg. Guide 1.60
i . Condenser Cooling Water inlet : s1000F SSE Time Ilistory: Envelope SSE Response

Spectra
,

IIE $0 year recurrence intervalt value to be utilized for design of non. safety related
structures only.

IEE 100. year recurrence intervalt value to be utilized for design for safety.related structures
only.

,

|
IE

Probable matimum flood level (PMF), as defined in ANSI /ANS.2.8, ''Detennining Design Basis'
Flooding at Power Reactor Sites.''

,

E
| 10,000,000-year tomado recurrence interval.

IbE Free. field, at plant grade elevation. '

; (6) iFor conservatism, a value of 0.15g is employed to evaluate structural and component
; responses in Chapter 3.

,u,
.

OE
; See item 3 in Section .1A.]for additionalinfonnation. $

I#E Maximum value for 1 hour i sq. mile PMP with ratio of 5 minutes to 1 hour PMP asfound in :
National SYeather Source Publication HMR No. 52. Natimum short tenn ratet 6.2in/5 min.,

1

: WE This is the minimum shear wav* velocity at low storms after the soll property uncertainties
|. .

have been applied.

Amendment 2t . 2.0-2;_
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CilAPTER 3

O unc or coyrEyrs (cDDoDDea,

sit 110A Hllt
APPENDIX 3A SEISMIC SOll STRUCTUREINTERACTION ANALYSIS

APPENDIX 3H CONTAINMENT LOADS

APPENDIX 3C COMPUTER PROGRAMS USED IN THE DESIGN AND
ANALYSIS OF SEISMIC CATEGORY I STRUCTURE

APPENDIX 3D COMPU(ER PROGRAMS USED IN Tile DESIGN OF
COMPONENTS EQUIPMENT AND STRUCTURES

APPENDIX 30 GUIDELINES FOR LHH APPLICATIONS

AEPENDIX 3E Deleted

8PPENDIX 3G REACTOR HUILDING ANALYSIS RESULTS

APPENDIX 3H DESIGN DETAll.S AND EVALUATION RESULTS
OF SEISMIC CATEGORY l STRUCTURES

APPENDIX 31 EQUIPMENT QUALIFICATION ENVIRONMENTAL
DESIGN CRITERIA

O
APPENDIX 31 CONTROL HUILDING SEISMIC ANALYSIS /RESUL'IS

'"
O

Amendment 21

. . . . . - . . . . . .. .
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C TAlllI3.21'

CLASSIFICATION SUMMARY
I The classification Information is presented by System "* In the following order:

Table Table
3.21 MPL 3.21 MPL
Item No. Number" 'llllt 11tu1}'g, Number" 1111t|

*

H Nuclear Holler Sunolv Suttm

! D1 D11 Reactor Pressure Vessel C11 C91 Process Computer (Includes
splem' PMCS and PGCS)

| B2 B21 Nuclear Boiler Sptem* C12 C93 Refueling Platform Control
Computer

D3 B31 Reactor Recirculation System
C13 - C94 ' CRD Removal Machine Control

C Control and Instrument Sntems Computer.

C1 C11 Rod Control and Information D Radiation Monitorinn Systems
System

D1 D11 Process Radiation Monitoring'
C2 C12 Control Rod Drive System Spiem .

C3 C31 Pecdwater Control Sptem D2 D21 Area Radiation Monitoring

O System
C4 C41 Standby Liquid Control

Splem

C5 C51 Neutron Monitoring Sptem' D3 D23 Containment Atmospheric
. Monitoring System *

C6. C61 Remote Shutdown Sptem
_

E Core Coollnn Sntems
C7 CT1 Reactor Protection System'

El. .E11 . Residuallicat Removal
C8 C81 Recirculation Flow Control - System'

Splem
.

' E2 E22 liigh Pressure Core Flooder
C9 CS2 Automatic Power Regulator System'

System

p C10 C85 Steam Dypass and Pressure .
Controf Sptem.'

.

These systerns or subsystems thereof, have a prirnaryfunction that is safety.related. As shown*
,.

|. In the balance of this Table, some of these systems contain non safety related components and,
V conversely, some systems whose primaryfunctions are non safety related contain components that
|. have been designated safety-related.

- " - Master Parts List Number desipatedfor the systern

L "* Only those systems that are in the AB H R Standard Plant scope are included in this table;

Amendment 20. -3.24



ABWR maan
Sinndard Plant nuv. n

TAlllE 3.2 1 g
CLASSIFICATION SUMMARY (Continued)

,% Table
.U4 eM's 3.21 hlPL
1p+M .WT 'Iltle item Nu, Nu mber* * ]]11e

E igAiling Sutems (Continued) F12 F51 Insenice Inspection
'

Equipment
E3 E31 leak Detection and Isolation

System' G Reactor Autillary Systems

I
E4 E51 Reactor Core Isolation Cooling G1 G31 Reactor Water Cleanup System '

System'
G2 G41 Fuel Fool Cooling and Cleanup

F Rtactor Senicine I:aulpment System

F1 Fil Fuel Servicing Equipment G3 0 51 Suppression Pool Cleanup
System

F2 F12 hiiscellaneous Senicing -
Equipment il f,.pntrol Panels

F3 F13 RPV Senicing Equipment 111 1111 hiain Control Room Fanels'

F4 F14 RPV Internal Senicing 112 1112 Control Room Back Fanels'
'

| Equipment
113 1114 Radioactive Waste Control

F5 FIS Refueling Equipment Pancis

F6 F16 Fuct Storage Facility 114 1121 local Control Panels'

l'1 F17 Under VesselSenicing 115 1I22 Instrument Racks
Equipment

116 1123 hfutiplexing System

|F8 F21 CRD hiaintenance Facility
117 1125 Local Control Boxes

P) F2.2 Internal Fump hiaintenance
Facility

F10 l'32 Fuel Cask Cleaning Facility

Fil F41 P. ant Start up Test Facility

These systems or subsystems thereof have a primary function that is safety-related. As shown in*

the balance of this Tabic, some of these systems contain non safety related components and,
conversely, some systems whose primaryfunctions are non safety related contain components that
have been designated safety-related.

" Afaster Parts List Number designatedfor the system

O
Amendment 21 3.2-7
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TABLE 3.21 |
! .

-

j CLASSIFICATION SUMMARY (Continued)
| Table Table ,

3.21 MPL 3.21 MPL ;

Item No. Number ** 3111g Item No. b' umber ** Illit ;
,

J Nuclear Fuel N12 N36 Extraction Sptem !

!
J1 J11 Nuclear Fuel N13 N37 Turbine Ilypass Sptem -

:
J2 J12 Fuel Channel N14 N38 Reactor Feedwater Pump Driver,

|

|K Radioactive Waste System N15 N39 Turbine Auxiliary Steam System

K1 K17 - Radwaste System N16 N41 Generator .
.

N hower Cvele Systems ' N17 N42 Ilydrogen Ga: Cooling Sptem

N1 N11 Ti.: blue Main Steam System N18 N43 Ger@rator Cooling System >

N2 N21 Condensate, Feedwater and N19 N44 . Generator Scaling Oil System
Condensate Air Extraction
System N20 N51 Exciter

,

N3 N22 11 eater, Drain and Vent System N21 N61 Main Condenser

O "4 " 24 ce de >< r >tric tie sr ie- " 22 " 62 orr8 sri - ;

N5 N26 Condensate Filter Facility N23 - N71 Circulating Water System

|N6 N27 Condensate Demineralizer N24 N72 Condenser Cleanup System

N7 N31 Main Turbine P Station Ausilairy Systems

N8 N32 Turbine Control Syste P1 P11 Make Water Sptem,

|- -(Purified):
| |N9 N33 Turbine Gt.Ud Steam Splem-

| P2 P13 - Makeup Water System
N10 N34 Turbine Lubricating Oil (Condensaw)

System

'

N11 N35 Moisture Separator licater
.

._

These systems or subsystems thereof, h' ave a primary function that is safety +. ated. As shown in
the balance of this Table, some of these systems contain non safety relatet.g' components and,

*

.

conversely, some systems whose primary functions are .non safety related contain components that
: have been designated safety related.

Master Parts List Number designatedfor the system"

.

'

O- .;
|-

Amendment 21 ' 3.2-7.1

>
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TAlllE 3.21 g
CIASSIFICAflON SUMMARY (Continued)

Table Table
3.2 1 MPL 3.21 MPL
llem No. Number" 11tJr Jtem No. Nu mber** Il11g

P Stallon Autillary Systems (Continued) P17 P73 Ilydrogen Water Chemistry |
System

P3 P21 Reactor Building Cooling
Water System' PIB P74 Zine Injection System

P4 P22 Turbine Building Cooling - P19 P81 Breathing Air Sptem !

Water System |
P20 P91 Sampling Sptem (includes PASS) |

'

PS P24 IIVAC Normal Cooling Water
System P21 P92 Freeze Protection System -

P6 P25 IIVAC Emergency Cooling Water P22 ' P95 f ron injection System
System

IR Station Electrical Synt aat
|P7 P32 Oxygen injeelon System

R1 R10 Electrical Power Disiribution
P8 P40 Ultimate IIcat Sink System

P9 P41 Reactor Service Water Sptem R2' R11 Unit Anxiliary Transformer e;
P10 P42 Turbine Service Water System R3 R13 Isolated Phase Bus

P11 P51 Station Instrument Air System R4 R21 Non.Segreated Phase Bus ,

P12 P52 instrument Air System R5 . R22 Metalciad Switchgear

P13 P54 liigh Pressure Nitrogen Gas R6 R23 Power Center
,

- Supply System
R7- R24 ' Motor Control Center ~' '

P14 P61 11 eating Steam and Condensate -

_ .

Water Return System - R8. R31 Raceway System -
.

.

FIS P62- 11ouse Boiler R9 R34 . Grounding Wire

P16 P63 llot Water 11 eating System - R10 R35 Electrical Wiring Penetration

These systems or subsystems thereof, have a primary function that is safety-related. As shown -*

In the balance of this Table, some of these systems contain non safety related components and,
conversely, some systems whose primaryfunctions are non safety related contain components that-
have been designated safety-related.

Master Pans List Number designatedfor the system"

;

9
Amendment 21 3.24.2
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TAlllE 3.21

CIASSIFICATION SUMMARY (Continued)
Table Table
3.21 MPL 3.21 MPL
llem No. Number ** Dilt item No. Number ** Dtle

_

R Station Electrical Svstems (Continued) T5 T25 PCV Pressure and leak Testing
Facility

R11 R40 Combustion Turbine Gncretator
T6 T31 Atmospheric ControlSptem

R12 R42 Direct Current Power Supply *
T7 T41 Drywell Cooling System

R13 R43 Emeregney Diesel Generator
Splem* T8 T49 Flammability Control System

R14 R46 Vital AC Power Supply T9 T53 Suppression Pool Temperature

|R15 R47 Instrument and Controol Power
Supply U Structures and Servicing Statems

R16 R$1 Communication System U1 U21 - Foundation Work

R17 R$2 Lighting and Servicing Power U2 U24 Turbine Pedestal
Supply

U3 U31 Cranes and floists

O S Power Transmission Systems

U4 U32 Elevator
|St S12 Reserve Transformer

US U41 Ileating, Ventilating and Air
T Containment and Environmental Control Conditioning'.

Sutems
U6 U43 - Fire Protection System

T1 Til Primary Containment System
U7 U46 Floor Leakage Detection

T2 T12 Containment Internal System
Structures

U8 U47 Vacuum Sweep System -
T3 T13 Reactor Pressure Vessel

Pedestal

T4 T22 Standby Gas Treatment System'

These systems or subsystems thereof, have a primary function that is safety related. As shown
*

in the balance of this Table, some of these systems contain non safety related components and,
conversely, some systems whose primaryfunctions are non. safety related contain components that
have been designated safety-related.

Master Pans List Number designatedfor the system"

O
Amendment 21 32-73.
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TAllLE 3.21 $
CLASSIFICATION SUMMAW (Continued)

Table Table
3.21 MI'L 3.2 1 MI'L
ltem No. Nu mber" Illit llem No, Number" Jhlt

U Structures and Ser,1 cine Sntems

(Continued)

U9 U48 Decontamination System

U10 U71 Reactor Building'

Ull U72 Turbine Building *

U12 U73 Control Building *

U13 U74 Radwaste Duilding

U14 U75 Senice Building

Y Ynrd Structures and Euulnment

Y1 Y31 Stack

Y2 YS2 Oil Storage and Transfer
System

Y3 Y86 Site Security

* These systems or subsystems thereof, have a primaryfunction that is safety-related. As shown
in the balance of this Table, some of these systems contain non safety related components and,
conversely, some systems whose primary functions are non safety related contain components that
have been designated safety-related.

Master Parts List Number designatedfor the system"

O
Amendment 20 3.2-7.4
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TAH1.E 3.2 1
.,

CIASSIFICATION SUMMARY (Continued)4

J'

Quality
Group Quality

Safet4 Loca. Classi. Assurance Seismici

i Princloal Comnonent" Class ilGR fication Reaulrement' Calenorv Notes
*

! H2 Nuclear Holler System (Continued)
J

l 4. Pipingincluding supports 1 C SC A B I

main steamline (MSL) and feed-;

! water (FW)line up to and in.
' cluding the outermost bolation
i valve

5. Pipingincluding supports. 2 SC B . B I !

MSL from outermost
j- h isolation valve to and including
; seismic interface restraint and

"
,

FW from outermost isolation valve
'

,

; - to the shutoff valve

!2 fs,$$'6. Piping including supports MSL N SC,T B B (r)
'

-
,

'
from the seismic interface
restraint to the turbine stop valve ;

I |7. Piping from FW shutoff valve 3 SC C B 1

to scistele interface restraint4

8. Deleted
,

.

l L9. Deleted

10. Pipe whip restraint MSL/FW 3 SC,C B - ~' . (dd)-'.--
-

i if needed

j- $ 11. Pipingincluding supports other !

N within outermost isolation valver.j

a. RPV head vent 1 C A B 1 (g).

,

b. Main steam drains 'l C,SC A B 1 .(g)

b I
'

12. Piping including supports-otherg
beyond outermost isolation or
shutoffvalves

4 ,

4 a. - RPV head vent beyond N C- C: = E. .

shutoff valves g
b, - Main steam drains N. SC~ .B/D B~ 1/-- (r) --

'

O
.

' Amendment 21 - 3.2-9
-
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CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safet4 Loca. Classi. Assurance Selsmic

Princinal Comnontal" Dan ilon Dention Requirement' CaltS90 N91t1

H2 Nuclear BoIIer System (Continued)

$NA13. Pipingincluding supports- 2/N C.SC B/D B/E 1/- (g)
instrumentation up to and
beyond outermost isolation
valves

14. Safety / relief valves 1 C A B I

15. Valves MSLand FW 1 C,M 'A- B 1

isolathm valves, and other-
FW valves within containment

16. Valves FW,other beyond 2 SC B B I
outermost isolation valves up to

,
ani .neluding shutoff valves

17. Valves within outermost isolation valves

a. RPV head vent 1 C A B 1 (g)
b. Main steam drains 1 C.SC .A B I (g)

18. Valves,other

a. RPV head vent 3 C -C B .I
b. Main steam drain N SC C- B -

19. Deleted .

20. Mechanicalmodules-instrumen. 3 C,SC B I-

tation with safety related function

21. Electrical modules with safety-- 3 - C,SC,X .B 1 (i)-

related function

22. Cable with safety-related 3 C,SC,X
. -B I

function

0:
Amendment 21 3.2 10
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TA11LE 3.21 $
CLASSIFICATION SUMMAltY (Continued)

Quality
Group Quality

Safety loca. Classi- Assurance Seismic
f NotesPrincipal Comoonenta Classb ge ficationd )[t quirement' Caltgm

I!3 Reactor Recirculation System
e

1. Piping Purge System, heat 3 C C B 1 (s) EE
""

exchanger and primary side
of recirculation motor cool-
ing system (RMCS)

2. Pipe Supports 3 C C B I

3. Pump motor cover 2 C B B I
and hardware

f4. Pump non pressure retain- N C E- ---

ing parts including motor,
instruments, electrical
cables and seals

5. Valves 3 C C B 1 (g)

6. ATWS equipment associated N C (cc) {E- --

with the pump trip function "

Cl Rod Control and Information System

1. Electrical Modules N RZ,X D E --

2. Cable N SC,R7 X D E ---

C2 CRD System

1. Valves with no safety related N SC D E - - -

function (not part ofIICU)
8
0 2. Piping including supports- 2 C.SC B B 1 (j)

insert line

3. Piping.other (pump suction, N SC D E --- (g) g
pump discharge, drive

header)

4. Ilydraulic control unit 2 SC B i (k)---

5. Fine motion drive motor N C E --

g g-

Amendment 20 3.2-11
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TAllLE 3.21

CIASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safel4 Loca. Classi- Assurance Seismic
Princloal Component" Clan 11gn" fication MegulttlRtR(' Catenorv F,gits

E4 RCIC System (Continued)

{ 4. RCIC Pump and pipingincluding 2 SC B B 1 (g)
support, CST suction line from
the first RCIC motorized vaht,
S/P suction line to the pump,
discharge line up to the FW line
*B' thermal sleeve

k S. Pump motors N SC E I---

6. Valve. outeri:ola- 1/2 C,SC A/B- -- B 'I- (g)
tion and within

__

k 7. Valves outside the PCV' 2 SC B B- 1- -(g)

8. Vahts beyond turbine 3 SC C B 1 (g)

O i i t e a a ' err

{ 9. Turbine including supports 2 SC B 1 (m)---

10. Electrical modules with 3 C SC,X B 1~

safety-related function

11. Cable with safety . 3 C,SC,X ' B I'~

function

12. Other mechanical and N SC,X E--- --

electrical modules

h F1 Fuel Servicing Equipment N/2 SC E.-- -

F2 Miscellaneous Servicing Equipment N SC,RZ E-- ---

Exceptitem &*

O-
Amendment 21. 3.2 17
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TA111.E 3.21 g
CIASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safet4 loca. Classi. Assurance
11 n* fication Reautrement' Seismic [Principal Component" Class D Categor Nutra

E --

|F3 RPV Senicing Equipment N/2 SC -

F4 RPV Internal Senicing Equipment N SC E- --

F5 Refueling Equipment

5
E I (bb) $g1. Refueling equipment N SC -

; platform assembly A4
M

2. Refueling bellows N SC -- E -

F6 FuelStorage Equipment

1. Fuel storage racks - N SC E I (bb)--

new and spent $

(bb) h2. Defective fuel storage N SC E--- -

3. Spent fuel poolliner N SC E I
|

---

F7 Under Vessel Servicing Equipment N SC E (bb)-- ---

F8 CRD Maintenance Facility N SC E- ---

F9 Internal Pump Maintenance Facility N SC E-- ---

F10 Fuel Cask Cleaning Facility N SC E- -

Fil Plant Start up Test Equipment N M E- -

O
Amendment 21 3.2-lu -
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TAHLE 3.21

CIASSIFlCATION SUMMARY (Continued)

Quality
Group Quality

Safetz' lua. Classi- Assurance . ' SeismicPrinelnal Como<,ucut" Clain lign* fication Reaulrrment Mtsen Notes
K1 Radweste System

1. Drain piping including supports N ALL D E. (p)--

and valves radioactive (except
RE,X)

2. Drain piping including supports N ALL D E (p)--

and valves nonradioacthe

3. Piping and valves - 2 C,SC. B -B 1

containment isolation

4 Pipingincluding supports N C,SC B B I
and vahes forming part of
containment boundary

5. Pressure vessels including N' W E (p)- -

O -ri-"

6. Atmospherie anksincluding N C,SC,II, E --- (p)--

supports T,W

7. 0-15 PSIG Tanks and supports N W E' .(p)- --

8. Ileat exchangers and supports' N C,SC,W E (p)-- -

9.- Piping including supports N- - C SC,11, E (p)- -

and valves T,W -

10. Other mechanical and N ALL= -- E (p)--

electrical modules

11. ' ECCS equipment room 3 SC C 'B 1

sump backflow protect-
ion check valves

N1 Turbine Main Steam System -

L Deleted

O -

Amendmem 21 - 3.2-21.2
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TAllLE 3.21 $
CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safety loca. Classi. - Assurance Seismic
Princinal Componenta ggggb ge ggd Reauiremente Catenord No. iga

N1 Turbine Main Steam System (Continued)

2. Branch line of MSLincluding N SC,T B B (r)-

supports between the second
isolation vahr and the turbine
stop valve from branch point at
MSL to and including the first
valve in the branch line

N2 Condensate, Feedwater and Condensate
Air Estraction System

1. Main feedwater line (MFL) N SC B B 1

including supports from second
isolation vahe branch lines
and components beyond up to
outboard shutoff valves g

Ei 2. Feedwater system components N T D E --
A beyond outboard shutoff valve

N3 Heater, Drain and Vent System N T E'- ~

N4 Condensate Purification System N T E- -

N5 Condensate Filter Facility N T - . . - - E -

N6 Condensate Deminerallier N T E-- - - .

N7 Main Turbine -N T E-- --

N8 Turbine Control System

1. Turbine stop vahr, turbine N T D E (1)(n)(o):---

bypass valves, and the main

steam leads from the turbine
' control valve to the turbine -
casing .

O
Amendment 20 12-21.4
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!] TAHLE 3.21

[ CLASSIFICATION SUMMARY (Continued)
i

!
Quality

; . Group Quality

j Princinal Component" Qait lina' fication Regulmatal'. SeismicSafelg Loca. Classi. Assurance* I
Cateverv Notes

; N9 Turbine Gland Steam System N T D E -

a

E
! NIO Turbine Lubricating Oil System N T -.

E; N!! Moisture Separator Healer N T --

1

E2 N12 Extraction System N T --

I

j N13 Turbine Hypass Sptem

L Turbine bypass piping N T D E -

;. induding supports
up to the turbine'

bypass valve4

;

|. N14 Reactor Feedwater Pump Driver N T E ~-

N15 Turbine Auxiliary Steam System N T E ---

.

E'; N16 Generator N T --

i

| N17 Hydrogen Gas Cooling System N T E '.--

1

N18 Generator Cooling Splem - N T E-- -

.

! N19 Generator Sealing Oil Splem N T E ---

:

N20 Exciter N T E.- ...

2 N21 Main Condenser N T -- .E -

1

| N22 Offgas System - N .T E~-- ~

N23 CirculatingWaterSystem N T - D. E -

F N24 Condenser Cleanup Facility N T
'

E- _

--

!
i

i-
,

|

..o;

~ Amendment 21 3.2-21A -,
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TAllLE 3.21 h
CLASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safety Isoca- Classt. Assurance Selsmle
Princinal Comnonenta Claihb bc ficationd Regulrtnitate catenord $1ga

P! Makeup Water System (Purifled)

1. Pipingincluding suProrts and 2 C B B l *

valves forming part of thew con-
tainment boundary

k2. Demineralizer water storage N O D E ---

tank including support

3. Demineralizer water header. 2 SC B B I
pipingincluding supports
and vahu

4. Pipingincluding supports and N O D E -

valves

5. Other components N O D E g.---

P2 Makeup Water System (Condensate)

1. Condensate storage tank N O D E (w)--

including supports

2. Condensate header piping 2 SC' B B' I
g including supports, level
;; instrumentation and valves

f3. Piping including supports and N O D E -

valies and other components

N P3 Reactor Building Cooling Water System

1. Piping and valves forming part -2 SC,C B B I (g)
g of primary containment boundary

E
2. . Other safety-related piping, 3 SC,0 C B 1

including supports, pumps and
valves

i .

Amendment 20 .' 3.2-22
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CIASSIFICATION SUMMARY (Continued)
t

Quality
Group Quality ]

Safety Loca. Clasti. Assurance Selsmic

E69doal_Com9anenta fdAMD llen' - lifAl. lead jkguiremente Catenorvf Notes j
US Hu_*ing, VentWilng, and

Air ConditicMn Systems' (Continued)

B- 1 !g. Vt 4cs and Dampers. .2 SC,RZ ~

secondary containment ,

holation
!

h. Othr ufeiprelated 3 . II,Z B. I ;-

valves and eampers
'

-i
1. Electrica! stadttles wkh 3 SC,RZ .B I_-

safety related functica - - H,X . |

J. Cable with safety related 3 SC.RZ B 1 ;--.

function l{,X

2. Non safety related equipment"

'
a. IIVAC mechanical or N SC,RZ,H - E M-

electrics components X,W,T E
with non safety related

'

functions

'

U6 Fire Protection System

1. Piping including supports and - 2 C- .B B .I

valves forming part of the

| primary containment botnduy
c.

2. Other pipingincluding supports _ N SC,C,X D- E (t) (u)-

and valves RZ,II,T,
W,0 _ iy

M
'

3. Pumps N F. D .E- . (t) (u)--

4. Pump motors - N -- F - (t) (u)-E-.- -

Includes therrnal and radiological ensironmcntal controlfunctions uititht the ABIiR Standard*

Plant scope.

; " Controls emironment in rooms or areas containing non safety related equipment nithin the
'

. - ABlIR Siandard Plant.

Amendment 20 3.2-29
|
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TABLE 3.21 g
CIASSIFICATION SUMMARY (Continued)

Quality
Group Quality

Safet4 leem. Classi- Assurance Selsmg .

Princinal Comnonent" fjana 119 3* (lcation Requirement' Category Notes
06 Firy Protection System (Continued)

5. ElectricalModules N C SC,X (t)(u)E- -

RZ,il,
TW

.
.

| 6. CO actuation modules N RZ . t)(u)E (- -

2

7. Cables N SC,C,X (t)(u)E- ---

8.Symklere or deluge water N H W.SC, D E. (t) (u)-.---

. X,RZ,T

9.' Foam, preaction or deluge N RZ,T (t) (u)''E- -

07 Floor leakage Detection System N- SC,RZ E -~

gU8 Vacuum Sweep System N C,SC .. -E- --

U9 Decontamination System N C,SC,RZ -- E -

T,W,S,X

U10 Reactor Building 3 SC,RZ - 'B I-

(v)(ce) |Ull Turbine Building N T -E-- -

U12 Control Building 3. X B 1
'

-

k_U13 Radweste Building - N W E- --

1. Radwaste Building Subst:ucture 3 W B I--

U14 Service Building N 11 E g-- ----

Y1 Stack 3 RZ E l--

Y2 Oil Storage and Transfer System 2/N O' B/E; 1/--

Y3 Site Security N- ALL E-- --

e
: Amendment 21 - 3.2-30
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NOTLS ' Continued)

s. The recirculation motor cooling system (RhtCS) is classified Ouality Group C and Safety Class 3 which
is consistent with the requirements of 10CFR50.55a. The RMCS, which is part of the reactor coolant
pressure boundary (RCPD) meets 10CFR50.55a (c)(2). Postulated failure of the RMCS piping cannot
cause a loss of reactor coolant in excess of normal makeup (CRD return or RCIC Ilov.). and the RMCS
is not an engineered safety feature. Thus, in the event of a po:tulated failure of the RMCS piping
during normal operation, the reactor can be shutdown aid cooled down in an orderly manner, and
reactor coolant makeup can be provided by a normal make up system (e.g., CRD return or RCIC
system). Thus, per 10CFR50.55a(c)(2), the RMCS need not be classified Quality Group A or Safety
Class 3, however, the system is designed and constructed in accordance with ASME Boiler and Pressure
Vessel Code, Section 111, Class 1 criteria as specified in Subsection 3.9.3.1.4 and Figurc 5.4-4.

3 t, A quality assurance program for the Fire Protection System meeting the guidance of Branch Technical
A Position CMEB 9.51 (NUREG-0800), is applied.

u. Special seismic qualification and quality assurance requirements are applied.
,

v. See Reg Guide 1.143, paragraph C.$ for the offgas vaalt seismic requirements,

w. The condensate storage tank will be designed, fabricated, and tested to meet the intent of API
Standard API 650, in addition, the specification for this tank will require: (1) 100% surface
examination of the side wall to bottom joint and (2) 100% volumetric examination of the side wall
weld joints.

| The craues are designed to hold up their loads and to maintain their positions over the units underx.

conditions of SSE.
'

y. All off engine components are constructed to the cztent possible to the ASME Code, Section 111,
Class 3.

Components associated with safety related function (e.g., isolation) are safety related.z.

aa. Structures which support or house safety related mechanical or electrical components are
: safety related.
:

bb. All quality assurance requireme its shal! be applied to ensure that the design, construction and;

testing requirements are met.

cc. A quality a.uurance program, which meets or exceeds the guidance t.! Generic 1:tter 85-06, is applied,,

h to all non safety related ATWS equipment.

dd. The need for pipe whip restraicts on the MSL/FW piping will be determined by a ' leak-before-break"
! e valuation.

| ee. The condenser anchorage and turbine procedure is given in Subsection 3.7.3.16 and the codes, load
combinations, and structural acceptance criteria are given in Table 3.2-4

1
i

Ci
|

U
Amendment 21 3.2-M.1
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3.3 WIND AND TORNADO LOADINGS Reference 1. Reference 2 is used to obtain the

(] cffective wind pressures for cases which Refer.'
AllWR Standard Plant structures which are ence 1 does not cover. Since the Seismic Cat.

Seismic Category I are designed for tornado and egory I structures are not slender or flexible,
extreme wind phenomena, vortex shedding analysis is not required and the

above wind loading is applied as a static load.
3.3.1 Wind Imadings

3.3.2 Tornado Imadings |
33.1.1 Design Wind Velocity

33.2.1 Applicable Design Parameters
Seismic Category I structures are designed to

withstand a design wind velocity of 130 mph at an The design basis tornado is described by the
elevation of 33 feet above grade with a recut- following parameters:
rence interval of 100 years See Subsection
3.3.3.1 for interface requirement. (i) A maximum tornado wind speed of 300 mph at a

radius of 150 feet from the center of the
33.1.2 Ikterm: nation of Applied Forces tornado;

The design wind velocity is converted to (2) A maximum translational velocity of 60 raph;
velocity pressure in accordance with Reference 1
using the formula: (3) A maximum tangential velocity of 240 mph,

based on the translational velocity of 60
q, = 0.00256 K, (IV)2 mph;

where K = the velocity prescure exposure (4) A maximum atmospheric pressure drop of 2.00 I*
coefficient which depends upon the psi with a rate of the pressure change of
type of exposure and height (z) 1.2 psi per second; and
above ground per Table 6 of
Reference 1. (5) The spectrum of tornado generated missiles

and their pertinent characteristics as given
1 -the importance factor which depends in Subsection 3.5.1.4.

on the type of exposure; appropriate
values of 1 arc listed in Table See Subsection 3.3.3.2 for interface
3.3 1, requirement.

V = design wind velocity of 130 mph, and 33.2.2 1ktermination of Forces on Structures

q* a velocity pressure in psf The procedures of transforming the tornado
loading into effective loads and the distribu-

The velocity pressure (q ) distribution with tion across the structures are in accordance
height for exposure types C a$d D of Reference 1 with Reference 4. The procedure for transform-
are given in Table 33 2. ing the tornado generated missile impact into an

effective or equivalent static load on strue.
The design wind pressures and forces for tures is given in Subsection 3.5.3.1. The load-

buildings, components and cladding, and other ing combinations of the individual tornado load-
structures at various heights above the ground ing components and the load factors are in accor-
are obtained, in accordance with Table 4 of dance with Reference 4.
Reference 1 by multiplying the velocity pressure
by the appropriate pressure coefficients and gust The reactor building and control building are
factors. Gust factors are in accordance with not vented structures. The exposed exterior
Table 8 of Reference 1. Appropriate pressure roofs and walls of these structures are designed
ccefficients are in accordance with Figures 2, for the 2.00 psi pressure drop. Tornado dampers
3a,3b,4, and Tables 9 and 11 through 16 ofO
Amendment 21 3.31
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are provided on all air in'ske and exhaust 3. ANSI /ANS 23, Americo National Standard,
openings. These dampers are designed to Estimating Tornado an1 Extreme Wind g
withstand a negative 1.46 psi pressure. Characteristles at Nalear Power

Sites, Standards Committee Working Group
3J.23 Effect of I allure of Structures or ANS.-2.3, American Nuclear Soc! sty.
Components Not Designed for Tornado leads

4. Bechtel Topical Report BC-TOP 3 A, Revision
All safety related system and components are 3, Tornado and Extreme liind Design Criteria

protected within tornado. resistant structures. for Nuricar Powcr Plants.

See Subsection 3333 for interface requirement.

3.3.3 Interfaces

333.1 Site Specine Design Itasis Wind

The site specific design basis wind shall not
exceed the design basis wind given in Table 2.01
(See Subsection 2.2.1),

3.33.2 Site Specine Design Itasis Tornado

The site-specific design basis tornado shall
not exceed the design basis tornado given in
Table 2.0-1 (See Subsection 2.2.1).

3.3.3.3 Effect of Remainder of Plant Strue. g
tures. Systems, and Components not Designed for w
Tornado 1oads

All remainder of plant structures, systems,
and components not designed for tornado loads
shall be analped for the site specific loadings
to ensure that their mode of failure will not
effect the ability of the Seismic Category I ABWR
Standard Plant structures, systems, and compo.
nents to perform their intended safety functions.

| (See Subsection 33.2.3)

3.3.4 References

1. ANSI Standard A58.1, Minimwn Design Loads
for Buildings and Other Structures,
Committee A. 58.1, American National
Standards Institute.

2. ASCE Paper No. 3269, li'ind Forces on
| Structures, Transactions of the American

Society of Civil Engineers, Vol.126. Part
II.

|

O
Amendment 6 3.32
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generated from other natural phenomena. The 3.5.1.6 Alttraft flasards
design basis tornado for the ABWR Standard Plant
is the maximum tornado windspeed corresponding to Aircraft hazards are not a dcsi
a probability of 10E 7 per year (300 mph). The for the Nuclear Island (i.e.110'p basis eventper year),
other characteristics of this tornado, summarized
in Subsection 3.3.2.1. The desigo ' is tornado 3.5.2 Structures, Systems,and
missiles are per SRP 3.5,1.4, Spcetru n 1. Components to be Protected from

Externally Generated Missiles

The sources of external missiles which could
affect the safety of the plant are identified in
Subsection 3.5.1. Certain items in the. plant
are required to safely shut down the reactor and
maintain it in a safe condition assuming an
additional single failure. These items, whether
they be structures, systems, or components, must

Using the design basis tornado and missile therefore all be protected from esternally
spectrum as defined above with the design of the generated missiles.
Seismic Category I buildings, compliance with all
of the positions of Regulatory Guide 1.117 These items are the safety related items
* Tornado Design Classification / Positions C.1 listed in Table 3.21. Appropriate safety
and C.2 is assured. classes and equipment locations are given in

this table. All of the safety related systems
The SGTS charcoal absorber beds are housed in listed are located in buildings which are

the tornado resistant reactor building and designed as tornado resistant. _ Since the
therefore are protected from the design basis tornado missiles are the design basis missiles,
tornado missiles. The offgas system charcoal the systems, structures, and components listed

O 6 e 6 > 6 a ie i a a n -iini in i >di - ia a ie 6 d a i ir orei ci a-
building and it is considered very unlikely that Provisions are made to protect the charcoal
these beds could be ruptured as a result of a delay tanks against tornado missiles,
design basis tornado missile. These features
assure compliance with Position C.3 of Regulatory See Subsection- 3.5.4.1 Ior interf aee
Guide 1.117 requirement.

An evaluation of all non safety related 3.5.3 Harrier Design Procedures
structures, systems, an'' components (not housed

__ The procedures by which structures andin a tornado structure) whose failure due to a
__ _

design basis tornado missile that could adversely barriers are designed to resist the missiles
impact the safety function of safety related described in Subsection 3.5.1 are presented in
systems and components will be provided to the this section. The following procedures are in
NRC by the applicant referencing the ABWR accordance with Section 3.5.3 of NUREG 0800
design. See Subsection 3.5.4.2 for interface (Standard Review Plan).
requirements.

3.5.3.1 lecal Damage Prediction
3.5.1.5 Site Prosimity Missiles Except

__

Aircraft The prediction of local damage in the impact
area depends on the basic material of construcs

External missiles other than those generated tion of the structure or barrier (l.c., concrete
by tornadgs are_ not considered as a design basis or steel). The corresponding procedures are
(i.e.110' per year), presented separately. Composite barricts are

not utilized in the~ABWR Standard Plant for
missile protection. -

O
Amendment 21 3.5-7
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3.5.3.1.1 Concrete Structures and liarders

G
The modified Petty formula (Reference 3) is

applied analytically for missile penetration in
oncrete. To prevent perforation, a minimum

concrete thickness of 2.7 times the penetration
thickness determined for an infinitely thick
concrete slab is employed. In the event that
spalling or scabbing is unacceptable, a minimum
concrete thickness of 3 times the penetration |

thickness determined for an infinitely thick
concrete slab is provided. These Asign
procedures have been substantiated by f.al scale
impact tels in which rc 'orced concrete panels
(12 to 24 inches thick, 3000 psi design
strength) were impacted by poles, pipes, and
rods simulating tornado borne debris (Reference j
4). i

3.53.1.2 Steel Structure and Itarriers

The Stanford equation (Reference 5) is
applied for steel structures and barriers. |

3.53.2 Overall Damnge Prrdiction
|

The overall response of a structure or & :
barrier to missile impact depends largely upon W j
the location of impact (e.g., near mid span or
near a support), dynamic properties of the
steucture/ barrier and missile, and on the ki-

1
netic energy of the missile. In general, it has |

been assumed that the impact is plastle with all |
of the initial momentum of the missile trans-
ferred to the structure or barrier and only a

!
portion of the kenetic energy absorbed as strain |
energy within the structure or barrier.

After demonstrating that the missile does not
perforate the structure or barrier, an equi-

1

|

|

9l
Amendment 14 33 7.1
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b CONTENTS

Section Tult Eagg

3.6.1 Postulated Pinine Fallurus in Fluid
Sntems Inside and Outside of Containment 3.61

3.6.1.1 Design llates 3.6-1

3.&1.1.1 Criterla 3.G1

3.6.1.1.2 Objectives 3.6-2

3.6.1.13 Assumptions 3.G2

3.6.1.1.4 Apptonch 3.63,

3.6.1.2 ' Description -3.63

3.6.13 Safety Evaluation 3.6-3

3.6.13.1 General 3.63

3.6.13.2 Protection Methods 3.6-4

O 3.6.13.2.1 Oenetal 3.G4

3.6.13.2.2 Separation - 3.6-4

3.6.13.23 Barriers, Shields, and Enclosures 3.65

3.6.13.2.4 Pipe Whip Restraints 3.G5' |
3.6.133 Specific Protection Measures ~ 3.65-

3.6.2 - Deter-t== tion of Break Im elons and
Dynamic Effects Associated with the
Postulated Runture of Pininn 3.6-6

3.6.2.1 Criteria Used to Define Break and Crack
location and Configuration '3.6-6-

3.6.2.1.1 Definition of liigh Energy Fluid Systems : 3.6-6

3.6.2.1.2 Dermition of Moderate Energy Fluid Systems - 3.6-6

:
_

3.Gli -

Amendment 21

.



_ . _ _ . _ - - . _ _ . . _ _ _ _ . _ _ _ . _ __._ ._

ABWR mum
|Standard Plant RW H

|SECTION 3.6

CONTENTS (Continued) ki
!Settlan Title fase

3.6.2.13 Postulated Pipe Breaks and Cracks 3.6-6

3.6.2.1.4 Locations of Postulated Pipe Breaks 3.67 |
.

3.6.2.1.4.1 Piping Meeting Separation Requirements 3.6-7

3.6.2.1.4.2 Pipingin Containment Penetration Areas- 3.67 *

3.6.2.1.43 ASME Code Section Ill Class ! Piping in Ateas
Other Than Containment Penetration 3.6-9

3.6.2.1.4.4 For ASME Code Section III Class 2 and 3 Piping >

in Areas Other Than Containment Penetration - 3.6-9

03.6.2.1.4.5 Non ASME Class Piping 3.6-10-

3.6.2.1.4.6 Separating Structure with liigh. Energy Lines 3.6 10

i3.6.2.1.4.7 Deleted

-e ,

3.6.2.1.5 locations of Postulated Pipe Cracks:. 3.6 10 -

3.6.2.1.5.1 Piping Meeting Separation Requirements 3.6-10

3.6.2.1.5.2 Iligh Energy Piping ~ .510 ;3

3.6.2.1.53 Moderate-Energy Piping 3.6-10

3.6.2.1.53.1 Pipingin Containment Penetration Areas 3.6-10
v

3.6.2.1.53.2 Piping in Areas Other Than Containment Penetration 3.6i10

3.6.2.1.5.4 Moderate Energy Piping in Proximity to .
liigh Energy Piping 3/. 31

3.6.2.1.6 Types of Breaks and Cracks to be Postulate.1 - 3.6 11

3.6.2.1.6.1 Pipe Breaks 3.6 11

3.6.2.1.6.2 Pipe Cracks - 3.6-12 ;

3.6-iii

Amendment 21

i .!
-

-

. - . . . - . . - _ _ _ . - - - , . _ . . . _ -. _ - - . . . _ , . . . . . . _ - . _ , . , ., - . - . _ . - - . . _ _ _ _ _ , , . - - . _ . . . ._



- . . . . - .. -- . . . . - .-

'ABWR ' mame : ..

Standard Plant RI?V. n .

SECTION 3.6 --

;O c o u r u r s (c ontiooea)

SKlinn 31tle Pane

3.6.2.2 Analytic Methods to Define Blowdown Forcing .
Functions and Response Models 3.6 13

3.6.2.2.1 Analytical Methods to Define Blowdown
Forcing Functions 3.6 13

3.6.2.2.2 Pipe Whip Dynamic Response Analyses 3.6-14

3.6.23 Dynamh Analysis Methods to Verify
iv.egrity and Operability 3.6-15-

3.6.23.1 Jet Impingement Analyses and Effects on
Safety Related Cornponents 3.6-15 ~

3.6.23.2 Pipe Whip Effects on Essential Components ; .3.6-18

3.6.23.2.1 Pipe Displacement Effects on Components
in the Same Pipe Run . 3.6 18

,

3.6.23.2.2 Pipe Displacement C.ffects on Essential
,% uctures, Other Systems, and Components . ' 3.6-18

O 4.6.23 3 Loading Combinations and Design Criteria
for Pipe Whip Restraints 3.6 19

3.6.2.4 Guard Pipe Assembly Design 3.6-22

3.6.2.5 Material to be Supplied for the Operating
.

License Review 3.6 22--

3.63 leak-Befont-Break Evaluation Pro.stdutta 3.6-22'

3.63.1 ' General Evaluation 3.6-23

3.63.2 Deterministic Evaluation Procedure 3.6-24

3.6.4 COL License Information - 3.6-27

3.6.4.1 Details of Pipe Break Analysis Results<

Protection Methods
'

3.6-27

3.6.4.2 Leak-Before-Break Analysis Report 3.6 27.1
,

3.6.5 References 3.6-27.1

'""

0
Arsendment 21

4

* r m ,-u- , . - - - - - -- , c , , - , - , , e -*-ww. m ms , . - . + - , . ,.-.r-+



. -

ABWR m6iman
Standard Plant nrN. n

SECTION 3.6

hTABLES:

. Table 1111e East

3.6-1 Essential Systems, Components, and Equipment
for Postulated Pipe Failures Inside Containment 3.6-28 -

3.6-2 Essential Systems, Components, and Equipment -
for Postulated Pipe Failures Outside Containment : 3.6-30.

3.6-3 liigh-Energy Piping Inside Containment - 3.6-31

3.6-4 High-Energy Piping Outside Containment 3.6-32

3.6-5 Deleted

3.6-6 Moderate Energy Piping Outside Containment 3.6-33.1

3.6-7 -- Additional Criteria for Integrated Leakage-

Rate Test 3.6-33.2

. ILLUSTRATIONS

Figure Title East $-
3.6-1. Deleted

3.6 2 Deleted

3.63 Jet Characteristics ; 3.6-36'-

3.6-4 Deleted -

3.6-Sa Deleted

3.6-5b Deleted

3.6-6 Typical P pe Whip Restraint Configuration - 3.6-40_ -

3.6-v

O
Amendment 21

,.
. .

. .. _ _ _ . = _ _ _



- _ . - - - - . -

'
ABWR ux6ioore
Standard Plant RIN. D

3.6 PROTECTION AGAINSTDYNAMIC
' D EFFECTS ASSOCIATED WITH THE subsection 3.6.3 and Appendix 3E describe the
i\ POSTULATED RUPTURE OF PIPING. implementation of the leak +before break (LBB):

evaluation procedures as permitted by the broad
This Section deals with the structures, sys. scope amendment to General Electric Criterion 4

tems, components and equipment in the ABWR (GDC-4) published in Reference 1. It is antici-
Standard Plant. pated, as mentioned in Subsection 3.6.4.2, that

a COL applicant will apply to the NRC for,

Subsections 3.6.1 and 3.6.2 describe the approval of LBB qualification of selected piping
| design bases and protective measures which ensure by submitting a technical justification report,

that the containment; essential systems,'compo. The approved piping. referred tc in this SSAR as
nents and equipment; and other essential struc- the LBB piping, will be excluded from pipe
tures are adequately protected from the conse. - breaks, which are required to be postulated by,

| quences associated with a postulate.d rupture of Subsection 3.6.1 and 3.6.2, for design against
' high energy piping or crack of moderate cuergy their potential dynamic effects. However, such
j piping both inside and outside the containment. . piping are included in postulation of pipe
: cracks for their effects- as described in
] Before delineating the criteria and assump Subsections 3.6.1.3.1, 3.6.1.2.1.5 a n d

; tions used to evaluate the consequences of pip- 3.6.2.1.6.2. It is emphasized that an LBB
ing failures inside and outside of containment, qualification submittal is not a mandatory

.

; it is necessary to define a pipe break event and requirement; a COL applicant has an option to
; a postulated piping failure: select from none to all technically feasible
i

.

approach. The decision may be made based upon a
piping systems for the benefits of the LBB-

Pipe break event: Any single postulated ~

piping failure occutting during normal plant cost benefit evaluation (Reference 6),
operation and any subsequent piping failure
and/or equipment failure that occurs as a direct 3.6.1 Postulated Piping Failures-

OD consequence of the postulated piping failure. In Fluid Systems Inside and-

Outside of Contalnment.

Postulated Piping Failure: Longitudinal or
circumferential break or rupture postulated in - This subsectica sets forth the design bases,
high energy fluid system piping or throughwall description, and safe _ty evaluation for determin-
leakage crack postulated in moderate-energy fluid ing the effects of postulated piping failures in
system piping. The terms used in this definition fluid systems both inside and outside the con-
are explained in Subsection 3.6.2. tainment, and for including necessary protective-,

measures.,

Structures, systems, components and equipment
i that are required to shut down the reactor and 3.6.1.1 Design Bases

mitigate the consequences of a postulated piping
failure, without offsite power, are defined as 3.6.1.1.1 Criteria

'

essential and are designed to Seismic Category I
*

requirements. Pipe break event protection conforms to 10CFR50
' Appendix A, General Design Criterion 4, Environ.

The dynamic effects that may result from a mental and Missile Design Bases. The design
postulated rupture of high energy piping include bases for this protection is in compliance with
missile generation;-pipe whipping; pipe break NRC Branch Technical Positions (BTP) ASB 3-1 and
reaction forces; jet impingement forces; compart. MEB 3-1 included in Subsections 0.6.1 and 3.6.2,-
ment, subcompartment and cavity pressurizations;- respectively, of NUREG-0800 (Standard Review

*

decompression waves within the ruptured pipes and Plan).
seven types of loads idcatified with loss of cool-
ant accident (LOCA) on Table 3.9-2.

O-
Amendment 21 3.61
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MEB 31 describes an acceptable basis for
selecting the design locations and orientations
of postulated breaks and cracks in fluid systems
piping. Standard Review Plan Sections 3.6.1 and
3.6.2 describe acceptable measures that could be
taken for protection against the breaks and
cracks and for restraint against pipe whip that
may result from breaks.

The design of the containment structure, com-
ponent arrangement, pipe runs, pipe whip re-
straints and compartmentalization are done in

O
.

O
Amendment 21 3.6-1.1
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consonance with the acknowledgment of protection in item (4) below. A SACF is malfunction or
against dynamic effects associated with a pipe loss of function of a component of electric-

(3 break event. Analytically sized and positioned al or fluid systems. The failure of an ac-
,
,

''j
pipe whip restraints are engineered to preclude tive component of a fluid system is consi.
damage based on the pipe break evaluation. dered to be a loss of component function as

a result of mechanical, hydraulic, or elec-
3.6.1.1.2 Objectives trical malfunction but not the loss of com-

ponent structural integrity. The direct
Protection against pipe break event dynamic consequences of a SACF are considered to be

effects is provided to fulfill the following ob. a part of the single active failure. The
jectives: single active component failure is assumed

to occur in addition to the postulated
(1) Assure that the reactor can be shut down piping failure and any direct consequences

safely and maintained in a safe cold 5%t- of the piping failure.
down condition and that the consequences of
the postulated piping failure are mitigated (4) Where the postulated piping failure is as-
to acceptable limits without offsite power. sumed to occur in one of two or more redun-

dant trains of a dual-purpose moderate en-
(2) Assure that containment integrity is main- crgy essential system (i.e., one required to

tained. operate during normal plant conditions as
well as to shut down the reactor and miti.

(3) Assure that the radiological doses of a pos- gate the consequences of the piping fail-
tulated piping failure remain below the ure), single active failure of components in
limits of 10CFR100, the other train or trains of that systeu

only are not assumed, prosided the system is
3.( 1.1.3 Assumptions designed to Seismic Category I standards, is

powered from both offsite and onsite sour-
p The following assumptions are used to deter- ces, and is constructed, operated, and in-
V mine the protection requirements, spected to quality assurance, testing and

inservice inspection standards a; proprish-
(1) Pipe break events may occur during normal for nuclear safety related syste.. .F

plant conditions (i.e., reactcr startup, sidual heat removal system is an example o
operation at power, normal hot standby * or such a system,
reactor cooldown to a cold shutdown condi-
tions but excluding test modes). (5) If a pipe break event involves a failure of

non Seismic Category I piping, the pipe
(2) A pipe break event may occur simultaneously break event must not result in failure of

with a scismic event, howeves, a seismic essential systems, components and equipmentg
e event does not initiate a pipe break event. to shut down the reactor and mitigate the
" This applies to Seismic Category I and non- consequences of the pipe break event consid-

Seismic Category I piping. cring a SACF in accordance with items (3)
and (4) above.

(3) A single active component failure (SACF) is
assumed in systems used to rnitigate conse. (6) If loss of offsite power is a direct conse-
quences of the postulated piping failure and quence of the pipe break event (e.g., trip
to shut down the reactor, except as noted of the turbine generator producing a power

Normal hot standby is a normally attained*

zero power plant operating state (as opposed
to a hot standby initiated by a plant upset
condition) where both feedwater and main
condenser are available and in use.g

i)
Arnendment 3 31>2
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surge which in turn trips the main breaker), 3.6.1.1.4 Approach
^T(V then a loss of offsite power occurs in a

mechanistic time sequence with a SACF. To comply with the objectives previously
Otherwise, offsite power is assumed available described, the essential systems, components,
with a SACF. and equipment are identified. The essential

systems, components, and equipment, or portions
(7) A whipping pipe is not capable of rupturing thereof, are identified in Table 3.61 for pip-

impacted pipes of equal or greater nominal ing failures postulated inside the containment
pipe diameter, but may develop throughwall and in Table 3.6 2 for outside the containment,
cracks in equal or larger nominal pipe sizes
with thinner wall thickness. 3.6.1.2 Description

(8) All available systems, including those ac- The lines identified as high energy per
tuated by operator actions, are available to Subsection 3.6.2.1.1 are listed in Table 3.6 3
mitigate the consequences of a postulated for inside the containment and in Table 3.6-4
piping failure. In judging the availability for outside the containment. Moderate energy
of systems, account is taken of the postu-

piping defined in Subsection 3.6.2.1.2 is listed |lated failure and its direct consequences in Table 3.6-5 for outside the containment.
such as unit trip and loss of offsite power, Pressure response analyses are performed for the
and of the assumed SACF and its direct con- subcompartments containing high energy piping.
sequences. The feasibility of carrying out A detailed discussion of the line breaks
operator actions are judged on the basis of selected, vent paths, room volumes, analytical
ample time and adequate access to equipment methods, pressure results, etc., is provided in
being available for ISc proposed actions. Section 6.2 for primary containment

subcompartments.
Although a pipe break event outside the
containment may require a cold shutdown, up to The effects of pipe whip, jet impingement,

(V_) eight hours in hot standby is allowed in order spraying, and flooding on required function of
for plant personnel to assess the situation essential systems, components, and equipment, or
and make repairs. portions thereof, inside and outside the

containment are considered.
(10) Pipe whip occurs in the plane defined by the

piping geometry and causes movement in the in particular, there are no high-energy lin s
direction of the jet reaction. If unre- near the control room. As such, there are no
strained, a whipping pipe with a constant effects upon the habitability of the control
energy source forms a plastic hinge and room by a piping failure in the control building
rotates about the nearest rigid restraint, or elsewhere either from pipe whip, jet impinge-
anchor, or wall penetration. If unre- ment, or transport of steam. Further discussion
strained, a whipping pipe without a constant on control room habitability systems is provided
energy source (i.e., a break at a closed in Section 6.4.
valve with only one side subject to
pressure) is not capable of forming a 3.6,1.3 Safety Evaluation
plastic hinge and rotating provided its
movement can be defined and evaluated. 3.6.1.3.1 General

(11) The fluid internal energy associated with An analysis of pipe break events is performed
the pipe break reaction can take into to identify those essential systems, components,
account any line restrictions (e.g., flow and equipment that provide protective actions
limiter) between the pressure source and required to mitigate, to acceptable limits, the
break location and absence of energy consequences of the pipe break event.
reservoirs, as applicable.

Pipe break events involving high-energy fluid

/3
|
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systems are evaluated for the effects of pipe _ therefore, is the ba' sic' protective' measure
whip, jet impingement, flooding, roo_m pressuri- incorporated in the design to protect against h.
zation, and other environmental effects such as - the dynamic effects of postulated pipe failures.

'~ temperature. Pipe break events involving
Due to .he complexities of several divisions| moderate-energy fluid systems are culuated for _

wetting from spray, flooding, and other environ. being adjacent to high energy lines in the dry--

mental effects, well and reactor building steam tunnel, speci.
_

,

fic break locations are determined in accordance - i

By means of-the design features such as .with Subsection 3.6.2.1.4.3 for possible spatial _.
'

i separation, barriers, and pipe whip restraints, a separation.' . Care is taken to avoid concentra-
discussion of which follows, adequate protection' ting essential c'quipment in the break exclusion
is provided against the effects of pipe break ' zone allowed per Subsection 3.6.2.1.4.2. If;

{ events for essential items to an extent that spatial separation requirements (distance and/or
their ability to shut down the plant safely or arrangement to prevent damage) cannot be met'

_

: mitigate the consequences of the postulated pipe based on the postulation of specific breaks,
_

failure would not be impaired. ' barriers, enclosures, shields, or restraints are;
; provided. These methods of protection are dis-
|- 3.6.1.3.2 Protection Methods eussed on Subsections 3.6.1.3.2.3 a n d

3.6.1.3.2.4.
3.6.1.3.2.1 General

-For' other areas where physical separation is*

The direct effects associated with a particu. not practical, the following high energy line-,.

i lar postulated break or crack must be mechanis- separation analysis' (HELSA) evaluation is done
tically consistent with the failure. Thus, actu. .to determine which higha energy lines meet the
al pipe dimensions, piping layouts, material pro- spatial separation requirement and which lines-
perties, and equipment arrangements are consider- require further protection:<

ed in defining the following specific measure for
_ g-;

protection against actual pipe movement and other (1) For the HELSA evaluation, no particular
j associated consequences of postulated failures. . break points are identified. ' Cubicles or

areas through which the high.' energy lines
I (1) Protection against the dynamic effects of pass are examined in ' total. : Breaks _are pos-
| pipe failures is provided in the form of - tulated at any point in the piping system.
g pipe whip restraints, equipment shields, and
i physical separation of piping, equipment,
| and instrumentation.

~

(2) Essential systems, components, and equipment-
at a' distance greater than_ thirty feet from -
any high energy _ piping are considered as

(2) The precise method chosen depends largely . meeting spatial separation requirements. L No,

upon limitations placed on the designer such ~ damage is assumed to occur due to jet im.
as accessibility, maintenance, and proximity __pingement since the impingement force be-
to other pipes, comes negligible beyond 30 feet. Likewise,

a 30 ft evaluation zone is established for-

3.6.13.2.2 Separation . - pipe breaks to assure protection against ~
'

potential damage from a. whipping pipe.L As -
The plant arrangement provides physical 'surance that 30.fect represents the maximum

separation to the extent practicable to maintain - free length is made in the piping layout.-
the independence of redundant essential systems'

. (including their auxiliaries) in order to prevent . (3) Essential systems, components, and equipment
the loss of safety function due to any single at a distance less than 30 reet from any

' postulated event.' Redundant trains (e.g., A and high energy piping are evaluated to see if;-

_

B trains) and divisions are lo'cated in separate ' damage could occur _ to 'more than 'one-
compartments to the extent possible. Physical essential division,~ preventing safe shutdown -
separation _between redundant essential systems of the plant. If damage occurred to only'
with their related auxiliary supporting features, one division of a redundant system, the h

~

,
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which are required to function following a
(3 pipe rupture, are protected.
LJ

(4) liigh energy fluid system pipe whip
restraints and protective measures are
designed so that a postulated break in one
pipe could not, in turn, lead to a rupture
of other nearby pipes or components if the
secondary rupture could result in
consequences that would be considered
unacceptable for the initial postulated
break.

(5) For any postulated pipe rupture, the
structural integrity of the containment

' structure is maintained, in addition, for
those postulated ruptures classified as a
loss of reactor coolant, the design leak
tightness of the containment fission product
barrier is maintained.

(6) Safety / relief valves (SRV) and the reactor
core isolation cooling (RCIC) system steam-
line are located and restrained so that a
pipe failure would not prevent depressuri-
zation.

O

-
N.

1
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not result in whipping of the cracked pipe, are generally not identified with particular
liigh-energy fluid systems are also postulated to break points. Breaks are postulated at all-

' have cracks for conservative environmental possible points in such high energy piping
conditions in a confined area where high and systems. However,in son 4c systems break points
moderate-energy fluid systems are located. are particularly specified per the following

subsections if special protection devices such
The following high-energy piping systems (or as barriers or restraints are provided.

portions of systems) are considered as potential
candidates for a postulated pipe break during 3.6.2.1.4.2 Piping in Containment Penetration
normal plant conditions and are analyzed fer Areas
potential damage resulting from dynamic effects:

No pipe breaks or cracks are postulated in
(1) All piping which is part of the reactor those portions of piping from containment wall

coolant pressure boundary and subject to to and including the inboard or outboard
reactor pressure continuously during station isolation valves which meet the following
operation; requirement in addition to the requirement of

'

the ASME Code, Section III, Subarticle NE-1120:
(2) All piping which is beyond the second

isolation valve but subject to reactor (1) The following design stress and fatigue
pressure continuously during station limits are not exceeded:
operation; and

For ASME Code. Section III. Class 1 Pining
(3) All other piping systems or portions of

piping systems considered high cnergy (a) The maximum stress range between any two
systems, loads sets (including the zero load set)

does not exceed 2.4 S , and is
Portions of piping systems that are isolated calculated' by Eq. (10) in NB-f>53, ASMEg) from the source of the high energy fluid during Code, Section III.i"

normal plant conditions are exempted from
consideration of postulated pipe breaks. This If the calculated maximum stress range
includes portions of piping systems beyond a of Eq. (10) exceeds 2.4 S , the stress
normally closed valve. Pump and valve bodies are ranges calculated by bothi!q. (12) and
also exempted from consideration of pipe break Eq. (13) in Paragraph NB-3653 meet the
because of their greater wall thickness, limit of 2.4 S,.

3.6.2.1.4 Locations of Postulated Pipe Breaks (b) The cumulative usage factor is less than
0.1

Postulated pipe break locations are selected
as follows: (c) The maximum stress, as calculated by Eq.

(9) in NB 3652. under the loadings
3.6.2.1.4.1 Piping Meeting Separation resulting from a postulated piping
Requirements failure beyond these portions of piping

does not exceed the lesser of 2.25 S
Based on the HELSA evaluation described in and 1.8 S execpt that following$

Subsection 3.6.1.3.2.2, the high-energy lines failure outlide containment, the pipe
.

which meet the spatial separation requirements between the outboard isolation valve and

For those loads and conditions in which*

Level A and Level B stress limits have been
specified in the Design Specification.

/ N

IV)
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the first restraint may be permitted -analyses, or tests, are performed to ,

, higher stresses provided a plastic hinge - demonstrate compliance with the limits of - &!
'is not_ formed and operability _ of the ' item (1). W

,

valves with such stresses is assured in . .

.

accordance with' the requirement _ (3) The number of circumferential and longi-

|
specified in Section 3.9.3. Primary - tudinal piping _ welds and branch conne:ctions
inads include those which are deflection are minimized. Where penetration sleeves

_

'

limited by whip restraints, are used, the enclosed portion of fluid
system piping is seamless construction and 3

For ASME Code. Section Ill. Class 2 Pinine without circumferential welds-unless '

. ___

specific access provisions are made to, -

(d) The maximum stress as calculated by the permit inservice volumetric examination of
'

sum of Eqs. (9) and (10) in Paragraph . longitudinal and circumferential welds.
NC-3652, ASME Code, Section 111, .
considering those loads and conditions (4) The length of these portions of piping are
thereof for which level A and level B reduced to the minimum length practical.-
stress limits are specified in the

-system's Design-Specification (i.e., -(5) The: design of pipe anchors or restraints-
sustained loads, occasional loads, and - -(e.g., connections to containment
thermal expansion) including an OBE penetrations and pipe whip restraints);do
event does-not exceed 0.8(1.8 S + .not require welding directly to the outer

and S are allowa le: surface of the piping '(e.g., flued.integ-SA). The Sh i
stresses at maximum (h'ot) temperature rally forged pipe fittings may be used)-

and allowable stress range for thermal except where such welds are 100 percent
expansion, respectively, as defined in volumetrically examinable in service and a.
Article NC-3600 of the ASME Code, detailed stress analysis is performed to
Section 111. demonstrate compliance with the limits of

= item (1). g
(c) The maximum stress, as calculated by Eq.

_

(9) in NC 3653 under the loadings (6) Sleeves provided for-those portions of-
resulting from a postulated piping piping inLthe containment penetration areas
failure of fluid system piping beyond are constructed in accordance with the rules
these portions of piping does not exceed of Class MC, Subsection NE of the ASME Code,
the lesser of 2.25 S and 1.8 S . Section III, where the sleeve is part of.the

h Y containment. boundary, in addition, the-
Primary loads include those which are entire sleeve assembly is designed to meet '

deflection limited by-whip restraints. The the following requirements' and tests:
exceptions permitted in (c) above may also --
be applied provided that when the _ piping (a) The design pressure ~and temperature are

_

between the outboard isolation valve and the. not less than the maximum' operating
restraint is constructed in accordance with - pressure and temperature of the
the Power Piping Code ANSI H31.1, the piping - enclosed pipe under normal plant ,

is either of seamless construction with full conditions,

radiography of all circumferential welds, or-
all longitudinal and circumferential welds. - (b) = The Level C stress _ limits in NE 3220, .
are fully radiographed. ASME Code, Section-Ill, are not -

exceeded under the. loadings associated
(2) . Welded attachments, for pipe supports or with-containment design pressure and

other purposes, to these portio _ns of piping temperature in combination with the1
,

L are avoided except where detailed stress: safe shutdown-earthquake; a

h,
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(c) The assemblies are subjected to a single As a result of piping re-analysis due to
' pressure test at a pressure not less differences between the design configuration>

than its design pressure. L and the as built configuration, the highest
stress or cumulative usage factor locations-

(d) The assemblies do not prevent the access may be shifted; however, the initially
required to conduct the inservice determined intermediate break locations need
examination specified'in item (7). not be changed unless one of the following

conditions exists:
(7) A 100% volumetric inservice examination of

all pipe welds would be conducted during (i) _ The dynamic effects from the new '

each inspection interval as defined in (as-built) intermediate break locations
IWA.2400, ASME Code, Section XI. are not mitigated by the original pipe

whip restraints and jet shields.
|3.6.2.1.4.3 ASME Code Section Ill Class 1

Piping In Anas Other'Ihan Containment (ii) A change is required in pipe parameters
Penetration such as major differences in pipe size,

wall thickness, and routing.
With the exception of those portions of piping

identified in Subsection 3.6.2.1.4.2, breaks in 3.6.2.1A.4 ASMC Code Section Ill Class 2 and
ASME Code, Section Ill, Class 1 piping are _3 Piping in Areas Other Than Containment
postulated at the following locations in each - Penetration -
piping and branch run:

With the exceptions of those portions of .

(a) At terminalends' piping identifir.a in Subsection 3.6.2.1.4.2, *

breaks in ASME Codes, Section III, Class 2 and 3
(b) At intermediate locations where the . piping are postulated at the following locations :a

maximum stress range (see Subsection in those portions of each piping and branch run:
3.6.2.1.4.2, Paragraph (1)(a)) as

- calculated by Eq. (10) in NB-3653, ASME (a) At terminal ends (see Subsection
Code, Section 111. 3.6.2.1.4.3, Paragraph (a))

If the calculated maximum stress range (b) At intermediate locations selected by one of
of Eq.(10) exceeds the stress range the following criteria:
calculated by both Eq.(12) and Eq.(13)
in Paragraph NB 3653 should meet the (i) At each pipe fitting (e.g.,' cibow, tee,
limit of 2.4 Sm. cross, flange, and nonstandard

fitting), welded attachment, and '
(c) At intermediate locations where the valve. Where the piping contains no;

cumulative usage factor exceeds 0,1. - fittings, weided attachments, or
valves, at one location at each extreme

* Extremities of piping runs that connect to of the piping run ad}acent to the
structures, components (e.g., vessels, pumps, protective structure.
valves), or pipe anchors that act as rigid
constraints to piping motion and thermal (ii) At each location where stresses calcu-
expansion. A branch connection to a ' main - lated (see Subsection 3.6.2.1.4.2,
piping run is a terminal end of the branch Paragraph (1)(d)) by the sum of Eqs.
run, except where the branch run is classified (9) and {10) in NC/ND-3653, ASME Code,
as part of a main run in the stress analysis -Section III, exceed 0.8 times the sum
and is shown to have a significant effect on - of the stress limits given in NC/ND.
the main run behavior. In piping runs which 3653,
are maintained pressurized during normal plant
conditions for only a portion of the run ~ As a result of piping re-analysis due

.

(i.e., up to the first normally closed valve) to differences between the design
y - a terminal end of such runs is the piping configuration' and the as built

connection to this closed valve configuration, the highest stress

Amendment 2i 3.6-9
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locations may be shifted; however, the !
initially determined intermediate break g

9

|
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locations may be used unless a redesign identified in Subsection 3.6.2.1.4.2, leakage

() of the piping resulting in a change in cracks are postulated for the most severe
'- the pipe parameters (diameter, wall environmental effects as fuilows:

thickness, routing) is required, or the
dynamic effects from the new (as-built) (1) For ASME Code, Section Ill Class 1 piping,
intermediate break location are not at axial locations where the calculated
mitigated by the original pipe whip stress range (see Subsection 3.6.2.1.4.2,
restraints and jet shields. Paragraph (1)(a)) by Eq. (10) and either Eq.

(12) or Eq. (13) in NB-3653 exceeds 1.2
3.6.2.1.4.5 Non-ASME Class Piping S m-

Breaks in seismically analyzed non-ASME Class (2) For ASME Code, Section 111 Class 2 and 3 or
(not ASME Class 1,2 or 3) piping are postulated non ASME class piping, at axial locations-
according to the same requirements for ASME Class where the calculated stress (see Subsection
2 and 3 piping above. Separation and interaction 3.6.2.1.4.4, Paragraph (b)(ii)) by the sum
requirements between Seismically analyzed and of Eqs (9) and (10) in NC/ND 3653 exceeds
non seismically analyzed piping are met as 0.4 times the sum of the stress limits given
described in Subsection 3.7.3.13. in NC/ND-3653.

3.6.2.1.4.6 Separating Structure With Illgh. (3) Non ASME class piping which has not been
Energy Lines evaluated to obtain stress information have

leakage cracks postulated at axial locations
If a structure separates a high energy line that produce the most severe environmental

from an essential component, the separating effects.
structure is designed to withstand the consequen-
ces of the pipe break in the high energy line at 3.6.2.1.53 Moderute-Energy Piping

a locations that the aforementioned criteria
'V require to be postulated. However, as noted in 3.6.2.133.1 Piping in Containment Penetration

Subsection 3.6.1.3.2.3, some structures that are Areas
identified as necessary by the HELSA evaluation
(i.e., based on no specific break locations), are Leakage cracks are not postulated in those
designed for worst case loads. portions of piping from containment wall to and

including the inboard or outboard isolation
3.6.2.1.5 Locations of Postulated Pipe Cracks valves provided they meet the requirements of

the ASME Code, Section 111, NE-1120, and the
Postulated pipe crack locations are selected stresses calculated (See Subsection 3.6.2.1.4.4,

as follows: Paragraph (b)(ii)) by the sum of Eqs. (9) and
(10) in ASME Code, Section III, NC-3653 do not

3.6.2.1.5.1 Piping Meeting Separation exceed 0.4 times the sum of the stress limits
Requirements given in NC-3653.

Based on the HELSA evaluation described in 3.6.2.1.53.2 Piping in Areas Other Than
Subsection 3.6.1.3.2.2, the high- or moderate- Containment Penetration
energy lines which meet the separation require-
ments are not identified with particular crack (1) Leakage cracks are postulated in piping
locations. Cracks are postulated at all possible located adjacent to essential structures,
points that are necessary to demonstrate adequacy systems or components, except:
of separation or t.ther means of protections pro-
vided for essential structures, systems and (a) Where exempted by Subsections
components. 3.6,2.1.5.3.1 a n d 3.6.2.1.5.4,

3.6.2.1.5.2 liigh Energy Piping (b) For ASME Code, Section III, Class 1 pip-
() ing the stress range calculated (see
'/ With the exception of those portions of piping Subsection 3.6.2.1.4.2, Paragraph (1)-

Amendment 1 3.6 10
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3.6.2.2 Analytic Methods to Define Blowdown . turbine. A pipe break'causes the steam flow to

O. Forcing Functions and iitesponse Models.' reverse its direction'and to flow from the
._ . ! turbine to the break location. The pipe segment

' 3.6.2.2.1 Analytic Methods to Define Blowdon force time histories are determined by
Forcing Functions, calculating the momentum change ~in the pipe

segments of a closed system.; The broken pipe
_

The rupture of a pressurized pipe causes the segment force time history is calculated in
flow characteristics of the_ system to change accordance with Appendix B of ANSI /ANS 58.2.
creating reaction forces which can dynamically
excite the piping system. The reaction forces
are a function of time and space and depend upon
fluid state within the pipe prior to rupture,
break flow area, frictional losses, plant system
characteristics, piping system, and other
factors. The methods used to calculate the
reaction forces for various piping systems are
presented in the following subsections.

The criteria that are used for calculation of =i

fluid blowdown forcing functions include:

(1) Circumferential breaks are 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 pipingO- stiffness as may be demonstrated by
inelastic limit analysis (e.g., a plastic
hinge in the piping is not developed under
loading).

(2) The dynamic force of the jet disc 14arge at
the break location is based on the
cross-sectional flow area of the pipe and on
a calculated fluid pressure as modified by
-analytically- or experimentally determined -
thrust coefficient. Line restrictions, flow
limiters, positive pump-controlled flow, and -
the absence of energy reservoirs are taken
into accounts, as applicable, in the
reduction of jet discharge.

(3) All breaks are assumed to attain full size .
within- one millisecond af ter break
initiation.

-The forcing functions due to the postulated
pipe breaks near the reactor at a branch
connection are ' calculated by the solution of:
one-dimensional, compressible unsteady steam flow

'

in'the gas system. The numerical analysis is -
-

performed by the method of characteristics. The
flow starts with steady flow from the RPV to the

Amendment 21 3.6-13
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(5) Piping within the broken loop is no longer
gconsidered part of the RCPB. Plastic

deformation in the pipe is considered as a
potential energy absorber. Limits of strain
are imposed which are similar to strain
levels allowed in restraint plastic,

3 members. Piping systems are designed so
" that plastic instability does not occur in

the pipe at the design dynamic and static -
loads unleu damage studies are performed
which show the consequences do not result in
direct damage to any essential system or
component.

(6) Components such as vessel safe ends and val-
3.6.2.2.2 Pipe Whip Dpamic Response ves which are attached to the broken piping
Analyses system, do not serve a safety relaud func-

tion, or failure of which would not further
The prediction of time-dependent and steady- escalate the consequences of the accident

thrust reaction loads caused by blowdown of sub- are not designed to meet ASME Code-imposed
cooled, saturated, and two-phase fluid from rup- limits for essential components under fault-
tured pipe is used in design and evaluation of ed loading. However, if these components
dynamic effects of pipe breaks. A discussion of are required for safe shutdown or serve to |
the analytical methods employed to compute these protect the struct.iral integrity of an es-
blowdown loads is given in Subsection 3.6.2.2.1. sential ;omponent, limits to meet the Code
Following is a discussion of analytical methods requirements for faulted conditions and li-
used to account for this loading. mits to ensure required operability will be

hmet.
The criteria used for performing the pipe whip

dynamic response analyses include: (7) The piping stresses in the containment
penetration areas une to loads resulting

(1) A pipe whip analysis is performed for each from a postulated piping failure can not
postulated pipe break. However, a given exceed the limits specified in Subsection
analysis can be used for more than one post- 3.6.2.1.4.2(1)(c).
ulated break location if the blowdown forc-
ing function, piping and restraint system An analysis for pipewhip restraint selection
geometry, and piping and restraint system PDA computer program; and a pipe break modeling
properties are conservative for other break program ANSYS are performed as described in
locations. Appendix 3D, which predicts the response of a

pipe subjected to the thrust force occurring
(2) The analysis includes the dynamic response after a pipe break. The program treats the

of the pipe in question and the pipe whip situation in terms of generic pipe break con-
restraints which transmit loading to the figuration which involves a straight, uniform
support structures. pipe fixed at one end and subjected to a time-

-dependent thrust force at the other end. A
(3) The analytical model adequately represents typical restraint used to reduce the resulting

the mass / inertia and stiffness properties of deformation is also included at a location
the system. between the two ends. Nonlinear and

time-independent stress-strain relationships are
(4) Pipe whipping is assumed to occur in the used to model the pipe and the restraint. Using

plane defined by the piping geometry and a plastic-hinge concept, bending of the pipe is
configuration and to cause pipe movement in assumed to occur on1y at
the direction of the jet reaction.

O
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the fixed end and at the location supported by_
the restraint.

Effects of pipe shear deflection are consider -
ed negligible. The pipe bending moment-deflec-
tion (or rotation) relation used for these loca.
tions is obtained from a static nonlineat 3.6.2,3 D;3amic Analysis Methods to Verify
cantilever beam analysis. Using the moment to-- Intesdty and Operability
tation relation, nonlinear equations of motion of
the pipe are formulated using energy considera-

_

,

tions and the equations are numerically integrat- 3.6.2.3.1 Jet Impingement Analyses and
ed in small time steps to yield time history of Effects on Safety Related Components
the pipe motion.

The methods used to evaluate the jet effects
The piping stresses in the containment resulting from the postulated breaks of high.-

penetration areas are calculated by the ANSYS energy piping are described in Appendices C and
computer program, a program as described in - D of ANSI /ANS 58.2 and presented in this
Appendix 3D The program is used toperform the- subsection.
non linear analysis of a piping system for time
varying displacements and forces due to The criteria used for evaluating the efit is :

- postulated pipe breaks. of fluid jets on essential _ structures, sy-tems, .
_ and components are _as follows:

(1) Pssential structures, systems, and compo-
nents are not impaired so as to preclude es-
sential functions. For- any gi_ven postulat-
ed pipe break and consequent jet, those es-
sential structures, systems, and components
need to safely shut.down the plant are
identified. -

(2) Essential structures, systems, and compo-
nents which ' arc not necessary to safely shut
down the plant for a given break are not
protected from the consequences of the fluid _ |
jet.

-(3) Safe shutdown of the plant due to postulated
pipe ruptures _ within the RCPB is not
aggravated:by sequential failures of
safety-related piping and the required
emergency cooling system performance is

. maintained.

(4) Offsite dose limits specified in 10CFR100
are complied with.

(5) Postulated breaks resulting ;in jet
impingement loads are assumed to occur in

' high energy ~ lines at . full (102%) power -|
operation of'the. plant._

_

(6) Throughwallleakage cracks are postulated in

O mederate enerer iines and are ss med te
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,

result in wetting and spraying of essential (7) The distance of jet travel is divided into
structures, systems, and components. two or three regions. Region 1 (Figure g

3.6-3) extends from the break to the W e

(7) Reflected jets are considered only when asymptotic area. Within this region the
there is an obvious reflecting surface (such discharging fluid flashes and undergoes
as a flat plate) which directs the jet onto expansion from the break area pressure to
an essential equipment. Only the first the atmospheric pressure. In Region 2 the
reflection is considered in evaluating jet expands further. For partial-separa-
potential targets. tion circumferential breaks, the area

increases as the jet expands. In Region 3
(8) Potential targets in the jet path are con- jet expands at a half angle of 10 .

sidered at the calculated final position of (Figures 3.6 3a and c.)
the broken end of the ruptured pipe. This
selection of potential targets is considered (8) The analytical model for estimating the
adequate due to the large number of breaks asymptotic jet area for subcooled water and
analyzed and the protection provided from saturated water assumes a constant jet
the effects of these postulated breaks. area. For fluids discharging from a break

which are below the saturation temperature
The analytical methods used to determine which at the corresponding room pressure or have

targets will be impinged upon by a fluid jet and a pressure at the break area equal to the
the corresponding jet impingement load incitde: room pressure, the free expansion does not

occur.
(1) The direction of the fluid jet is based on

the arrested po:ition of the pipe during (9) The distance downstream from the break
steady-state blowdown, where the asymptotic area is reached

(Region 2) is calculted for circum-
(2) The impinging jet proceeds along a straight ferential and longitudinal breaks.

path. g
(3) The total impingement force acting on any

cross sectional area of the jet is time and
distance invariant with a totel magnitude
equivalent to the steady state fluid .

blowdown force given in Subsection 3.6.2.2.1
and with jet characteristics shown in Figure (10) Both longitudinal and fully separated
3.6-3. circumferential breaks are treated

similarly. The value of fL/D used in the
(4) The jet impingement force is uniformly blowdown calculation is used for jet

distributed across the cross sectional area impingement also.
of the jet and only the portion intercepted
by the target is considered. (11) Circumferential breaks with partial (i.e.,

h<D/2) separation between the two ends of
(5) The break opening is assumed to be a circu- the broken pipe not significantly offset

lar orifice of cross-sectional flow area (i.e., no more than onc pipe wall thickness
equal to the effective flow area of the lateral displacement) are more difficult to
break.

(6) The jet impingement force is equal to the
steady-state value of the fluid blowdown
force calculated by the methods descril ed in
Subsection 3.6.2.2.1.

O
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_

r llowingquantify. For these cases, the o
( ,) assumptions are made.
,

v;

(a) The jet is uniformly distributed stound
the pr-3phery.

(b) The jet cross section at any cut through (12) Target loads are determined using the
the pipe axis has the configuration following procedures.
depicted in Figure 3.6-3b and the jet
rcgions are as therein dclineated. (a) For both the fully separated

circumferential break and the

(c) The jet force F. = total blowdown F. longitudinal break, the jet is studied
3 by determining target locations vs. >

(d) The pressure at any point intersected by asymptomatic distance and applying
the jet is: ANSI /ANS 58.2, Appendices C and D.

F
P. = _ ,_j

AR

where

tal 36f area of the jet at aA = eR radius equal to the distance from the
pipe renf erline to the target.

7q (c) The pressure of the jet is then

i"j multiplied by the area of the target
submerged within the jet.

(b) For circumferential break limited
separation, the jet is analyzed by
using different equations of ANSI /ANS
58.2, Appendices C and D and determing
respective target and asymptomatic
locations

(~g
LJ
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c) After determination of the total area cf the D = pipe OD of target pipe for_ a fully
jet at the target, the jet pressure is submerged pipe.
calculated by:

When the target (pipe) is larger than the area
F of the jet, the effective target area equals the
_) _, expanded jet areaP =

3 A*
A,,= A

where
(3) For- all cases, the jet area (A ).is as.

P= incident pressure sumed to be uniform and the* load is -
3

uniformly distributed on the impinged target ,
A, = area of the expanded jet at the area Ag.

target intersection.
.

expanded jet area (A e 5, A ) *) is less thanIf the effective target area (A', the target is'
g

fully submerged in the jet and*the impingement * ~

,

load is equal to (P ) ( A lf the
effective target area is' greater lSa)n expanded

,

3

,

jet area (Ate > A , the target interceptsthe entire jet and thE) impingement load is equal__

. ~

3.6.2.3.2. P!pe Wnip ENects on Essential
t o (P ) ( A ) ~ = F.. The effective target Components
areafA )ior var %ous geometries follows:

This subsection provides the criteria and
(1) Flat surface - P- a caac where a target methods used to evaluate the effects of pipe

with physical ars A is oriented at angle displacements on essential structures, systems,
d with respect to the, jet axis and with no and c,mponents following a postulated pipe
flow reversal, the effective target area rup, ye. '

*
Pipe whip (displacement) effects on essential

structures, systems, and components can be
A,, (A ) (sin 4 placed in two categories: (1)' pipe displacement=

g

effects on components (nozzles, valves, tees,
etc.)_which are in~the same piping m that the

(2) Pipe Surface As the jet hits the convex break occurs in; and (2) pipe whip or controlled
surface of the pipe, its forward momentum is - displacements onto external components such as :
decreased rather than stopped; therefore, building structure, other; piping systems, cable,
the jet impingement load on the impacted - trays, and conduits,'etc.-
area is expected _to be reduced. For:

* conservatism, no credit is taken for this 3.6.2.3.2.1 Pipe Displacement ERecis on .
reduction and the pipe is assumed to be - Components in the Same Piping Run
impacted with the full impingement load.
However, where shape f actors are - The criteria for determining the effects of f 4

justifiable, they may be used. The' pipe displacements on inline coa.ponents are as
effective target. area A ,-is: follows:'

g

=_(D )(D) (1)' Components'such as > essel safe ends andA gg
valves which are ' attached to the broken

where ' piping system and do not serve a safety
'

-

function or failure 'of which would not
D = diameter of the jet at the ' further escalate the consequences of the:A target interface, and accident need not be designed to meet ASME -

O.;
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Code Section Ill-imposed limits for essential failure in a piping system carrying high-energy
G(V components ucdcr faulted loading. fluid. In the ABWR plant, the piping integrity

does not depend on the pipe whip restraints for
(2) If thesc components are required for safe any piping design loading combination including

shutdown or serve to protect the structural carthquake but shall remain functional following
integrity of an essential component, limits an earthquake up to and including the SSE (See
to meet the ASME Code requirements for Subsection 3.2,1). When the piping insegrity is
faulted conditions and limits to ensure lost because of a postulated break, the pipe
required operability are met, whip restraint acts to limit the movement of the

broken pipe to an acceptable distance. The pipe
The methods used to calculate the pipe whip w% :ethaims (i.c., thse devices which serve

loads on piping components in the same run as the only to control the m .ement of a ruptured pipe
postulated break are described in Section following gross failur e) will be subjected to
3.6.2.2.2. Once in a lifetime loading. For the purpose of

the pipe whip restraint design, the pipe break
3.6.23.2.2 Pipe Displacernent EITetts oc is considered to be a faulted condition (See
Essential Structures, Other Systeine. and Subsection 3.9.3.1.1.4) and the stiucture to
Components which the restraint is attached is also analy7.ed

and designed accordingly. The pipe whip
The criteria and methods used to calculate the restraints are non ASME Code components; ,

effects of pipe whip on external components however, the AShtE Code requirements may be used
consists of the following: in the design selectivelv *.o assure its

safety-related function if ever needed. Other
(1) The effects on essential structures and bar- methods, i.e. testing, with reliable data base

riers are evaluated in accordance with the for dedgn and sizing of pipe whip restraints
barr:er design procedures given in Subsec- can also be used.
tion 3.5.3

( ,) The pipe whip restraints utilize energy ab.
* (2) IfIbe whipping pipe impacts a pipe of equal sorbing U-rods to attenuate the kinetic energy

or greater nominal pipe diameter and equal of a ruptured pipe. A typical pipe whip re-
or greater wall thickness, the whipping pipe straint is shown in Figure 3.6-6. The principal
does not rupture the impacted pipe. Other- feature of these restraints is that they are in-
wise, the impacted pipe is assumed to be stalled with several inches of annular clearance
ruptured. between them and the process pipe. This allowsi

for installation of normal piping insulation and
(3) If the whipping pipe impacts other compo. for unrestricted pipe thermal movements during

nents (valve actuators, cable trays, con- plant operation. Select critical locations in-
duits, etc.), it is assumed that the im- side primary containment are also monitcred
pacted component is unavailable to mitigate during hot functional testing to provide verifi-
the consequences of the pipe break event. cation of adequate clearances prior to plant

operation. The specific design objectives for
(4) Damage of unrestrained whipping pipe on es- the restraints are:

sential structures, components, and systems
, other than the ruptured one is prevented by (1) The restraints shall in no way increase the
! either separating high energy systems from reactor coolant pressure boundary stresses

the essential systems or providing pipe whip by their presence during any normal mode of
restraints. reactor operation or condition;

3.6.2.33 Loading Combinations and Design (2) The restraint system shall function to stop
Criteria for Pipt Whip Restraint the movement of a pipe failure (gross loss

of piping integrity) without allowing damage
Pipe whip restraints, as differentiated from to critical components or missile develop-

piping supports, are designed to function and ment; andp) carry load for an extremely low-probability gross(
|
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(3) The restraints should provide minimum
hindrance to inservice inspection of the gprocess piping.

For the purpose of design, the pipe whip
restraints are designed for the following dynamic
loads:

(1) Blowdown thrust of the pipe section that
impacts the restraint;

(2) Dynamic inertia loads of the moving pipe
section which is accelerated by tae blowdown '

thrust and subsequent impact on the
restraint;

(3) Design characteristics of the pipe whip
restraints are included and verified by the
pipe whip dynamic analysis described in
Subsection 3.6.2.2.2; and

(4) Since the pipe whip restraints are not
contacted during normal plant operation, the
postulated pipe rupture event is the only
design loading condition.

O

e

9
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3.6.2.4 Guard Pipe Assembly Design

The ABWR primary containment does not require
guard pipes.

'

3.6.2.5 Material to be Supplied for the
Operating License Review

See Subsection 3.6.4.1

3.6.3 Leak Befoie Break
Evaluation Procedures

Per Regulatory Guide 1.70, Revision 3,
November 1978, the safety analysis Section'3.6

Strain rate effects and other material has traditionally addressed the protection
property variations have been considered in the measures against dynamic effects associated with
design of the pipe whip restraints. The material the non mechanistic or postulated ruptures.of
properties utilized in the design have included piping. The dynamic effects are defined in hone or more of the following methods: initoduction to Section 3.6f Three forms of

piping failure (full flow area circumferential
(1) Code minimum or specification yield and and longitudinal breaks, and thioughwall leakage

ultimate strength values for the affected crack) are postulated in accordance with
components and structures are used for both Subsection 3.6.2 and Branch Technical Position
the dynamic and steady-state events; MEB 31 of NUREG 0800(Standard Review Plan)t

_

- for their dynamic as well as environmental
(2) Not more than a 10% increase in minimum code effects.

or specification strength values is used
when designing components or structures for However, in accordance with the modified
the dynamic event, and code minimum or General Electric Criterion 4 (GDC-4), effective -

~

specification yield and ultimate strength: November-27,1987, (Reference 1), the -
values are used for the steady-state loads: mechanistic leak-before-break'(LBB) approach,

justified by appropriate fracture mechanics
(3) Representative or actual test data values _ techniques, is recognized as an acceptable

_

are used in the design of compenents and-- procedure under certain conditions to exclude
structures including justifiably elevated design against the _ dynamic effects from

- strain rate affected stress limits in excess postulation of breaks in high energy piping.
of 10%; or The LBB approach is not used to exclude

postulation of cracks and associated effects as
(4) Representative or actual test data are used required in Subsection.3.6.2.1.5 and 3.6.2.1

for any affected component (s) and the. .6.2. It'is anticipated, as mentioned in
minimum code or specification values are .-Subsection 3.6.4.2, that a COL applicant'will
used for the structures for the dynamic and apply to the NRC for approval of LBB quali-

. ;

th'e steady state events ' fication of selected piping. These approved
pipin~g, referred to in this SSAR as the L~BB- h

- Amendment 2t 3.6 22
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qualified piping, will be excluded from pipe4

! breaks, which are required to be postulated by
I- - Subsections 3.6.1 and 3.6.2,' for design against ;
- their potential dynamic effects. ,

;
- 'I

The following subsections describe (1) certain
,

i design basca where the LBB approach is not
j _ recognized by the NRC as applicable for exclusion

,
of pipe breaks, and (2) certain conditions which
lin.it the LBB- applicability.- - Appendix 3E4

provides guidelines for LBB applications -
' describing in detail the following necessary;

; elements of an LBB report to be st+ aitted by a
e COL applicant for_ NRC approval:. fracture
| mechanics methods, leak rate prediction methods,
I. leak detection capabilities and typical special -
! considerations for LBB applicability. Also
; included in ' Appendix 3E is a list of candidate

piping syt.tems for LBB ~ qualification. The LBB
application approach described in this subsection

; and Appendix 3E is-consistent' with that
; documented in Draft SRP 3.6.3 (Reference 4) and
; NUREG-1061 (Reference 5).
l.

The LBB approach is not used to exclude
i- postulation of cracks and associated effects in
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(1) A summary of the dynamic analyses
(~'T applicable to high-energy piping systems
V in accordance with Subsection 3.6.2.5 of

Regulatory Guide 1.70. This shall
include:

(a) Sketches of applicable piping
systems showing the location, size
and orientation of postulated pipe
breaks and the location of pipe whip
restraints and jet impingement
barriers.

(b) A summary of the data developed to
select postulated break locations
including calculated stress
intensities, cumulative usage
f actors and stress ranges as
delineated in BTP MEB 31.

(2' For failure in the moderate energy |
-

piping systems listed in Table 3.6-5,
_

descriptions showing how safety-related g
systems are protected from the resulting

~

jets, flooding and other adverse
environmental effects,

p
(-) (3) Identification of protective measures

provided against the effects of q
postulated pipe failures for protecdon s

"of each of the systems listed in Tables
3.6-1 and 3.6-2.

(4) The details of how the MSIV functional
capability is protected against the h
effects of postulated pipe failures. '

(5) Typical examples, if any, where
protection for safety related systems
and components against the dynamic
effects of pipe failures include their q
enclosure in suitably designed e

"structures or compartments (including
any additional drainage system or
equipment environmental qualification

3.6.4 COL License Information needs).

3.6.4.1 Details of Pipe llreak Analysis Results (6) The details of how the feedwater line
and Protection Methods check and feedwater isolation valves

functional capabilities are protected
The following shall be provided by the COL against the effects of postulated pipe

applicant (See Subsection 3.6.2.5): failures.

I i
V'
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j

3.6A.2 Leak Before Break Analysis Report*

-

>

i -- As required by Reference 1, and LBB analysis
report shall be prepared for the piping systems
proposed for exclusion from analysis for the

' dynamic effects- due to failure of piping _
| failure. The report shall be' prepared in a

accrodance with the guidelines presented in-
Appendix 3E and Submitted by the COL applicant to*

;- the NRC for approval

3.6.5 References
i
* - 1. Modification of General Design Criterion 4 *

Requirements for Protection Against Dynamic
Effects of Postulated Pipe Rupture, Federan

i Reelster. Volume 52,' No. 207,' Rules -and
i Regulations, Pages 41288 to 41295, October 27,

1987.

I 2. RELAP 3, A Computer Program for Reactor
blowdown Analysis, IN 1321,' issued June-
1970, Reactor Technolocy TID-4500.

'

3. ANSI /ANS 58.2, Design Basis for| Protection of -
Light Water Nuclear Power Plants Against the
Effects of Postulated Pipe Rupture.. -.

|
4. Standard Review' Plan; Public Comments >

Solicited,' Federal Recister. Volume 52, No.
167, Notices, Pages 32626 to 32633, August
28,'1987.i

5. NUREG 1061, Volume 3, Evaluation of Potential -
,~

for Pipe Breaks, Report of the U.S. NRC Piping
i Review Committee, November 1984.

*
.

6. Mehta, H. S., Patel, N.T. and Ranganath, S;,-,

Application of the Leak Before Break Approach*

to BWR Piping, Report NP-4991, Electric Power
Research Institute, Palo Alto, CA, December
1986.

|
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Table 3.6-4g
IIIGII ENERGY PIPING OUTSIDE CONTAINMENT

'

Piping System *

Main Steam

Main Steam Drains

Steam supply to RCIC Turbine

CRD(to and from IICU)

RHR(injection to feedwater from nearest check valves in the RilR

lines)

Reactor Water Cleanup (to Feedwater via RHR and to first inlet valve
to RPV head spray)

Reactor Water Cleanup (pumps suction and discharge)

* Fluid systems operating at high energy levels less than 2 percent of the total
time are not included. These systems are classified moderate-energy systems, (i.e.,

.O HPCF, RCIC, SAM and SLCS),
d

/-

(.,/
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3,7 SEISMIC DESIGN that earthquake which produce vibratory ground

O' motion for which those features of the nuclear
All structures, systems, and equipment of the power plant necessary for continued operation

facility are defined as either Schmic Category I without undue risk to the health and safety of
or non.Scismic Category 1. The requirements for the public are designed to remain functional.
Seismic Category I identification are given in During the ODE loading condition, the safety-
Section 3.2 along with a list of systems, ca.npo. related systems are designed to be capable of
nents, and equipment which are so identified. continued safe operation. Therefore, for this

loading condition, safety related structures,
All structures, systems, components, and equip- and eqtQment are required to operate within

ment that are safety-r*: lated, as defined in Sec- design limits.
tion 3.2, are designed to withstand carthquakes
as defined herein and other dynamic loads includ- The seismic design for the SSE is intended to
ing those due to reactor building vibration (RilV) provide a margin in design that assures
caused by suppression pool dynamics. Although capability to shut down and maintain the nucleat
this section addresses seismic aspects of design facility in a safe condition. In this case, it
and analysis in accordance with Regulatory Guide is only necessary to ensure that the required
1.70, the methods of this section are also systems and components do not lose their
applicable to other dynamic loading aspects, capability to perform their safety related
except for the range of frequencies considered. function. This is referred to as the
The cutoff frequency for dynamic analysis is 33 no loss of function criterion and the loading

j 112 for seismic loads and 60 lir. for suppression condition as the SSE loading condition.
pool dynamic loads. The definition of rigid
system used in this section is applicable to Not all safety related components have the
seismic design only. same functional requirements. For example, the,

reactor containment must retain capability to
The safe shutdown earthquake (SSE) is that restrict leakage to an acceptable level.

O c ri'a 'c hich i, 6 sed re i iie er T a r rere. 6 a e v>c c i nr ciice. ci ,iic
the maximum carthquake potential considering the behavior of this structure under the SSE loading
regional and local geology, scismology, and condition is ensured. On the other hand, there
specific characteristics of local subsurf ace are certain structures, components, and systems
material. It is that carthquake which produces that can suffer permanent deformation without
the maximum vibratory ground motion for which loss of function. Piping and vessels are
Seismic Category I systems and components are examples of the latter where the principal
designed to remain functional. These systems and requirement is that they retain contents and
components are those necessary to ensure: allow fluid flow.

(1) the integrity of the reactor coolant pressure Table 3.21 identifies the equipment in
boundary; various systems as Scismic Category I or non.

Seismic Category 1.
(2) the capability to shut down the reactor and

maintain it in a safe shutdown condition; and 3.7.1 Seismic Input

(3) the capability to prevent or mitigate the 3.7.1.1 Design Response Spectra
consequences of accidents that could result
in potential offsite exposures comparable to The design earthquake loading is specified in
the guideline exposures of 10CFR100, terms of a set of idealized, smooth curves

called the design response spectra in accordance
The operating basis carthquake (OBE)is that with Regulatory Guide 1.60,

carthquake which, considering the regional and
local geology, seismology, and specific charac- Figure 3.71 shows the standard AllWR design
teristics of local sussurface material, could values of the horizontal SSE spectra applied at
reasonably be expected to affect the plant site the ground surface in the free field for damping(q during the operating life of the plant. It is ratios of 2.0, 5.0, 7.0 and 10.0% of critical/

Amendment 21 311
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values of the vertical SSE spectra applied at the The magnitude of the SSE design time history
ground surface in the free field for damping is equal to twice the magnitude of the design g
ratios of 2.0, 5.0, 7.0, and 10.0% of critical OBE time history. The OBE time histories and
damping where the maximum vertical ground response spectra are used for dynamic analysis
acceleration is 0.30 g at 3311r, sarue as the and evaluation of the structural Seismic Systemt
maximum hotirontal ground acceleration. the OBE results are doubled for evaluaiing the

structural adequacy for SSE. For development of
The design values of the OBE response spectra floor response spectra for Seismic Subsystem

are one. half' of the spectra shown in Figures analysis and evaluation, see Subsection 3.7.2.5.
3.7 1 and 3.7 2. These spectra are shown in
Figures 3.7 3 through 3.7 20. The response spectro produced from the OBE

design time histories are shown in Figures 3.7 3
The design spectra are constructed in through 3.7 20 along with the design OBE

accordance with Reguistory Guide 1.60. The response spectra. The closeness of the two
normalization factors for the maximurn salues in spectra in all cases indicates that the
two horizontal directions are 1.0 and 1.0 as synthetic tirne histories are acceptable.
applied to Figure 3.71. For vertical direction,
the normalization factor is 1.0 as applied to The response spectra from the synthetic time
Figure 3.7 2. histeries for the damping values of 1,2,3 and

4 percent conform to the requirement for an
3.7.1.1 D< sign Time Illstory enveloping procedure provided in item II.1.b of

Section 3.7.1 of NUR3G 0800 (Standard Revie 5
The design time histories are synthetic Plan, SRP). liowever, the response spectra for

acceleration time histories generated to match the higher damping values of 7 and 10 percent
the design response spectra defined in Subsection show that there are some deviations from the SRP
3.7.1.1. requirement. This deviation is considered

inconsequential, because (1) generating an
The design time histories considered in GESSAR artificial time history whose response spectra h

(Reference 1) are used. They are developed based would envelop design spectra for five different
on the method preposed by Vanmarcke and Cornell damping values would result in very conservative
(Reference 2) because of its intrinsic capability time histories for use as design basis input,
of imposing statisticalindependence among the and (2) the response spectra from the synthetic
synthesired acceleration time history time histories do envelop the design spectra for
components. The c'stthquake acceleration time the lower damping values. This is very
history components are identified as lit,112, and important because the loads due to SSE on
V. The lit and 112 are the two horizontal structures should use 7 percent damping for
components mutually perpendicular to each other, concrete components, but are obtained by
Both 111 and 112 are based on the design horizontal ratioing up the response from the OBE analysis
ground spectra shown in Figure 3.71. The V is involving the lower damping. The OBE analy'i'
the vertical component and it is based on the uses only the lower damping values (up to 4%;.
design vertical ground spectra shown in Figure which are consistent with the SRP requirements
3.7 2. (See Subsection 3.7.1.3).

The GBE given in Chapter 2 is one third of*

the SSE, i.e., 0.10 g, for the ABlVR Standard
Nuclear Island design. However, as discussed
in Chapter 2, a more conservative value of
one half of th e SSE, i.e., 0.15 g, was
employed to evaluate the structural and
component response.

O
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(3) actual testing of equipment in accordance

O *i's e er in - ihea ac cria a i- <>> 'he r d - ' i r <9# <x a ' ci'-'ce
Subscetion 3.9.2.2 and Section 3.10. loads are found by a standard seismic

analysis (i.e., from eigen extraction and
3.7.3.2 Determination of Number of Earthquake forced response analysis);
Cycles

(2) the number of cycles v,hich the component
3.73.2.1 Piping experiences are found from Table 3.7 6

according to the frequency range within
Fifty (50) peak OBE cycles are postulated for which the fundamental frequency lies; and

fatigue evaluation.
(3) for fatigue evaluation, one half percent

3.7.3 2.2 Other Equipment and Components (0.005) of these cycles is conservatively
assumed to be at the peak load, and 4.5%

Critesion ll.2.b of SRP Section 3.7.3 recom- (0.045) at the three quarter peak. The
mends that at least one safe shutdown earthquake remainder of the cycles have negligible
(SSE) and five operating basis earthquakes (OBEs) contribution to fatigue usage.
should be assumed during the plant life. It also
recommends that a minimum of 10 maximum stress The SSE has the highest level of response.
cycles per carthquake should be assumed (i.t.,10 However, the encounter probability of the SSE is
cycles for SSE and 50 cycles for OBE). For so small that it is not necessary to postulate
equipment and components other than piping,10 the possibility of more than one SSE during the
peak OBE stress cycles are postulated for fatigue 60 year life of a plant. Fatigue evaluation due
evaluation based on the following justification. to the SSE is not necessary since it is a

faulted condition and thus not required by ASME
To evaluate the number of cycles engendered by Code Section 111.

O a given carthquake, a typical Boiling Water Reac-
tor Building reactor dynamic model was excited by The OBE is an upset condition and is included
three different recorded time histories: May 18, in fatigue evaluations according to ASME Code
1940, El Centro NS component,29.4 sec; 1952, Section 111. Investigation of seismic histories
Taft N69' W component,30 sec; and March for many plants show that during a 60 year life
1957, Golden Gates 89 E component,13.2 sec. it is probable that five carthquakes with
The modal response was truncated so that the intensities one tenth of the SSE Intensity, and
response of three different frequency bandwidths one carthquake approximately 20% of the proposed
could be studied. 0+ to 10 llz,1010 20 Hz, and SSE intensity, will occur. The 60 year life
20 to 50 liz. This was done to give a good corresponds to 40 years of actual plant
approximation to the cyclic behavior expected operation divided by a 67% usage factor. To
from structures with different frequency content, cover the combined effects of these earthquakes

and the cumulative effects of even lesser
Enveloping the results from the three carth- earthquakes,10 peak OBE stress cycles are

quakes and averaging the results from several postulated for fatigue evaluatioa.
different points of the dynamic model, the cyclic
behavior given in Table 3.7 6 was formed. 3.7.33 Procedure Used for Modeling

independent of earthquake or component 3.7.33.1 Modeling or Piping Systems
frequency,99.5% of the stress reversals occur
below 75% of the maximum stress level, and 95% of 3.733.1.1 Summary
the reversals lie below 50% of the maximum stress
level. To predict the dynamic response of a piping

system to the specified forcing function, the
In summary, the cyclic behavior number of dynamic model must adequately account for all

fatigue cycles of a component during a earthquake significant modes. Careful selection must be
g is found in the following manner: made of the proper response spectrum curves and

Amendment 1 3115
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proper location of anchors in order to separate The stiffness matrix at the attachment loca- | |

tion of the process pipe (i.e., main steam, |g'Seismic Category I from non Category I piping
RilR supply and return, RCIC, etc.) head !systems.
fitting is sufficiently high to decouple the

3.7.3.3.lJ Seltction of Mass Points pene' ration assembly from the process pipe.
Previous analysis indicates that a satis.

When performing a dynamic analysis, a piping factory minimum stiffness for this attachment
system is idealized either as a mathematical point is equal to the stiffness in bending
model consisting of lumped masses connected by and torsion of a cantilevered pipe section of
wel shtless clastic members or as a consistent the same sire as the process pipe and equali ,

mass model. The clastic members are given the in length to three times the process pipe
properties of the piping system being analyred. outer diameter.
The mass points are carefully located to
adequately represent the dynamic p;operties of For a piping system supported at more than
the piping system. A mass point is located at two points located at different elevations in
the beginning and end of every cibow or valve, at the building, the response spectrum analysis is
the extended valve operatr.r, and at the performed using the envelope scsponse spectrum
intersection of every tee. On straight runs, of all attachment paints. Alternatively, the
mass points are located at spacings no greater multiple support excitation analysis methods may
then the span length corresponding to 33 liz. A be used wherc acceleration time histories or
mass point is located at every extended mass to response spectra are applied at all the piping
account for torsional effects on the piping attachment points. Finally, the worst single
system. In addition, the increased stiffness and floor response spectrum selected from a set of
mass of valves are considered in the modeling of floor response spectra obtained at various
a piping system. floors may be applied identically to all floors

provided it envelops the other floor response
3.7.3.3.1.3 Selection of Spectrum Cunes spectra in the set.

Oin selecting the sp. im curve to be used for 3.7.3.3.2 Modeling of Equipment
dynamic analysis of a particular piping system, a -

curve is chosen which most closely describes the For dynamic analysis, Seismic Category I
accelerations existing at the end points and equipment is represented by lumped mass systems
restraints of the system. The procedure for de- which consist of discrete masses connected by
coupling small branch lines from the main run of weightless springs. The criteria used to lomp
Scismic Category I piping systems when estab. masses are:
lishing the analytical models to perform seismic
analysis are as follows: (1) The number of modes of a dynamic system is

controlled by the number of masses used;
(1) tie small branch lines are decoupled from the therefore, the number of masses is chosen so

main runs if they have a diameter less than that all sign!ficant modes are included.
one third the diameter of the main run. The modes are considered as significant i4

the corresponding natural frequencies r.re
(2) The stiffness of :.!8 the anchors and its less than 33 lir and the stre:ses calculated

supporting stcel is large enough to from these modes are greater than 10% of the
effectively decouple the piping on either total stresses obtained from lower modes,
side of the anchor for analytic and code This approach is acceptable provided at-
jurisdictional boundary purposes. The RPV is least 90% of the loading / inertia is
very stiff compared to the piping system and contained in the modes used. Alternately,
therefore, it is modeled as an anchor.

Penetration asseublics (head fittings and
penetration sleeve pipe) are very stiff
compared to the piping system and are modeled
as anchors.

O
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whereO where wk and Sk are the modal frequency
and th- damping ratio in the kth mode,.

R = combined response; respectively, and td s the duration of thei

R = response to the th mode; and
3.73A Analytical Procedurr for Piping

N = number of modes considered in the
analysis. 3.7JJ.1 Piping Subsysterns Other han NSSS

3.7.3.7.2.2 Double Sum Method 3.7JA.1.1 Qualification by Analysts

This method, as defined in Pegulatory Guide The methods used in scismic apMysis vary
1.92, is mathematically: according to the type of subsyr ems and

supporting structure involved. The. following
possible cases are defined along with the

1 /2 associated analytical methods used.1fN N
R" l Z Z |Rk R|eks Is

iL=l s=1 d (3.7 18) 3.7.3A.1.2 Rigid Subsystems with Rlgid
Supports

where

If all natural frequenci:: of the subsystem-.

R = representative maximum value of a are greater than 33 Hz, the subsystem is .

particular response of a given considered rigid and analyzed statically as
element to a given component of such, in the static analysis, the seismic
excitationt forct,. .s each component of the subsystem are

obtained by concentrating the mass at the center

O Rk = peak value of the response of the - of gravity and multiplying the mass by the
element due to the klD mode; appropriate maximum floor acceleratloa.

N = n u m be r of signific a nt m ode s 3.7.3J.1J Rigle ubsysteses with Flexible
considered in the modal response Suppoets
combination; and

_

Ifit can be shown that the subsystem itself
R = peak value of the response of the is a rigid body (e.g., piping supported at onlys

element attributed to sth mode - - two points) while its supports are flexible, the
overall subsystem is modeled as a single. degree-

where of. freedom subsystem consisting of an effective
mass and spring.

(d * W's) q2 -1
_

'
k

qs= 1+ J The natural frequency of the subsystem is
((#[ uk + #s' W )) computed and the acceleration determined froms

~

(3.7 19) the floor response spectrum curve using the
appropriate damping value. A static analysis is

in which performed using 1.5 times the acceleration =
value. In lieu'of calculating the natural

'

1/2 frequency, the peak acceleration from the,

wk" Wk 1 * # ,'' spectrum curve may be used,
k

if the subsystem has no' definite orientation,

p( " 4k + id wk the excitation along each of_ three mutually _
perpendicular axes is aligned with respect to

p the system to produce maximum' loading. The
.

Amendment 21 -3.7 19
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excitation in each of the three axes 16
considered to act simultaneously. The y 1/2 h
excitations are combined by the SRSS method. R= I R2 + 2E |Rf Rm!b I

3.7J11.4 Flexible Subsystems ki=1 I' (3.7 20)

if the piping subsystem has more than two where the second summation is to be done on all,

supports, it cannot be considered a rigid body 1 and m modes whose frequencies are closely
and must be modeled as a multi degree of freedom spaced to each other,
subsystem.

and where
The subsystem is modeled ts discusted in

Subsection 'n.7.3.3.1 in sufficient detail (l.c., R = response to the ith mode
number of mass pnints) to ensure that the lowest
natural frequency between mass points is greater N = number of significant modes
than 33 liz. The mathematical modelis analyzed considered in the modal response
using a time history analysis technique or a combinations.
response spectrum analysis approach. After the
natural frequencies of the subsystem are The excitation in each of the three major
obtained, a stress analysis is performed using orthogonal directions it, considered to act
the inertia forces and equivalent static loads simultaneously with their effect combined by the
obtained from the dynamic analysis for each mode. SRSS method.

For a response spectrum analysis based on a 3.73 113 Static Analysis
modal superposition method, the modal response
accelerations are taken directly from the A static analysis is performed in lieu of a
spectrum. The total seismic stress is normally dynamic analysis by applying the following g
obtained by combining the modal stress using the forces at the concentrated mass locations W
SRSS method. The seismic stress of closely (nodes) of the analytical model of the piping
spaced modes (i.e., within 10% of the adjacent system:
mode) are combined by absolute summation. The
resulting total is treated as a pseudomode and is (1) horizontal static load, Ph = C W, in oneh
then combined with the remaining modal stresses of the horizontal principal directions;
by the SRSS method.

(2) equal static load, P , in the otherh
The approach is simple and straightforward in horizontal principal direction; and

all cases where the group of modes with closely
spaced frequencies is tightly bundled (i.e., the (3) vertical static load, Fy = C W;y
lowest and the highest modes of the group are
within 10% of each other). Ilowever, when the where
group of closely spaccd modes is spaced widely
over the freouency range of interest while the C ,C = multipliers of the gravityh y
frequencies of the adjacent modes are closely acceleration, g, determined
spaced, the absolute sum method of combining from the horizontal and ver-
response tends to yield over conservative tical floor response spectrum
results. To prevent this problem, a general curves, respectively. (They
approach applicable to all modes is considered are functions of the period and
appropriate. The following equation is merely a the appropriate damping of the
mathematical representation of this approach. piping system); and

The most probable system response, R, is given W = weight at node points of the
by: analytical model.

O
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Magnetic tape according and playback units are structures and equipment. Response spectra are
provided for multiple channel recording and play- recorded for tbree mutually orthogonal
back of the TilA accelerometer signals. The data directions at the sensor location by inscribing
recordings include an additional recorded channel steel reed deflections upon record plates. One
for the timing reference signal generated in the recorder is located on tue reactor building
control unit. The recording and playback systems foundation in a clean rone. Another recorder is
have a special cabinet furnished for those located on the control building foundation. If
instruments and devices necessary for system the OllE design response spectra values for
testing, annunciating, calibration, and control. specific ficquencies are exceeded during an
This cabinet is located in the control equipment carthquake, specific switches mounted in the
room, recorders annunciate the specific frequencies in

the control equipment room.
3.7.4.2.2 Peak Recording Accelerographs

Two other recorders do not contain alarm
Each scusor unit contains three peak recording contacts. One is mounted in the reactor

accclerographs mounted in a mutually orthogonal building pipe tunnel on a 20 inch RilR linc and
array. The units are unpowcred and record peak another is on a FMCRD control panel support.
accelerations triaxially by proportional
scratches on record plates. The PRAs that are 3.7.4.2.5 Recording and Playback Equipment
mounted directly on equipment have one axis
coincident with the principal equipment axis. A cabinet located in the control equipment
All other PRAs have their principal axes oriented room bouses the recording, playback, and
identically with one horizontal axis parallel to calibration units that are used in conjunction
the major horizontal axis assumed in the seismic with the TilA sensors to produce a time history
analysis. record of the earthquake, it also contains

audible and visual annunciators wired to display
One PRA is located on a reactor water cleanui, initiation of the TilA recorder and the pov.cr

s_/ unit (RWCU) regenerative heat exchanger support. supply components for all equipment contained
A second PRA is located on an RilR pipe support, within the cabinet.
A third PRA is located on a diesel generator
supporL. 3.7.4.3 Control Room Op:rator Notification

Data from PRAs must be manually retricted Activation of the seismic triggers causes an
following an carthquake and is used in the audible and visual annunciation in the main
detalled investigations for particular control room to alert the plant operator that an
structures, systems, and equipment. carthquake has occurred. The annunciation is

set to occur at 0.01g vertical acceleration on
3.7.4.2.3 Seismic Switches the free field.

One triaxial seismic switch (SS) is installed The triggers cause initiation of the TilA
on the reactor building foundation. This device recording system at horizontal or vertical
actuates a visual and audible annunciator in the acceleration levels slightly higher than the
main control room when the OllE acceleration on at expected background level including induced
least one of the axes has been exceeded. When vibrations from sources such as traffic,
the threshold acceleration is sensed, the relay clevators, people, and machinery. The initial
closes and remains closed for an adjustable set points may be changed once significant plant
period after the threshold is no longer exceeded. operating data have been obtained which indicate

that a different setpoint would provide better
3.7.4.2.4 Response Spectrum Recorders TilA system operation.

The response spectrum recorders measure both Audible and visual annunciators are provided
horizontal and vertical peak acceleration for a in the main control room to indicate whether the

,) series of frequencies pertinent to specific OllE floor accelerations have been exceeded for

Amendment 7 3.7 15
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the scismic switch heation. 3.7A.5 In SenIce Sunelliance

The peak acceleration level experienced by the Each of the seismic instruments will oc
reactor building basemat is available immediately demonstrated operable by the performance ut the
following the earthquake. This is obtained by channel check, channel calibration, and channel
playing back the recorded TIIA data from the functional test operations at the intervals
basemat h> cation and reading the peak value from specified in Table 3.7 9.
a strip chart recorder.

3.7.5 COL Lleense Information
Significant response spectra from the reactor

building basemat are available immediately 3.7.5.1 Seismic Parameters
following an earthquake for comparison with the
OllE and SSE response spectra. The design basi; horizontal g value is 0.3g

for SSE and 0.15g for OBE. These are maximum
3.7AA Comparison of Measurrd and Prvdicted free field ground accelerations at the site as
Respreses measured at the existing grade level near the

A13WR. The response spectra are presented in
initial determination of the carthquake level Subsection 3.7.1. The range of site parameters

is performed immediately after the carthquakc by used to estabilsh the des!gn basis scismic
comparing the measnted sesponse spectra from the paratacters is presented in Appendix 3A.
reactor building basemat with the OBE and SSE
response spectra for time correrponding location. 3.7.6 References
If the measured spectra exceed the OBE response
spectra, the plant is shut down and a detailed 1. General Electric Company BWR/6-238 Standard
analysis of the carthquake motion is undertaken. Safcry Analysis Report (GESSAR), Docket No.

STN $0-447, November 7,1975.
After any carthquake, the data from all

seismic recorders and recording instruments are 2. E.11. Vanmarcke and C. A. Cornell, Scismic g
retrieved. When the OBE has been exceeded, the Risk and Design Response Spectra, ASCE
data from these instruments are analyzed to Specialty Conference on Safety and
obtain th: seismic accelerations experienced at Reliability of Metal Structures, Pittsburgh,
the location of ruajor Seismic Category 1 Pennsylvania, November 1972,
structures and equipment. The measured response
from the time history accelerographs, peak- 3. NUREG 0800, Standard Review Plan, Section
recording accelerographs, and response spectrum 3.7.1.
recorders are used to determine the response
spectra at the location of each Seismic Category 4. L. K. Liu, Scismic Analysis of the Rolling
1 Structure and system. These spectra are IVater Reactor, symposium on seismic analysis
compared with those used in the design to of pressure vessel and piping components,
determine whether the structure or system is First National Congress on Pressure Vessel
still adequate for future use. Peak recording and Piping, San Francisco, California, May
aceclerographs mounted on equipment are used to 1971.
determine whether the design limitation of that
specific equipment has been exceeded.

The theoretical structural response and mea.
sured structural responses are compared to assess
the degree of conservatism in the analytical pre-
dictions. Seismic levels are established to de-
termine whether the plant can be brought back on
line. The criteria consider system design and
dynamic analysis in establishing the acceptable
levels for continued operation.

Gt

Amendent 2t 33 26

i

. _ . . _ . .



ABWR mumu
Standard Plant uv. n

SECTION 3.9O
CONTENTS (Continued)

Section Illig fagt

3.9.$.2 Loading Conditions 3.9-41

3.9.5.2.1 Events to be Evaluated 3.9-41

3.9.5.2.2 Pressure Diiferential During Rapid
Depressurization 3.9-41

3.9.5.23 feedwater Line and Matti Steam Line Dreak 3.9-42

3.9.5.23.1 Accident Definition 3.944 2

3.9.5.23.2 Effects of Initial Reactor Power and Core Flow 3.9 42

3.9.5.2.4 Seismic and Other Reactor Building Vibration Ewnts 3.9-42

3.9.53 Design Eases 3.9-43

3.9.53.1 Safety Design Bases 3.9-43

3.9.53.2 Power Generation Design Bases 3.9-43

3.9.533 Design Loading Categories 3.9 43

3.9.53.4 Response ofInternals Due to Steam Line
break Accidcut , 3.9-43

". 9.53.5 Stress and Fatigue Limits for Core Support =
Structures 3.9-43

3.9.53.6 Stress, Deformation, and Fatigue Limits for
Safety Class Reactor Internals (Escept Core
Support Structures) 3.9-44

3.9.6 Inservice Testine of Pumns and Valves 3.9 44

3.9.6.1 Insenice Testing of Safety-Related Pumps ' 3.9-44

3.9.6.2 Insenice Testing of Safety Related Vahts 3.9-44.1

3.9.6.2.1 Check Valves 3.9-44.1

3,46.2.2 Motor Operated Vahu 3.9-44.1

3.9.6.23 Isolation Valve Leak Test . 3.9-44.2

3.9x

Amendment 20

_ _ -



ABWR zuunan
Standard Plan! Rim. n

SECTION 3.9

OCONTENTS (Continued)
1

iSection lide Page

3.9.7 COL Litraithformalhtti 3.9-45

3.9.7.1 Reactor Internals Vibration Analysis, 3.9-45 I

Mcasurement and Inspectien Programs )

3.9.7.2 ASME Class 2 or 3 or Quality Group 3.9-45
Components with 60 Year Life

3.9.7.3 Pump and Vahe Insenice Testing I'rogram 3.9 45 i

3.9.7.4 Audits of Design Specifications and Design
Reports 3.9-45

3.9.8 }tefettatti 3.9-45

TAllLES

Tnble lith Eage

g3.91 Plant Events 3.9-46

3.92 Load Combinations and Acceptanec Criteria for
Safety Related, ASMDCode Class 1,2 and 3
Components, Component Supports, and Class CS
Structures 3.9-49

3.93 Pressure Differentials Across Reactor Vessel
Internals 3.9 $3

| 3.9-4 Deformation Limit, for Safety Class Reactor
Internal Structures Only 3.9 54

3.95 Primary Stress Limit, for Safety Class Reactor
Internal Structures Only 3.9-55

3.96 13uckling Stability Limit, for Safety Class
Reactor Internal Structures Only 3.9 57

3.9-7 Fatigue Limit, for Safety Class Reactor
Internal Structures Only 3.9-58

3.9-8 Insenice Testing Safety Related
Pumps and Valves 3.9-58.1

3.9-xi

O
Amendment 21



- - - - - . - . .. . .- - - - . - -. - -_

!
ABWR men |
Standard Plant su v n

!

pletion of preoperational testing, the reactor 3.9.2.5 Dynamle System Analysis of Reactor
vessel head and the shroud head are removed, the Internals Under Faulted ConditionsO vessel is drained, and major components are
inspected on a selected basis. The inspections The faulted events that are evaluated are
cover the shroud, shroud head, core support defined in Subsection 3.9.5.2.1. The loads
structures, recirculation internal pumps, the that occur as a result of these events and the
peripheral control rod drive, and incore guide analysis performed to determine the response of
tubes. Access is provided to the tractor lower the reactor internals are as follows: !

plenum for these inspections.
(1) Reactor Internal Pressures . The reactor '

The analysis, design and/or equipment that are internal pressure differentials (Figure
to be utilized in a facility will comply with 3.9 la) due to assumed break of main steam
Regulatory Guide 1.20 as explaineti below, or feedwater line are determined by

analysis as described in Subsection
Regulatory Guide 1.20 describes a 3.9.5.2.2. In order to assure that no

comprehensive vibration assessment program for significant dynamle amplification of load :

reactor internals during preoperational and occurs as a result of the oscillatory
initial startup testing. The vibration nature of the blowdown forces during an
assessment progratn meets the requirements of accident, a comparison is made of the

,

Criterion 1, Quality Standards and Record, periods of the applied forces and the
Appendix A to 10CFR50 and Sectiori 30.M, Contents natural periods of the cors support
of Applications; Technical information, of structures being acted upon by the applied

,

10CFR50. This Regulatory Guide is applicable to forces. These periods are determined-
the core support structures and other reactor from a comprehensive vertical dynamic
internals, model of the RPV and internals with 12

degrees of freedom. Besides the real q
Vibration testing of reactor internals is masses of the RPV and core support $

0 performed on all GE BWR plants. At the time of structures, account is made for the water
original issue of Regulatory Guide 1.20, test inside the RPV.
programs for compliance were instituted for the
then designed reactors. The first ABWR plant is (2) External Pressure and Forces on Tae
considered a prototype and is instrumented and Reactor Vessel An assumed break of the !

subjected to preoperation and startup flow , main steam line, the feedwater line or the
testing to demonstrate that flow induced RilR line at the reactor vessel nozzle
vibrations similar to those expected during results in jet reaction and impingement
operation will not cause damage. Subsequent forces on the <cssel and. asymmetrical
plants which have internals similar to those of piessurization of the annulus between the
the prototypes are also tested in compliance with reactor vessut and the shield wall,
the requirements of Regulatory Guide 1.20. GE is These time varying pressures are applied -
committed to confirm satisfactory vibration to the dynamic model of the reactor vessel
performance of internals in these plants through system. Except for the nature and
preoperational flow testing followed by locations of the forcing functione. the
inspection for evidence of excessive vibration. dynamic model and the dynamic analysis
Extensive vibration measurements in prototype method are identical to those for seismic
plants together with satisfactory operating analysis as described below. The
expeilence in all BWR plants have established the resulting loads on the reactor internals,
adequacy of reacto_r internal designs.- GE defined as LOCA loads, are considered as
continues these test programs for.the generic. shown in Table 3.9.2,- -

plants to verify structural integrity and to
establish the margin of safety. - (3) Safety / Relief Valve Loads (SRV Loads) The

discharge of the SRVs result in reactor .
See Subsection 3.9.7.1 for COL license _ building vibration (RBV). due to ;

information pertaining to the reactor internals suppression pool dynamics as described in '
"

O vibration testing program. Appendix 3B. The response of the reactor

Amendment 21 3.9-17
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internals to the RBV is also determined with the reactor and internals are performed. The
dynamic model and dynamic analysis method results of these analyses are used to generate
described below for seismic analysis. the allowable vibration levels during the

vibration test. The v:bration data obtained
(4) LOCAlmads The Anumed LOCA also resultsin during the test will be analyzed in detail.

RBV due to suppression pool dynamics as
described in Appendix 3B and the response of
the reactor internals are again determined
with the dynamic roodel and dynamic rnalysis
method used for seismic analysis. Various
types of LOCA loads are identified on Table
3.92.

(5) Seismie Loads The theory, methods, and
compulcr codes used for dynamle analysis of
the reactor vessel, internals, attached
piping and adjoining structures are
described in Section 3.7 and Subsection
3.9.1.2. Dynamic analysis is performed by
coupling the lumped. mass model of the
reactor vessel and internals with the
building model to determine the system

.

natural frequencies and mode shapes. Thea

2 relative displacement, acceleration, and
;; load response is then determined by either

the time history method or the
resonse. spectrum method. The load on the g
reactor internals due to faulted event SSE
are obtained from this analysis.

The above loads are considered in combination
as defined in Table 3.9 2. The SRV. LOCA (SBL,
IBL or LDL) and SSE loads as defined in Table
3.9 2 are all assumed to act in the same
direction. The peak colinear responses of the
reactor internals to each of these loads are
added by the square root of the sum of the
squares (SRSS) method. The resultant stresses
in the reactor internal structures are Wrectly
added with stress resulting from the static and
steady state loads in the f aulted load

combination, including the stress due to peak
reactor internal pressure differential during the
LOCA. The reactor internals satisfy the stress
deformation and fatigue limits as defined in
Subsection 3.9.5.3.

3.9.2.6 Correlations of Reactor laternals
Vibration Tests With the Analytical Results

Prior to initiation of the instrumented
vibration measurement program for the
prototype plant, extensive dynamic analyses of

Amendment 8 3 9-17.1
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The results of the data analyses, vibration 3.9 2 and are contained in the design

O amplitudes, natural frequencies, and mode shapes specifications and/or design reports of the
are then compared to those obtained from the respective equipment. (See Subsection 3.9.7.4
theoretical analysis. for COL license information)

Such comparisons provide the analysts with Table 3.9 2 also presents the evaluation
added insight into the dynamic behavior of the models and criteria. The predicted loads or
reactor internals. The additional knowledge stresses and the design or allowable values for
gained from previous vibration tests has been the most critical areas of each component are
utillred in the generation of the dynamic models compared in accordance with the applicable code
for seismic and loss of coolant accident (LOCA) criteria or other limiting criteria. The
analyses for this plant. The models used for calculated results meet the limits,
this plant are similar to those used for the
vibration analysis of earlier prototype BWR The design life for the ABWR Standard I'lant
plants. is 60 years. A 60 year det.ign life is a

requirement for all major plant components with
3.9.3 ASME Code Class 1,2, and 3 reasonable expection of meeting ihis design
Components, Cornponent Supports, and life. liowever, all plant operational components
Core Support Structures and equipment except the reactor vessel are

designed to be replaceable, design life not
3.9.3.1 Lot.d.ng Comble,ations, Design withstanding. The design life requirement
Transients, and Stress L!mits allows for refurbishment and repair, as

appropriate, to assure the design life of the
This secilon delineates the criteria for overall plant is achieved. in effect,

aclection and definition of design limits and essentially all piping systems, components and
loading combination associated with normal equipment are designed for a 60 yeer design
operation, postulated accidents, and specified life. Many of these componce,ts are classified
seismic and other reactor building vibration as ASME Class 2 or 3 or Quality Group D.
(RBV) events for the design of safety related Applicants referencing the ABWR design will
ASME Code components (except containment identify these ASME Class 2,3 amd Quality Group
components which are discussed in Section 3.8). D components and provide the analyses required

by the ASME Code, Subsection NB. These analysis
This section discusses the ASME Class 1,2, will include the appropriate operating vibration

and 3 quipment and associated pressure retaining loads and for the effects of mixing hot and cold
parts and identifies the applicable loadings, fluids,
calculation methods, calculated stresses, and
allowable 5,resses. A discussion of major 3.9.3.1.1 Plant Conditions
equipment is included on a component-by-component
basis to provide examples. Design transients and All events that .he plant will or might
dynamic loading for ASME Class 1,2, and 3 credibly experience during a reactor year are
equipment are covered in Subsection 3.9.1.1. evaluated to establish design basis for plant
Seismic related loads and dynamic analyses are equipment. These events are divided into four
discussed in Section 3.7. The suppression plant conditions. The plant conditions
pool related RBV loads are described in Appendix described in the following paragraphs are based
3B, Table 3.9 2 presents the combinations of on event probability (i.e., frequency of
dynamic events to be considered for the design occu r r e n ce as discus _se d in S ubsc.ction
and analysis of all ABWR ASME Code Class 1,2, 3.9.3.1.1.5) and correlated to service levels
and 3 components, component supports, core for design limits defined in the ASME Boiler and
support structures and equipment. Specific Pressure Vessel Code Section 111 as shown in
loading combinations considered for evaluation of Tables 3.91 and 3.9 2.
each specific equipment are derived from Table

b%/
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3.93.1.1.1 Normal Condition

O
Normal conditions are any conditions in the

course of system startup, operation in the design
power range, normal hot standby (with condenser
available), and system shutdown other than upset,
emergency, faulted, or testing.

3.93.1.1.2 Upset Condition

An upset condition is 6ny deviation from
normal conditions anticipated to occur often
enough that design should include a capability to
withstand the conditions without operational
impairment. The upset conditions include system
operational transients (SOT) which result from
any single operator error or control malfunction,-
from a fault in a system ccmponent requiring its
isolation from the systern, from a loss of load or
power, or from an operating basis carthquake,
llot standby with the main condenser isolated is
an upset condition.

O
,

9
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3.93.1.13 Emergeacy Condition The IBL classification covers those breaksg
for which the ECCS system operation will occur

An emergency condition includes deviations during the blowdown, and which results in
from normal conditions which require shutdown for reactor depressurization. The LBL classifica-
correction of the condition (s) or cepair of tion covers the sudden, double ended severance
damage in the reactor coolant pressure boundary of a main steam line inside or outside the con.
(RCPB). Such conditions have a low probability tainment that results in transient reactor de.
of occurrence but are included to provide assu- pressurization, or any pipe rupture of equiv.
rance that no gross loss of structural integrity alent flow cross sectional area with similar
will result a. a concomitant effect of any damage effects.
developed in the system. Emergency condition
events include but c : not limited to infrequent 3.93.1.1.5 Correlation of Plant Condition
operational transients (IOT) caused by one of the with Event Probability
following: (a) a multiple valve blowdown of the
reactor vessel; (b) LOCA from a small break or The probability of an event occurring per
crack (S!!L) which does not depressurize the reac- reactor year associated with the plant condi-
tor systems, does not actuate automatically the tions is listed below. This correlation identi.
ECCS operation, not results in leakage beyond lies the appropriate plant conditions and as-
normal makeup rm 1 capacity, but which requires signs the appropriate ASME Section til service
the safety functi .. of isolation of containment levels for any hypothesired event or sequence of
and shutdown and may involve inadvertent actua. events.
tion of automatic depressurization system (ADS);
(c) improper assembly of the core during refuel. Event Encounter
ing; or (d) improper or sudden start of one Plant ASME Code Probability per
recirculation pump. Anticipated transient Condition Senice Level Reactor Year
without scram (ATWS) or reactor overpressure with

p delayed scam (see Tables 3.91 and 3.9 2) is an Normal A 1.0
V IOT classified as an emergency condition. (planned)

Upset B 1.0 > P210 ,
3.93.1.1..I Faulted Condition (moderate probability)

A f aulted condition is any of those Emergency C 10'' > PA10''
combinations of conditions associated with (low probability)
extremely low probability postulated events whose
consequences are such that the integrity and Faulted D 10 * > P> 10d

; operability of the system may be impaired to the (extremely low probability)
| cxtent that considerations of public health and
| safety are involved. Faulted conditions en. 3.93.1.1.6 Safety Class Functional Criteria

compass events, such as LOCA, that are postulated
because their consequences would include the For any normal or upset design condition
potential for the release of significant amounts event Safety Class 1,2, and 3 equipment and
of radioactive material. These events are the piping (see Subsection 3.2.3) shall be capable
most drastic that must be considered in the de- of accomplishing its safety functions as re-
sign and thus represent limiting design bases, quired by the event and shallincur no permanent
Faulted condition events include but are not changes that could deteriorate its ability to
limited to one of the following: (a) a control accomplish its safety functions as required by
rod drop accident; (b) a fuel. handling accident; any subsequent design condition event.
(c) a main steam line or feedwater line break;
(d) the combination of any small/ intermediate For any emergency or faulted design condition
break LOCA (SDL or IBL) with the safe shutdown event, Safety Class 1,2, and 3 equipment and

| carthquake, and a loss of offsite power; or (c) piping shall be capable of accomplishing its
the safe shutdown earthquake plus large break safety functions as required by the event but,

LOCA (LBL) plus a loss of offsite power. repairs could be required to ensure its ability

l
4
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to accomplish its safety functions as required The MS system piping extending from the out- |
by any subsequent ign condition event, board main steam isolation valve to the turbine g g

stop valve is constructed in accordance with the 2
"

Specific stress criteria to meet the func. ASME Boiler and Pressure Vessel Code Section
tional requirements are identified in a footnote III, Class 2 Criteria.
to Table 3.9 2.

3.93.1.4 Recirculation Motor Cooling (RMC)
3.93.1.2 Reactor Pressure Vessel Assembly Subsplem

Tbc reactor vessel assembly consists of the The RMC system piping loop between the recir.
reactor presscre vessel, vessel support skirt, culation motor casing and the heat exchanger is
and shroud support. constructed in accordance with the ASME Boiler g

and Pressure Vessel Code Section III, Subsection $
The reactor pressure vessel, vessel support NB 3600. The rules contained in Appendix F of

skirt, and shroud support are constructed in ASME Code Section ill are used in evaluating
accordance with the ASME Boiler and Pressure faulted loading conditions indeper.dently of all
Venel Code Section 111. The shroud support other design and operating conoitions. Stresses
consists of the shroud support plate and the calculated on an clastle basis are evaluated in
shroud support cylinder and its legs. The accordance with F 1360.
reactor pressure vessel assembly components are
classified as an ASME Class 1. Complete stress 3.93.1.5 Recirrulation Pump Motor Pressurt
reports on these components are prepared in Boundary
accordauce with ASME Code requirements.
NUREG 0619 (Reference 5) is also considered for The motor casing of the recirculation inter-
feedwater nozzle and other such RPV inlet nozzle nal pump is a part of and welded into an RPV
design. nozzle and is constructed in accordance with the

requirements of an ASME Boiler and Pressure y gThe stress analysis is performed on the Vessel Code Section lil, Class I component. The n
reactor pressure vessel, vessel support skirt, motor cover is a part of the pump / motor assembly
and shroud support for various plant operating and is constructed as an ASME Class 1 compon-
conditions (including faulted conditions) by nent. These pumps are not required to operate
using the clastic methods except as noted in during the safe shutdown carthquake or after an
Subsection 3.9.1.4.2. Loading conditions, design accident,
stress limits, and methods of stress analysis for
the core support structures and other reactor 3.93.1.6 Standby Liquid Control (SLC) Tank
internals are discussed in Subsection 3.9.5.

The standby liquid control tank is con.
3.93.13 Main Steam (MS) Splem Piping situcted in accordance with the requirements of g

an ASME Boiler and Pressurc Vessel Code Section a

M|I
"

b The piping systems extending from the reactor Ill, Class 2 component.
pressure vessel to and including the outboard

| main steam isolation valve are constructed in ac. 3.93.1.7 RRS and HilR lleat Exchangers

s $ | cordance with the ASME Boiler and Pressure VesselCode Section III, Class 1 criteria. The rules The primary and secondary sides of the RRS
NA contained in Appendix F of ASME Code Section ill (reactor recirculation system) are constructed

are used in evaluating faulted loading conditions in accordance with the requirements of an ASME
| independently of other design and operating Boiler and Pressure Vessel Code Section lit, g

conditions. Stresses calculated on an elastic Class 1 and Class 2 component, respectively. 2
"

basis are evaluated in accordance with F 1360. The primary and secondary side of the RilR system
heat exchanger is constructed as an ASME Class 2
and Class 3 component respectively.

O
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3.93.1.8 RCIC Turbine equipment. AShtE iloiler and Pressure Vessel Code

(] Section 111 for Class 3 components is used as a
Although not under the jurisdiction of the guide in constructing the RWCU System pump and $'

AShiE Code, the RCIC turbine is designed and heat exchanger components. A

evaluated and fabricated following the basic
guidelines of AShtE Code Section 111 for Class 2 3.9.3.1.15 Puel Pool Cooling and Cleanup
components. System Pumps and llent Eschangers

3.93.1.9 ECCS Pumps The pumps and heat exchangers are constructed g
in accordance with the requirements for AShin a

$ The RilR, RCIC, and ilPCP pumps are constructed Boiler and Pressure Vessel Code Section III,
A in accordance with the requirements of an ash 1E Class 3 component.

Cod: Section Ill, Class 2 component.
3.9J.1.16 AShlE Class 2 and 3 Vessels

3.93.1.10 Standby Liquid Control (St.C) Pump

z The Class 2 and 3 vessels (all vessels not g
a The St.C system pump 15 constructed in previously discussed) are constructed in R" accordance with the requirements for ash 1E Code accordance with the ash 1E Doller and Pressure

Section 111, Class 2 component. Vessel Code Section 111. The stress analysis
of these vessels is performed using clastic

3.9.3.1.11 Standby Liquid Control (SLC) Vahe methods.
(Injection Yahe)

g 3.93.1.17 AShlE Class 2 and 3 Pumps
E The SLC system injection valve is constructed"

in accordance with the requirements for AShtE Code The Class 2 and 3 pumps (all pumps not fSection III, Class I component. previously discussed) are designed and eval. "

usted in accordance with the A thtE Doller and
3.9 3.1.12 hlain steam isolation and Pressure Vessel Code Section, Ill. The stress
Safety / Relief Valves analysis of these pumps is performed using

clastic methods. See Subsection 3.9.3.2 for
h The main steam tuation valves and SRVs are additional information on pump operability.
" constructed in accordance with ASME Doller and

Pressure Vessel Code Section 111, Subsection 3.93.1.18 ash 1E Class t,2 and 3 Valves
ND 3500, requirements for Class I component.

The Class 1,2, and 3 valves (all velves not 8
3.93a 13 Safety / Relief Vahe Piping previously discussed) are constructed in 0

accordance with the AshtE Doller and Pressure
The relief valve discharge piping extending Vessel Code Section 111.

from the relief valve discharge flange to the
| diaphram floor penetration is constructed in All valves and their extended structures are

accordance with AShtE Doller and Pressure Vessel designed to withstand the accelerations due to
Code Section lit, requirements for Class 3 scismic and other RBV loads. The attached
components. The relief valve discharge piping piping is supported so that these accelerations
extending from the diaphram floor penetration to are not exceeded. The stress analysis of these
the quenchers is constructed in accordance with vahes is performed using clastic methods. See
ash 1E Boiler and Pressure Vessel Code, Section Subsection 3.9.3.2 for additional information on
111, requirements for Class 2 components. valve operability.

3.93.1.11 Reactor Water Cleanup (RWCU) 3.93.1.19 AShlE Class 1,2 and 3 Piping
System Pump and llent Exchangers

The Class 1,2 and 3 piping (all piping not g
The RWCU pump and heat exchangers previously discussed) is constructed in accord- $

(regenerative and nonregenerative) are not puts
I of a safety system and are non Seismic Category I

Amendment 21 3A2t
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ance with the AShiE Doller and Pressure Vessel 3.93.2.1.1 Consideration of Imadit.g. h
Code Section 111. For Class 1 piping, for the Stress, and Acceleration Conditions in the
faulted plant condition, stresses are calculated Analysis
on an clastic b. isis and evaluated in accordance
with Appendix F of the Code. For Class 2 and 3 in orde: to avoid damage to the ECCS pumps
piping, strosses are calculated on an :lastic during the faulted plant condition, the stres-
basis and evaluated in accordance with NC/ND 3600 ses caused by the combination of normal ope-
of the Code, rating loads, SSE, other RDV loads, and dyna- |

mie system loads are limited to the material
3.93.2 Pump and Yahe Operability Assurance clastic limit. A three dimensional finite- l

elemcat model of the pump and associated motor
Active mechanical (with or without electrical (see Subsections 3.9.3.2.2 and 3.9.3.2.1.5 for

operation) equipment are Seismic Category I and RCIC pump and turbine, respectively) and its |
cach is designed to perform a mechanical rnotion support is developed and analyzed using the |

for its safety.related function during the life response spectrum and the dynamic analysis me- I
of the plant under postulated plant conditions. thod. The same is analyzed due to static noz. '

Equipment with faulted condito . functional zie loads, pump thrust loads, and dead |
requirements include active pumpe end valves in weight. Critical location stresses are com.

'

fluid systems such as the residua. seat removal pared with the allowable stresses and the cri. {
system, emergency core cooling system, and main tical location deflections with the allow-
steam system. ables; and accelerations are checked to eval-

unte operability. The average membranc stress
This Subsection discusses operability om for the faulted condition loads is

assurance of active ash 1E Code Section 111 pumps limited to 1.2S or approximately 0.75 oy
and valves, including motor, turbine or operator (oy = yleid stress), and the maximum
that is a part of the pump or valve (See stress in local fibers (om + bending stress &
Subsection 3.9.2.2). ob) is limited to 1.8S or approximately 1.1 W

o. The max imum faulted event nozzle
Safety related valves and pumps are qualified loads are also con sidered in an analysis of

by testing and analysis and by satisfying the the pump supports to assure that a system
stress and deformation criteria at the critical misalignment cannot occur.
locations within the pumps and valves..

Operability is assured by meeting the Performing these analyses with the
requirements of the programs defined in conservative loads stated and with the
Subsection 3.9.2.2, Section 3.10, Section 3.11 restrictive stress limits as allowables
and the following subsections, assures that critical parts of the pump and

associated motor or turbine will not be
Section 4.4 of GE's Environmental damaged during the faulted condition and that

Qualification Program (Reference 6) applies to the operability of the pump for post faulted
this subsection, and the seismic qualification condition operation will not be impaired.
methodology presented therein is applicable to
mechanical as well as electrical equipment. 3.93.2.1.2 Pump /htotor Operation During and

Following Dpamic Loading
3.93.2.1 ECCS Pumps, hintors and Turbine

Active ECCS pump / motor rotor combinations
Dynamic qualification of the ECCS (RIIR, RCIC are designed to rotate at a constant speed

and llPCF) pumps with motor or turbine assembly is under all conditions, hiotors are designed to
also described in Subsections 3.9.2.2.2.6 and withstand short periods of severe overload.
3.9.2.2.2.7. The high rotary inertia in the operating pump

9
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3.9.3.4 Component Support. correspond to those used for desip of the sup.

O ported pipe. The component loading
The design of bolts for component supports combinations are discussed in Subsection

is specified in the ASME Code Section 111, 19.3.1. The stress limits are per ASME 111,
Subsection NF. Stress limits for bolts are given Subsection NF and Appendix F. S9pports are
in NF 3225. The rules and stress limits which generally designed either by load rating
must be satisfied are those given in NF 3324.6 method per paragraph NF 3260 or by the stress
multiplied by the appropriate stress limit factor limits for linear supports per paragraph
for the particular service loading level and NF 3231. The critical buckling loads for the
stress category specified in Table NF 322$.21. Class 1 piping supports subjected to faulted

loads that are more severe than normal, upset
htoreover, on equipment which is to be, or and emergency loads, are determined by using

may be, mounted on a concrete support, sufficient the methods discussed in Appendices F and XVil
holes for anchor bolts are provided to limit the of the Code. To avoid buckling in the piping
anchor bolt stress to less aan 10,000 psi on the supports, the allowable loads are limited to
nominal bolt area in shear or tension. two thirds of the determined critical buckling

loads.
Concrete anchor bolts which are used for

pipe support base plates will be designed to the The design of all supports for non nuclear
applicable factors of safety which are defined in piping satisfies the requirements of ANSI
l&E Dulletin 79 02, ' Pipe Support Base Plate B31.1 Paragraphs 120 and 121.
Designs Using Concrete Expansion Anchor 110115,*
Revision 1 dated June 21,1979. For the major active valves identified in

Subsection 3.9.3.2.4, the valve operators are
3.9.3.4.1 Piping not used as attachment points for piping

supports.
Supports and their attachments for essential

AShtE Code Section 111, Class 1,2, and 3 piping The design criteria and dynamic testing re-
are designed in accordance with Subsection NF* up quirements for the ASMF.111 piping supports
to the inteiface of the building structure. The are as follows:
building structure component suppotts are de-
signed in accordance with ANSI /AISC N690, Nucicar (1) Piping Supports All pipi supports are
Facilities Steel Safety Related Structures for designed, fabricated, e "embled so
Design, Fabrication and Erection or AISC that they cannot become igaged by the
specification for the Design, Fabrication, and movement of the suppo, ed pipe of
Erection of Structural Steel for buildings. equipment after they have been installed.

All piping supports are designed in
accordance with the rules of Subsection NF
of the ASME Code up to the building
structure interface as defined in the
project design specifications.

' Augmented by the following: (1) application of
Code Case N-476, Supplement 89.1 which governs (2) Spring llangers The operating load on
the design of single angle members of ASME Class spring hangers is the load caused by dead
1,2,3 and MC linear component supports; and (2) weight. The hangers are calibrated to en-
when eccentric loads or other torsionalloads are sure that thcy support the operating load
not accommodated by designing the load to act at both their hot and cold load settings.
through the shear center or meet "Stendard for Spring hangers provide a specified down
Steel Support Design *, analyses will be performed travel and up travel in excess of the
in accordance with torsional analysis methods specified thermal movement,
such as: " Torsional Analysis of Sicel Mcmbers,
USS Steel Manual *, Publication T114-2/83.

Amendment 21 3.9-31
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(3) Snubbers The operating loads on snubbers
are the loads caused by dynamic events 3
(e.g., scismic, RilV due to LOCA and SRV dis. W
charge, discharge through a relief valve
line or valve closure) during various
operating conditions. Snubbers restrain
piping against response to the vibratory
excitatio* and to the associated differen-
tial movement of tbc piping system support
anchor points. The criteria for locating
snubbers and ensuring adequate load
capacity, the structural and mechanical
performance parameters used for srabbers and
the installation and inspection cons. der-
ations for the snubbers are as follows:

(a) Required inad Capacity and Snubh:r loca.
tion

The entire piping system including
valves and support system between an-
chor points is mathematically modcU
for complete piping structural
analysis. In the dynamic analysis,
the snubbers are modeled as a spring
with a given spring stiffness depending
on the snubber sire. The analysis
determines the forces and moments acting g
on cach piping components and the forces
acting on the snubbers due to all
dynamic loadin, and operating conditions
defined in t he piping design
specification. The forces on saub.
bets are operating loads for various .

operating conditions. The calculated
loads cannot exceed the snubber design
load capacity for various operating
conditions, i.e., design, normal, upset,
emergency and faulted.

: O
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Subsection 3.9.2.5. Dynamic analysis is per- 3.9.5.33 Design leadlug Categories -

O tormed by coupling tne lumped-mass model of the
reactor vessel and internals with the buildi g The basis for determining faulted dyn=c.L
model to determine the system natural frequencies event loads on the reactor internals is shown in
and node shapes. The relative displacement, _ Sections _ 3.7, 3.8 and Subsections 3.9.2.5,
acceleration, and load response is then deter- 3.9.5.2.3 and 3.9.5.2.4. ' Table 3.9 2 s!,ows the
'nined by either the time history method or the load combinations used in the analysis,
response spectrum method.

Core support structures and safety class
3.9.5.3 Design Bases internals stress limits are consistent with

ASME Code Section III, Subsection NG. For
.

3.9.5.3.1 Safety Design Bases these components, Level A, B, C, and D service
limits are applied to the normal, upset,

; The reactor internals including core support emergency, and faulted loading conditions,
structures shall meet the following safety design - respectively, as defined-in the _ design'

i bases: specification. Stress intensity and other
i design limits are discussed in Subsections
j (1) The reactor vessel nozzles and internals 3.9.5.3.5 and M.S.3.6

shall-be so arranged as to provide a
_ _

4

i floodable ulume la which the core can be 3.9.53.4 Response orinternals Doe to Steam
adequately cooled in the event of a breach Line Brok Accident -,

'~ in the nuclear system process barrier
i external to the reactor vessel; As described in Sub; etion 3.9.5.2.3.2, the
! maximum pressure loads acting on the reactor
! (2) Deformation of internals shall be limited to internal components result from~ steam line break
j assure _that the control rods and core upstream of the main steam isolation valve and,
; A standby cooling systems can perform their on some components, the loads are greatest with
| V safety related functions; and operation at the minimum power associated with

the mnimum cor: flow (Tcb!c 3.9 3, Cass 2).1

I (3) Mechanical design of applicable structures. This has been substantiated by the analytical
; shall assi:re that safety design bases (1) comparison of liquid versus steam line breaks

and (2) are satisfied so that the safe and by the investigation of the effects of core
shutdown of the plant and removal of decay power and core flow.'

( heat are not impaired,
j It has also been pointed out that, although
'

3.9.53.2 Power Generation Design Bases possible, it is not probable that the reactor .
would be operating at the rather abnormal-

The reactor internals including core support condition of minimum power and maximum core .i
structures shall be designed to the following flow. _ More realistically, the reactor would be i

power generation design bases: at or near a full power condition and thus the
maximum pressure loads acting on the internal

(1) The internals shall provide the proper components would be as listed under Case 1 in
coolant distribution during all r .. %d Table 3,9 3.
normal operating conditions to J931 n .r-
operation of the core without fuel ris ge; 33.53.5 Stress and Fatigue Lirsts for Core

Support Structures
(2) The internals shall be arranged to

f acilitate refueling operations; and The design and fonstruction of the core.
support t!ructures are in accordance _with ASME-

(3) The internals-shall be designed to Code Section Ill, Subsection NG.
|facilitate inspection. !

O i
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3.9.5.3.6 Stress, Deformation,and Fatigue 3.9.6 Inservice Testing of Punips and Valves
Limits for Safety Class and Other Reactor ' g*

| Internals (Except Core Support Structures) , inservice testing of safety related pumps and j

| valves will be performed in accordance with the A-

! For safety class reactor internals,'the stress requirements of Section XI, Subsecdon IWP and
deformation and fatigue criteria listed in bbles IWV, of the ASME Code. Table 3.9 8 lists the! i

3.0 4 through 3.9 7 are based on the criteria inservice testing parameters and frequencies for
established in applicable codes and standards for the safety related pumps and valves. Valves

.

similar equipment, by manufacturers standards, or having a containment isolation function are also!

by empirical methods based on field experience ' noted in the listing. Code testing flexibility
(minimum - in the ASME/ ANSI O&M Part 6 for pumps and Part

and testing. For the quantity SF,g, tables, thesafety factor) appearing in those 10 for valves _ produced no need for relief
; following values are used: requests. - A review of field experience for ,

i typical BWR testing problems also showed the ,

? Service - Service Code encompassed common relief requests.gp ;

! Lg.nl Condition i.. min Inservice inspection is discussed in Subsection
I 5.2.4 and Section 6.6.
: A Norwl 2.25

| B Upsei 2.25 Deta'ils~of the inservice testing program,
C Emergency 1.5 including test schedules and frequencies will be

| D Faulted 1.125. reported in the inservice inspection and testing -
plan which will be provided by the applicant

Components inside the reactor pressure vessel referencing the ABWR design. The plan will
such as control rods which must move during integrate the applicable test requirements for -

" accident condition have been examic d to safety-related pumps and valves including those
determine if adequate clearances exist during- listed in the technical specifications, Chapter -
emergency and faulted conditions. No mechanical 16, and the containment-isolation valves.
clearance problems have been identified. The Subsection 6.2.4 An example is the periodic =

forciag functions applicable to the reactor leak testing of the reactor coolant pressure,

; inMmsts arc discussed le Subsectier 3.9.2.5. isolation valves in Table 3.9 9 will b'e ah
,

performed in accordance with Chapter 16 MA
i The design criteria, loading conditions, and Surveillance Requirement 3.6.1.5.10. _ This plan

analyses ti n nrovide the besis for the design of - will include baseline pre service testing to
'he safet / c' ? actor internals other than the support the periodic in service testing of thes

tures meet the guidelines of components. Depending on the test results, the! core suriv i >

.

NG 3r N Mm$ constrzeted so as not to plan will provide a commitment to disasserable.

' advers A ore o the ina rity of the core and inspect the safety related pumps and valves
'

support wo m.s (NG 1122). when limits of Subsection IWP or IWV are
exceeded,as: described in the following

The den equirements for equipment paragrapls. The primary elements of this plan,
classified as non safety (other) class internals including the requirements of Generic Letter

,

(e.g., steam dryers and shroud heads) are 8910 for motor operated valves, are delineated
,

specified with apf ropriate consideration of the in the subsections to follow. . (See Subsection -
intended service of the equipment and expected 3.9.7.3 for COL license information
plant and environmental conditions under which it requirements).
will operate. Where Code design requirements are<

not applicable, accepted industry or engineering 3.9.6.1 Inservice Testing of Safety Related<

practices are used. Pumps

*

The ABWR safety-related pumps and piping 3
configurations accommodate inservice testing at A

a flow rate at least as large as the maximum
design flow for the pump. In addition, the

O
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sizing of each minimum recirculation flow path is experience. (See Subsection 3.9.7.3(1) for COL '
_

evaluated to assure that its use under all license information requirements.)
: analyzed conditions will not result in -
! degradation of the pump. The flow rate through ~ 3.9.6.2.2 Motor Operated Valves

{ minimum recirculation flow paths can also be
.. . . . _

1 periodically measured to verify that flow is in - . The motor operated valve (MOV) equipment
accordance with the design specification. _ s'pecifications require the incorporation of the

results of either in situ or prototype testing-
The safety related pumps are provided with with full flow and pre sure or full differential

instrumentation to verify that the net positive pressure to verify the proper sizing and correct4

suction head (NPSH) is greater than or equal to. switch settings of the_ valves. Guidelines to-'

the NPSH required during all modes of pump - justify prototype testing are contained in |.operation. These pumps can be disassembled for . Generic _ Letter 8910, Supplement 1, Questions 22
evaluation when the Code Section XI testing and 24 through 28. The applicant referencing _,

| results in a deviation which falls within the the ABWR' design will provide a: study to
" required-action range." The Code provides determine the optimal frequency for valve
criteria limits'for the test parameters stroking during in service testing such that
identified in Table 3.9 8. . A program will be ' unnecessary testing and damage is not done to

. developed by the applicant referencing the ABWR. the valve as a result of the testing. (See*

i design to establish the frequency and the extent Subsection 3.9.7.3 for COL license information
of disassembly'and inspection based on suspected iequirements).
degradation of all safety related pumps,

. . _.

.

including the basis for the frequency and the: = The concerns and issues identified in
extent of each disassembly. The program may be . Generic Letter 8910 for MOVs will be 6,ddressed

,

revised throughout the plant life to minimize prior to plant startup. The method of assessing -
disassembly based on past disassembly - the loads, the method of sizing the actuators, __
experience, (See Subsection 3.9.7.3(1) for COL' and the' setting of the torque and limit switches

O ii > i rer- tie <=a ir - ' .) -iiide P ciriciir aa a.<s s#6 tie-
3.9.7.3- for CO L license inf orm a tion'

3.9.6.2 Inservice Testing of Safety Related requlrements).
Valves

The in-service testing of MOVs will rely on
J.9.6.2.1 Check Valves - diagnostic techniques that are consistent with |

'the state of the art and which will permit an
All ABWR safety related piping systems assessment of the performance of the valve under

; incorporate provisions for testing to demonstrete actual-loading. = Periodic testing will be
the operability of the check valves under design conducted under adequate differential pressure;
conditions, in service testing will incorporate and flow conditions that ' allow a justifiabler

|. the use of advance non-intrusive techniques to demonstration of continuing MOV capability for
per!odically assess degradation and the dwgn basis conditions, including recovery from
performance characteristics of the~ check valves. inadvertent valve positioning. MOVs that fail
The Code Section XI tests will be performed, and the_ acceptance criteria, and are " declared,

| check valves that fail to exhibit the required - inoperable,i for stroke tests and leakage rate-
L performance can be disassembled for evaluation. can be disassembled for evalualian. The Code

The Code provides criteria limits for the test _provides criteria limits for the test parameters
parameters identified in Tabic 3.9 8. A program identified in Table 3.9 8. : A program will be
will be developed by the applicant referencing developed by the applicant referencing the ABWR'
the ABWR design to establish the frequency and - | design to encblish the frequency and the extent'

the extent of disassembly and inspection based on 'of disassemuf and inspection based on suspected.
suspected-degradation of all safety related : -degradation _of all safety related _"MOV's",

_ pumps, including the basis for the frequency.and ' including the basis for the frequency ~and the
'

~ the extent of each disassembly. The program may : extent of each _ disassembly. Tbc program may_be.
- . be revised throughout the plant life to minimize revised throughout the plant life to minimize

i : disassembly based on past disassembly disassembly based on past disassembly exper.
_

Amendment 2t .3.9411
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|ience. (See Subsection 3.9.7.3(1) for COL
, license information requirements.)

3.9.6.2.3 Isolation Valve leak Tests

The leak-tight integrity will be verified
for each valve relied upon to provide a
leak tight function. These valves include:

(1) pressure isolation valves - valves that
provide isolation of pressure differential
from one part of a system from another or
between systems;

(2) temperature isolation valves valves whose
leakage may cause unacceptable thermal
loading on supports or stratification in the
piping and thermal loading on supports or
whose leakage may cause steam binding of
pumps; and

(3) containment isolation valves - valves that
perform a containment isolation function in
accordance with the Evaluation Against
Criterion 54, Subsection 3.1.2.5.5.2,

including valves that may be exempted from
Appendix J, Type C, testing but whose
leakage may cause loss of suppression pool g

,

water inventory.

Leakage rate testing of valves will be in
accordance with the Coele Sect on XI. An example
is the fusible plug valves that provide a lower
drywell flood for severe accidents described in
Subsection 9.5.12. The valves are safety-related
Aue to the function of retaining suppression pool
water as shown in Figure 9.5-3. These special
valves are noted here and not in Table 3.9-8.
The fusible plug valve is a nonreclosing pressure
relief device and the Code requires replacement
of each at a maximum of 5 year intervals.

O'
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| 3.9.7 COL License Information 3.9.7.3 Pump and Valve Insenice Testing

O Program
3.9.7.1 Reactor Internals Vibration Analysis,

detailed pump and valve inservice testing and |
COL applicants will provide a plan for theMeasurement and Inspection Program

| The first COL applicant will provide, at the inspection program. This plan will
time of application, the results of the vibration
assessment program Ior the ABWR prototype (1) include baseline pre service testing to
internals. These results will include the support the periodic in service testing of
following information specified in Regulatory the components required by technical
Guide 1.20. specifications. Provisions are included to

disassemble and inspect the pump, check
R. G.1.20 hbjgs.t valve,J, and MOVs withia the Code and

safety-related classification as necessary,
C.2.1 Vibration Analysis depending on test results. (See Subsections

Program 3.9.6, 3.9.6.1, 3.9.6.2.1 and 3.9.6.2.2)'

C.2.2 Vibration Measurement
Program (2) Provide a study to determine the optimal

C.2.3 inspection Program frequency for valve stroking during
C.2.4 Documentation of inservice testing. (See Subsection

Results 3.9.6.2.2)
i

NRC review and approval of the above (3) Addrets the concerns and issues identified
| information on the first COL applicants docket in Generic Letter 8910; specifically the

will complete the vibration assessment program method of assessment of the loads, the
requirements for prototype reactor internals. method of sizing the actuators, and the

setting of the torque and limit switches.
In addition to the information tabulated (See Subsection 3.9.6.2.2)

| above, the first COL applicant will provide the
information on the u.hedules in 5ccordance with 3.9.7A Audit of Design Specification and
the applicable portions of position C.3 of Design Reports
Regulatory Guide 1.20 for non-prototype
internals. COL applicants will make available to the |

NRC staff design specification and design
| Subsequent COL applicants need only provide reports required by ASME Code for vessels,

the information on the schedules in accordance pumps, valves and piping systems for the purpose
'

with the applicable portions of position C.3 of of audit. (See Subsection 3.9.3.1)
Regulatory Guide 1.20 for non prototype
internals. (See Subsection 3.9.2.4 for interface 3.9.8 References
requirements).

1. BlVR Fuel Channel Mechanical Design and
3.9.7.2 ASME Class 2 or 3 or Quality Group Deflection, NEDE-21354-P, September 1976.e

Components with 60 Year Design Life
2. BlVR/6 Fuel Assembly Evaluation of Combined

| COL applicants will identify ASME Class 2 or Safe Shutdown Earthquake (SSE) and
3 or Quality Group D components that are Loss-of-Coolant Accident (LOCA) Loadings,
subjected to loadings which could result in NEDE-21175-P, November 1976.
thermal or dynamic fatigue and provide the
analyses required by the ASME Code, Subsection 3. NEDE-24057-P (Class III) and NEDE 24057
NB. These analyses will include the appropriate (Class I) Assessment of Reactor Internals.
operating vibration loads and for the effects of Vibration in BWR/4 cud BWR/5 Plants,
mixing hot and cold fluids. (See Subsection
3.9.3.1.

h
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I Table 3.91

PLANT EVENTS

{ A. Plant Operating Events
e ,

ASME Code .
Servi "' #

liO)
'

Limit Pents(1)
.

1. Boltup (l) A 68

2. Hydrostatic Test (two test cycles for each
boltup cycle) . Testing 135-

3. Startup (100 F/hr Hcatup Rate)(2) A 390

4. Daily and Weekly Reduction to 50% Power (1) A 18,000

5. Control Rod Pattern Change (1) A 6003_

6. Loss of Feedwater Heaters B 120

7. Scram:

a. Turbine Generator Trip, Feedwater On, - B .. 188.
and Other Scrams

0- b. Loss of Feedwater Flow, :B 209
less of Auxi'Jary Power

c. Turbine Bypass, Single Safety or Relief- B 12
Valve Blowdown

8. - Reduction to 0% Power, Hot Standby, Shutdown A 378;

(100 F/hr Cooldown Rate)(2)

9. Refueling Shutdown with Head Spray and Unbolt (1) A 68 :

10. Scram:

a. Reactor Overpressure with Delayed Scram C 1(3)
(Anticipated Transient Without Scram,
ATWS)

b. Automatic Blowdown C- _1(3)

IL Improper or Sudden Start of Recirculation . .C' 1(3)
|L Pump with Cold Bottom Head or Hot Standby -

Drain Shut Off- Pump Restart -

:0;
Amendent 2t 3.9-46
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' Table 3.91

! PLANT EVENTS

_

B. Dynamic Leading Events (0)

<

! ASME Code' No. of -

I''"IINO) Emula )
:

j Limit

i
12. Operating Basis Earthquake (OBE) Event at B 10 Cycles (4) ~;

Rated Power Operating Conditions'

j 13. Safe Shutdown Earthquake (SSE) (5) at Rated D(9) 1(3) Cycle .

j Power Operating Conditions

} 14. Turbine Stop Valve Full Closure (TSVC)(6) B 990

j- During Event 7a and Testing Cycles

) 15. Safety Relief Valve (SRV) Actuation (One, B 3% |
! Two Adjacent, All or Automatic Depressuri. Events (7)

| zation System) During Event 7a and 7b

!

! 16. l.oss of Coolant Accident (LOCA)

. Small Break LOCA (SDL) D(9). 1(3)
{.

-

j intermediate Break LOCA (IBL) . D(9) 1(3)
-

,

y -.

j Large Break LOCA (LDL) D(9) 1(3)

| NOTES
i
'

(1) Some events apply to reactor pressure vessel (RPV) only. -_The number of events / cycles-

| applies to RPV as an example.

_

(2) Bulk average vessel coolant temperature change in any one hour period.
1 .

{. (3) Theynnual encounter probability of a single event is <10 2 for a Level C event and ~
<10 for a Level D event. See Subsection 3.9.3.1.1.5.

4

(4) 50 peak OBE cycles for piping 10 peak OBE cycles for other equipment and componen:a.,

! (5) . One stress or load reversal cycle of maximum amplitude.
1

$
E

d
--

~ 39'47Amendment 21
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Table 3.91
im
U PLANT EVENTS

B. Dynamic Loading Events

(Continued)

NOTFS

(6) Applicable to main steam piping system only.

(7) The number of reactor building vibratory load cycles on the reactor vessel and internal components
is 29,400 cycles of varying amplitude during the 396 events of safety / relief valve actuation. |

'

+
(8) Table 3.9-2 shows the evaluation basis combination of these dynamic loadings.

(9) Appendix F or other appropriate requirements of the ASME Code are used to determine the senice
Level D limits, as described in Subsection 3.9.1A.

(10) These ASME Code Senice Limits apply to ASME Code Class 1,2 and 3 components, component supports
and Class CS structures. Different limits apply to Class MC and CC containment vessels and
components, as discussed in Section 3.8.

OO

V,.

Amendment 21 3.948
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Table 3.9 2 h.
LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETWREIATED,

ASME CODE CIASS 1,2 AND 3 COMPONENTS, COMPONENT
SUPPORTS, AND CIASS CS STRUCTURES

Service Loadlng ASME
Plant Event Combination (1).(8).(41 Service level (2)

1. Normal Opera' ion (NO) N A

2. Plant / System Operating (a) N + TSVC B(5)
Transients (SOT) (b) N + SRV(s) B(s)

$
n

3. NO + OBE N + OBE B(5)

4. SOT + OBE (a) N + TSVC + OBE B(s)
(b) N + SRV(8) + OBE B(5)

5. Infrequent Operating N(10) + SRV(s) C(5),(s),(t o)
Transient (10T), ADVS

6. SBL N + SRV (*) + SBL(11) C(5),(s)

7. SBL or IBL + SSE N + SBL(or IBL)(11) D(5),(*),(7)
+ SSE + SRV(8)

8. LBL + SSE N + LBL (11) + SSE D(5),(s),(t)

9. NLF N + SRV (8) + TSVC(12) D(6) 7
si

NOTFS "

(1) See Legend on the following pages for definition of terms. See Table 3.9-1 for plant events
and cycles information.

The service loading combination also applies to Seismic Category I Instrumentation and
electrical equipment (See Section 3.10).

(2) The service levels are as defined in appropriate subsection of ASME Section Ill, Division 1.

(3) For vessels and pumps, loads induced by the attached piping are included as identified in
their design specification.

For piping systems, water (steam) hammer loads are included as identified in their design
specification.

(4) The method of combination of the loads is in accordance with NUREG-0484, Revision 1.

(5) For active Class 1,2 or 3 valves, the design pressure is specified equal to or greater than h
the pressure for which the valve must operate (open or close)

Amendment 9 3.9-49
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Table 3.9 2
t'

- LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAF3TY-RELATED,

!.
ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPONENT

SUPPORTS, AND CLASS CS STRUCTURES
(Continued)

LOAD DEFINITION LEGEND:

Annulus pressurization (AP) loads due to a postulated line break in the annulusLOCA -

7 region between the RPV and shieldwall. Vessel depressurization loads on reactor -
internals (see Subsection 3.9.2.5) and other loads due to reactor blowdown reaction
and jet impingement and pipe whip restralat reaction fram the broken pipe are
include,d with the AP loads.,

Loads induced by small break LOCA (see Subsections 3.9.3.1.1.3 and 3.9.3.1.1.4); theSBL -

loads are: LOCA (a), LOCA and LOCA ' ** I"( }'; 3 4 6

Loads induced by intermediate break LOCA (see Subsection 3.9.3.1.1.4); the loads are:IBL -

and LOCA . See Note (11).LOCA (a) or LOCA b)' ^4, LOCAS 63 3
>

Loads induced by large break LOCA (see Subsection 3.9.3.1.1.4); the loads are:LUL -

LOCA thcough LOCA . See Note (11).
3 7

O
; V

;

5

4

1

W

4

O
Amendment 21 3.9-52
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Table 3.9 3

O.PRESSURE DIFFERENTIAIS ACROSS REACTOR VESSEL INTERNAIS

Maximum Pressure .
Differences Occurring -
During a Steam

Reactor Component (3) 1.Inc Break (nsid)

Case 1(1) .Cee 2(2)

1. Core plate and guide tube . 26.7 23.5

2. Shroud support ring and lower shroud 35.1 37.8 -
(beneath the core plate)

3. Shroud head (at marked elevation) 11 3 21.7

4. Upper shroud (just below top guide) 13.1 22.1

5. Core averaged power fuel bundle (bulge 14.2 13.0

at bottom of bundle)

5. Core averaged power fuel bundle (collapse 11.8 11.5
at bottom of top guide)

6. Maximum power fuel bundle (bulge at bottom of bundle) - 16.2 - 14.0

7. Top guide 6.2 9.4

8. Steam Dryer 6.9 -10.8

Shroud head to water level, 13.4 - 23.2-

from points (a) to (b), irreversible
pressure drop

Shroud head to water level, - 1.5 2.2-

from points (a) to (b), elevation
pressure drop

"
NOTES:

(1) Instantaneous break initiated at 102% rated core power,
.102.4% rated steam flow, and 111.1% rated recirculation flow.

(2) - Instantaneous break initiated at 54.5% rated core power,49.8% rated
steam flow, and 114.8% rated recirculation flow.

(3) Item numbers in this column correspond to the loation (node)
numbers identified in Figure 3.9-5.

O

Amendment 1 - ' 19-53
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3.11 ENVIRONMENTAL QUALIFICATION 3.11.1 Equipnient Identification and

Q OF SAFETY RELATED MECHANICAL Environmental Conditions
AND ELECI'RICAL EQUIPMENT

Safety related electrical equipment within
This section defines the environmental the scope of this section includes all three

conditions with respect to limiting design categories of 10CFR50.49(b) (Reference 1),
conditions for all the safety related mechanical Safety related mechanical equipment (e.g.,
and electrical equipment, and documents the pumps, motor operated valves, safety relief
qualification methods and procedures employed to valves, and check valves) are as defined and
demonstrate the capability of this equipment to identified in Section 3.2. Electrical and
perform safety-related functions when exposed to mechanical equipment safety classifications are
the environmental conditions in their respective further defined on the system design drawings.
locations. The safety related equipment within
the scope of this section are defined in Sub- Safety related equipment located in a harsh
s e c t io n 3.11.1. Dynamic qual 8fication is environment must perform its proper safety
addressed in Sections 3.9 and 3.10 for Seismic functica during normal, abnormal, test, design
Category I mechanical and electrical equipment, basis accident and post a:cident environments as
respectively, applicable. A list of all safety related elec. )

trical and mechanical equipment that is located
'

Limiting design conditions include the in a harsh environment area will be incicded in
following: the En vironmental Qualification Document (EOD)

to be prepared as mentioned in Subsection
(1) Normal Operating Conditions. planned, 3.11.6.

purposeful, unrestricted reactor operating -

modes including startup, power range, hot Environmental conditions for the zones where
standby (condenser available), shutdown, and safety related equipment is located are cal-
refueling modes; culated for normal, abnormal, test, accident and

O rest ccia i ce eiiie n a aec - >ea i-
(2) Abnormal Operating Conditions any Appendix 31, Equipment Qualification Environ-

deviation from normal conditions anticipated mental Design Criteria (EOEDC). Environmental
to occur often enough that the design should conditions are tabulated by zones, contained in
include a capability to withstand the con- the referenced building arrangements. Typical
ditions without operational impairment; equipment in the noted zones is shown in the

referenced system P&lD and IED design drawings.
(3) Test Conditions - planned testing including

pre-operational tests; Occurences of anticipated abnormal operating
conditions are similar to tt st conditions-and

(4) Accident Conditions - a single event not their significant environments are comparable.
reasonably expected during the course of
plant operation that has been hypothesized - Environmental parameters include temperature,
for analysis purposes or postulated from pressure, relative humidity, and neutron dose
unlikely but possible situations or that has rate and integrated dose. Radiation dose for.

the potential to cause a release of radio- gamma snd beta data for both normal and accident
active material (a reactor coolant pressure conditions will be provided by applicant refer-
boundary rupture may qualify as an accident; encing the ABWR design in accordance with the
a fuel cladding defect does not); and interface requirements in Subsection'12.2.3.1

The radiation requirements are site specific
(5) Post Accident Conditions - during the length documentation owing to the need to model

of time the equipment must perform its specific equipment which is applicant deter-
safety-related function and must remain in a mined, the HVAC detailed medeling and the-
safe mode after the safety related function evolving considerations in the area of accident
is performed. source terms are expected to generate signifi-

cantly differing radiation reguirments Where.O
Amendment 21 3.11-1
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applicable, these parameters are given in terms Estimated chemical environmental conditions are -
of a time based profile, also reported is Appendix 31.

The magnitude and 60-yest frequency of occut- ' 3.11.2 Qualification Tests and Analyses
rence of significant deviations from normal plant

,

environments in the zones have insignif. leant Safety related electrical equipment that is-

effects on equipment total thermal normal aging located in_a harsh; environment is qualified by
or accident aging. Abnormal conditions are test or other methods as described in IEEE 323
overshadowed by the normal or accident conditions
in the Appendix 31 tables.

Margin is defined as the difference between the
most severe specified service conditions of the
plant and the conditions used for qualification.
Margins shall be included in the qualification
parameters to account for normal variations in
commercial production of equipment and reasonable
errors in defining satisfactory performance. The

| environmental conditions shown in the Appendix 31
tables do not include margins.

Some mechanical and electrical equipment may 1

be required by the design to perform an intended -
safety function between munutes of the occurrence
of the event but less than 10 hours into the
event. Such equipement shall be shown to remain
functional in the accident environment for a
period of at least I houre in exces of the time g'
assumed in the accident anylysis unless a time
margin of less than 1 hour can be justified.
Such justification willinclude for each piece of
equipment: (1) consideration of a spectrum of
breaks; (2) the potential need for the equipment !

later in the event or during recovery operations;
(3) detemination that failure of the equipment
after performance of its safety function _will not
be detrimental to plant safety or mislead the-

,

operator; and (5) determination that the margin
applied to the minimum operability time, when
combined with other test margins, will account
for the uncertainties accociated with the use of
analytical techniques _ in the derivation of
environmental parameters, thL number of units

_

tested, production' tolerances, and test equipment
inaccuracies

The environmental conditions shown in the,
Appendix 31 tables are upper bound envelopes used j

'

to establish the environmental design and quall .
fication bases of safety related equipment. The
upper bound envelopes indicate that the zone data -
reflects the worse case expected environment
produced by a compendium of accident conditions.

-

_

Amendment 2t 3.11 1.1
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and permitted by 10CFR50.49(f) (Reference 1), 3.11.3 Qualification Test Results

O Equipment type test is the preferred method of
qualification. The results of qualification tests- for

safety related equipment will be documented,
Safety related mechanical equipment that is maintained, and reported .it mentioned in

located in a harsh environment is qualified by Subsection 3.11.6.
analysis of materials data which are generally
based on test and operating experience. 3.11.4 Loss of Heating, Ventilating; and Air

Conditioning
The qualification methodology is described in

detail in the NRC approved licensing Topical To ensure that loss of heating, ventilating,
Report on GE's environmental qualification and air conditioning (HVAC) system does not
program (Reference 2). This report also add. adversely affect the operability of safety-
resser compliance with the applicable portions of related controls and electrical equipment in-
the General Design Criteria of 10CFR50, Appendix buildings and areas served by safety related
A, and the Quality Assurance Criteria of 10CFR50, HVAC systems, the HVAC systems serving these
Appendix B. Additionally, the report describes areas meet the single failure criterion.
conformance to NUREG 0588 (Reference 3), and Section 9.4 describes the ssfety related HVAC
Regulatory Guides and IEEE Standards referenced systems including the detailed safety evalu-
in Section 3.11 of NUREG 0800 (Standard Review ations. The loss of ventilation calculations
Plan), are based on maximum heat loads and consider

operation of all operable equipment regardless
Mild environment is that which, during or of safety classification,

after a design basis event (DBE, as defined in
Reference 2), would at no time be significantly 3.11.5 Estimated Chemical and Radiation
more severe than that which edsts during normal, Environment
test and abnormal events.

- Equipment located in the containment drywell
and wetwell is potentially subject to water

-

-spray modes of the RHR system. In addition,
equipment in the lower portions of the contain-
ment is potentially subject to submergence. The
chemical composition and resulting pH to which
safety related equipment is exposed during
normal operation and design basis accident
conditions is reported in Appendix 31.

Sampling stations are provided for periodic
The vendors of equipment iocated in a mild analysis of reactor water, refueling and fuel

environment are required to submit a certificate storage pool water, and suppression pool water
of compliance certifying that the equipment has to assure compliance with operational limits of
been qualified to assure its required safety- the plant technical specifications,

-

related function in its applicable environment.
This equipment is qualified for dynamic loads as 3.115.2 Radiation Environment
addressed in Sections 3.9 and 3.10.' Further, a

- surveillance and maintenance program will be - Safety related systems and components are
developed to ensure equipment operability during designed to perform their safety related
its designed life, function when exposed to the normal operational-

radiation levels and accident radiation levels.

O
Amendmen 21 - 1 11-2
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The normal operational exposure is based on the (3) Interim Staff Position on Environmental
radiation sources provided in Chapter 12. Qualification of Safety Related Electrical g

Equipment, NUREG 0588.
Radiation sources associated with the DBA and

developed in accordance with NUREG 0588
(Reference 3) are provided in Chapter 15.

Integrated doses associated with normal plant
operation and the design basis accident condition
for various plant compartments are described in
Appendix 31.

| 3.11.6 COL License Information

3.11.6.1 Environmental QuallGcation Document

The EOD shall be prepared summarizing the
qualification results for all safety-related
equipment. The EOD shall include the following:

(1) The test environmental parameters and the
methodole;y used to qualify the equipment
located in harsh environments shall be
identified.

9
(2) A summary of environmental conditions and

qualified conditions fc,r the safety related
equipment located in a harsh environment
zone shall be presented in the system com-
ponent evaluation work (SCEW) sheets as
described in Table 11 of GE's environmental
qualification program (Reference 2). The
SCEW sheets shall be compiled in the EOD.

3.11.6.2 Environmental Quallneation Records

The results of the qualification tests shall
be recorded and maintaired in an auditable file.

3.11.7 References

(1) Code of Federal Regulations, Title 10,
Chapter 1, Part 50, Paragraph 50.49,
Environmental Qualification of Electric
Equipment important to Safety for Nuclear
Power Plant.

(2) General Electric Environmental Qualification
Program,NEDE-243261 P, Proprietary
Document, January 1983.

O
Amendment 21 3.11-3
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APPENDIX 3D
GU TABLE OF CONTENTS -

Section 11tte Eage

3D COMPUTER PROGRAMS USED IN THE DESIGN
OF COMPONENTS, EQUIPMENT, AND
STRUCTURES

3D.1 INTRODUCTION 3D.1 1

3D.2 FINE MOTION CONTRQL ROD DRIVE 3D.2-1

3D.2.1 Fine Motion Control Rod Drive--FMCRD01 3D.21

3D.2.2 Structure Analysis Programs 3D.21

303 REACTOR VESSEL AND INTERNALS 3D3-1_

3D.4 PIPING 3D.4-1

3D.4.1 Piping Analysis Program--PISYS 3D.4-1

3D.4.2 Component Analysis--ANSI 7 3D.4-1

O 2o.42 ^< nire - <-soz^n 30.4-2

3D.4.4 Dpamie Forcing Functions 3D.41

3D.4.4.1 Relief Valve Discharge Pipe Forces
Computer Program-RVFOR 3D.4-1

3D.4.4.2 Turbine Stop Valve Closure-TSFOR 3D.4-1

3D.4.5 Response Spectra Generation 3D.4-1

3D.4.5.1 ERSIN Computer Program 3D.4-1

3D.4.5.2 RINEX Computer Program 3D.4-1

3D 4.6 Piping Dynamic Analysis Program-PDA 3D.4-1

| 3D.4.7 Deleted

3D.4.8 Thermal Transient Program-LION 3D.4-2

3D.4.9 - Deleted

3D.4.10 Engineering Analysis System-ANSYS 3D.4-2

3D-li0
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APPENDIX 3D

h-TABLE OF CONTENTS (Continued)-
,

Section Title East

3D.5 PUMPS AND MOTORS 3D.5-1

3D.S.1 Structural Analysis Program SAP 4G07 3D.5-1
,

3D.S.2 Effects of Flange Joint
Connections--ITFLG01 3D 51

3D.6 HEAT EXCHANGERS 3D.6-1

3D 6.1 - Structoral Analysis Program -SAPAG07 -3D.61 -

3D.6.2 Calculation of Shell Attachment Parameters
and Coefficients -BILDR01 3D.6-1

3D.7 SOll STRUCTURE INTERACTION 3D.71

3D.7.1 A System For Analysis of Soil-Structure
Interaction- SASS 101S - 3D.71

i
'

3D.7.2 - Continuum Linear Analysis of
Soil-Structure Interaction-CLASSI/ASD 3D.7-1

3D.73 Free-Field Response Analysis-SHAKE 3D.71

3D-lii'

e
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SECTION 3D.4

hO coureurs .

Section Title East
t
4

3DA.1 Pininn Analysis Pronram-PISYS 3D,4-1 <

4

5 3 DA.2 Comnonent Analvsis-ANSI 7 3D.41

; 3DA.3 Ares _ Reinforteraent-NOZAR 3D.4-1 -
i

'

3DAA Dynamic Forcinn Functions 3D.4-14

i
s

i 3D.4.4.1 Relief Vaht Discharge Pipe Forces <

; Computer Program-RVFOR - 3D.41 -

3D.4.4.2 Turbine Stop Valve Closure- TSFOR 3D.4-1

'3DA.5 Intenral Attachment-LUGST 3D.4-1

| 3D.4.5.1 ERSIN Computer Program 3D.4-1

!- 3D.4.5.2 RINEX Computer Program 3D.4-1 :-
i

| 3DA.6 Ploins Dinamic Analysis Pronram-PDA 3D.4-1

: O 3DA.7 Pininn Analysis Pronram-EZPYP' 3D,4-2 _

i

3DA.8 Thermal Transient Pronrum-LION 3D.4-2 -

i ..

'

3DA.9 Differential Disniacement Pronram-DISPL 3D 4-2 -

|' | 3DA.10 Ennineerine Analysis System-ANSYS ' 3D.4-2

;

f

'b

b

3D.4-il
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3D.4 PIPING 1,2 and 3 piping components in accordance with
articles NB, NC and ND.3650 of the ASME Code,

'

- 3D.4.1 Piping Analysis Program PISYS Section Ill. ANS17 is also used to combine
loads and calculate combined service level A, B,

PISYS is a computer code for analyzing piping C and D loads on piping supports and pipe
systems subjected to both static and dynamic mounted equipment,
piping loads. Stiffness matrices representing
standard piping components are assembled by the - 3D.4.3 Area Reinforcement--NOZAR
program to form a finite element model of a
piping system. The piping elements are connected The computer program NOZAR (Nozzle Area
to each other via nodes called pipe joints. It Reinforcement Program) performs an analysis of
is through these joints that the modelinteracts the required reinforcement area for openings.
with the environment, and loading of the piping The calculations performed by NOZAR are in
system becomes possible. PISYS is based on the accordance with the rules of the ASME Code,
linear clastic analysis in which the resultant Section Ill,1974 coition.
deformations, forces, moments and accelerations
at each joint are proportional to the loading and 3D.4.4 Dynamic Forcing Functions
the superposition of loading is valid.

3D.4.4.1 ' Relief Valve Discharge Pipe Forces
PISYS has a full range of static dynamic load Computer Program-RYFOR

analysis options. Static analysis includes dead
weight, uniformly-distributed weight, thermal The relief valve discharge pipe connects the
expansion, externally applied forces, moments, pressure relief valve to the suppression pool,
imposed displacements and differential support When the valve is opened, the transient fluid
movement (pseudo-static load case). Dynamic ana- flow causes time dependent forces to develop on
lysis includes mode shape extraction, response the pipe wall. This computer program computes
spectrum analysis, and time-history analysis by the transients fluid mechanics and the resultant

h modal combination or direct integration. in the pipe forces using the method of characteristics.
,

response spectrum analysis, i.e. uniform support
motion response spectrum analysis (USMA) or inde- 3D.4.4.2 Turbine Stop Valve Closum- TSFOR
pendent support motion response spectrum analysis
(ISMA), the user may request modal response com- TSFOR program computes the time history
bination in accordance with NRC Regulatory Guide forcing funct_lon in the main steam piping due to
1.92. In the ground motion (uniform motion) or turbine stop valve closure. The program
independent support time history analysis, the utilizes.the method of characteristics to
normal mode solution procedure is selected. In compute fluid momentum and pressure loads at
analysis involving time varying nodal loads, the cach change in pipe section or direction.
step by step direct integration . method is used.

-3D.4.5 Response Spectra Generation
The PISYS program has been benchmarked against -

'

.

Nuclear Regulatory Commission piping models. The 3D.43.1 ERSIN Computer Program
results are documented in a report to the
Commission,"PISYS Analysis of NRC Benchmark ERSIN is a computer code used to generate
Problems", NEDO 24210, August 1979, for mode response spectra for pipe mounted equipment and
shapes and USMA options. The ISMA option has for floor mounted equipment. ERSIN provides
been validated against NUREG/CR 1677," Piping direct generation of local or global accel-
Benchmark Problems Dynamic Analysis Independent cration response spectra.
Support Motion Response Spectrum Method,"
published in August 1985. 3D.4.5.2 RINEX Computer Program -

3D.4.2 Component Analysis--ANSI 7 RINEX is a computer code used to interpolate
and extrapolate amplified response spectra used

p ANS17 is a computer code for calculating in the response spectrum method of dynamic
V stresses and cumulative usage factors for Class analysis. RINEX is also used to generate

mendment 21 3D.41
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response spectra with nonconstant model damping. 3D.4.8 ThermalTransient Program--
The nonconstant model damping analysis option can - LION -
calculate spectral acceleration at the discrete
eigenvalues of a dynamic system using either the The LION program is used to compute radial
strain energy weighted modal damping or the ASME and axial thermal gradients in piping. The
Code Class N-411-1 damping values, program calculates a time history of AT ,

3AT,, Ta, and Tb (defined in the ASME Code,
3D.4.6 Piping Dynamic Analysis _ Section 111, Subsection NB) for uniform and
Program--PDA tapered pipe wall thickness.

The pipe whip dynamic analysis is performed 3D.4.9 Deleted
using the PDA computer prograin, as described in
Subsection 3.6.2.2.2. PDA is a computer program
used to determine the response of a pipe
subjected to the thrust force occurring after a
pipe break, it also is used to determine the 3D.4.10 Engineering Analysis System-ANSYS
pipe whip restraint design and capacity.

The ANSYS computer program is a large scale
The program treats the situation in terms of general purpose program for the solution of 4

generic pipe break configuration, which involves several classes of Engineering Analysis-
a straight, uniform ripe fixed at one end and problems. Analysis capabilities include static
subjected to a time dependent thrust force at the and dynamic; plastic, creep and swelling; small
other end. A typical tr.straint used to reduce and large deflections; and other applications.
the resulting deformation is also included at a
location between the two ends. Nonlinear and This program ~will accommodate a complete
time independent stress-strain relations are used - model and an enhanced capacitics in input,
to model the pipe and the restraint. Using a -output and graphic interface. Locations of

gplastic hinge concept, bending of the pipe is interest for stresses and displacacents can be
assumed to occur only at the fixed end and at the obtained by this nonlinear analysia. It is
location supported by the restraint. served as a verification work for the PDA '

program.
Effects of pipe shear deflection are consi-

dered negligible. The pipe-bending moment- Other program of the same capacities with
deflection (or rotation) relation used for these periodical improvement is also applicable to
locations is obtained from a static nonlinear - this analysis,
cantilever beam analysis. Using moment angular
rotation relations, nonlinear equations of motion
are formulated using energy considerations and
the equations are numerically integrated in sm'all
time steps to yield the time-history of the pipe
motion.

3D.4.7 Deleted

O
i

Amendment 2t 3D.4-2
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APPENDIX 3E

|O GUIDELINES FOR LBB APPLICATION *

3E.1 INTRODUCTION following criteria: (1) low probability of
| failure from the effects of corrosion (e.g.,
l As discussed in Subsection 3,6.3, this intergrannular stress corrosion cracking) and
L appendix provides detailed guidelines for the COL (2) adequate margin before susceptibility to

applicant's use in applying for NRC's approval of cleavage type fracture over the full range of
LBB for specific piping systems. Also included consequences.
In this appendix are the fracture mechanics
properties of ABWR piping materials and analysis The ABWR plant design specifies use of
methods, including the leak rate calculatiou austenitic stainless steel piping _made of
methods. Table 3E.11 gives a list of piping material (e.g., nuclear grade or low carbon
systems inside and outside the containment that type) that is recognized as resistant to IGSCC,
are preliminary candidates for LBB application. The carbon steel or ferritic steels specified
As noted on Table 3E.11, most candidate piping for the reactor pressure boundary are described
systems are carbon steel piping. Therefore, this in 3E.2.2. These steels are assured to have
appendix deals extensively with the evaluation of adequate toughness to preclude a fractare at
carbon steel piping. operating temperatures. A COL appli; ant is

expected to supply a detailed justifir < tion in
Piping qualified by LBB would be excluded from the LBB cvaluation report considerF 3 system,

the non mechanistic postulation requirements of tempes.iture, fluid velocity and en .ronmental
doubl:-ended guillotine break (DEGB) specified in conditions.
Subsection 3.6.3. The LBB qualification means
that the through-wall flaw lengths that are 3E.1.2 Deterministic Evaluation Procedurei

i O 7 ' se -e i' i 8 r t - < -d ' ' 6i 6 i

| Subsection 5.2.5) are significantly smaller than The following deterministic analysis and
' the flaw lengths that could lead to pipe rupture evaluation are performed as an NRC approved

or instability, method to justify applicab)lity of the LBB -
concept.

Section 3E.2 addresses the fracture mechanics
properties aspects required for evaluation in (1) Use the fracture mechanics and the leak rate
accordance with Subsection 3.6.3. Section 3E.3 computational methods that are accepted by
describes the fracture mechanics techniques and the NRC staff, or are demonstrated accurate
methods for the determination of critical flaw with respect to other acceptable computa-
lengths and evaluation of flaw stability. tional procedures or with experimental data.
Explained in Section 3E.4 is the determination of
flaw lengths for detectable leak ges with (2) Identify the types of materials and
margin. A brief discussion on the leak ' Mction. materials specifications used for base

,

capabilitica is presented in Set.Pa 3E.5. metal, weldments and safe ends, and provide
Finally, Section 3E.6 provides general guidelines the materials properties including toughness
for the preparation of LBE justification reports and tensile data, long term effects such as

. by providing two examples. thermal aging, and other ' limitations.
!
''

Material selection and the deterministic LBB (3) Specify the type and magnitude of the loads
|- evaluation procedure are discussed in this applied'(forces, bending and torsional,

section. moments),~their source (s) and method of.
combination. For each pipe size in the

3E.1.1 Material Selection Guidelines functional system, identify the location (s)
which have the least favorable combination

The LBB approach is applicable to piping of stress and matvial properties for base
.

systems for which the materials meet the metal, weldments and safe ends.

Amendment 21 38.11
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(4) Postulate a throughwall flaw at the obta n the desired amount of experimental
location (s) specified in (3) above. The crack extension may be i stricted. In this g
site of the flaw should be large enough so case, extrapolation techniques is used as
that the leakage is assured detection with described in NUREG 1601, Volume 3, or in
sufficient margin using the installed leak NUREG/CR-4575. Other techniques can be
detection capability when pipes are used if adequately justified.
subjected to normal operating loads. If
auxiliary leak detection systems are relied (8) The stress strain curves are obtained over
on, they should be described. For the the range from the preoperational limit to
estimation of leakage, the normal operating maximum load,
loads (i.e., deadweight, thermal expansion,
and pressure) are to be combined based on (9) Preferably, the materials tests should be
the algebraic sum of individual values, conducted using archival materials for the

pipe being evaluated, if archival material
,

Using fracture mechanics stability analysis is not available, plant specific or
or limit load analysis based on (11) below, industry wide generic material data bases
and normal plus SSE loads, determine the are assembled and used to define the
critical crack size for the postulated required material tensile and toughness
throughwall crack. Determine crack size properties. Test material includes base
margin by comparing the selected leakage and weld metals.
size crack to the critical crack size.
Demonstrate that there is a margin of 2 (10) To provide an acceptable level of reli-
between the leakage and critical crack ability, generic data bases are reasonable
sizes. The same load combination method lower bounds for compatible sets of mater.
selected in (5) below is used to determine ial tensile and toughness properties
the critical crack sin. associated with materials at the plant. To

assure that the plant specific generie data
(5) Determine margin in terms of applied loads base is adequate, a determination is made

by a crack stability analysis. Demonstrate to demonstrate that the generic data base
that the leakage size cracks will not expe- represents the range of plant materials to
tience unstable crack growth if 1.4 times be evaluated. This determination is based
the normal plus SSE loads are applied. De- on a comparison of the plant material
monstrate that crack growth is stable and properties identified in (2) above with
the final crack is limited such that a those of the materials used to develop the
double-ended pipe break will not occur. The generic data base. The number of material
dead-weight, thermal expansion, pressure, heats and weld procedures tested are ade-
SSE (inertial), and seismic anchor motion quate to cover the strength and toughness
(SAM) loads are combined based on the same range of the actual plant materials. Rea-
method used for the primary stress evalu- sonable lower bound tensile and toughness
ation by the ASME Code. The SSE (inertial) properties from the plant specific generic
and SAM loads are combined by square-root- data base are to be used for the stability
of-the-sum-of-the-squares (SRSS) method, analysis of individual materials, unless

otherwise justified.
(6) The piping material toughness (J-R curves)

and tensile (stress-strain curves) proper- Industry generic data bases are reviewed to
ties are determined at temperatures near the provide a reasonable lower bound for the -

upper range of normal plant operation, population of material tensile and tough-
ness properties associated with any indivi-

(7) The specimen used to generate J R curves is dual specification (e.g., A106, Grade B),
assured large enough to provide crack exten- material type (e.g., austenitic steel) or
sions up to an amount consistent with J/T welding procedures.
condition determined by analysis for !he
application. Because practical specimen The number of material heats and weld
size limitations exist, the ability to procedures tested should be adequate to h

Amendment 21 3E.1-2
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cover the range of the strength ar.' tensile
3(d properties expected for specific aterial

specifications or types. Reasonable lower
bound tensile and toughness properties from

| the industry generic data base are used fro
the stability analysis of individual mater-

! ials.

|
If the data are being developed from an

| archival heat of material three stress-
strain curves and three J resistance curves
from that one heat of material is suffi-
cient. The tests should be conducted at
temperatures near the upper range of normal;

! plant operation. Tests should also be
conducted at a lower temperature, which may
represent a plant condition (e.g., hot
standby) where pipe break would present
safety concerns similar to normal opera-
tion. These tests are intended only to
determine if there is any significant
dependence of toughness on temperature over
the temperature range of interest. The

,

lower toughness should be used in the
! fracture mechanics evaluation. One J R

curve and one stress-strain curve for one
base metal and weld metal are considered
adequate to determine temperature
dependence.

(11) There are certain limitations that currently
preclude generic use of limit load analyses
to evaluate leak-before-break conditions
deterministically. However, a modified
limit-load analysis can be used for,

| austenitic stainless steel piping to
demonstrate acceptable margins as described
in Subsection 3E.33.

i
1

\j

\s.-)
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Table SE.1 1

O LEAK HEFORE ilREAK CAND3DATB PIPING SYSTEM

,

Splem laation Description. Diameter
(mm)

Main Steam PC RPV to RCCV 700

(4 lines)

Feedwater PC RPV to kn Y $50/300
(21ines/6 risers)

RCIC Steam PC MS line to RCCV 150

IIPCF PC RPV to first check valve 200

RilR/LPFL PC RPV to first check vake 250'

RilR/ Suction PC RPV to first closed gate valve 350

CUW PC RilR suction to RCCV 200

Main Steam Steam Tunnel RCCV to turbine building - 700

(4 lines)

O Peeawnier " m Tnnnci RCCv ie turbinc uetidins 550
(2 lines)

RilR Div. A Steam Tunnel FW line A to check valve . 250
Suction

.

RCIC Steam SC RCCV to turbine shutoff valve 150

RCIC Supply SC FW line to first check valve .200

CUW Suction SC RCCV to heat exchanger discharge 200

CUW Discharge SC ficat exchanger discharge to ' 200/150
iFW suct on .

!.ote: All piping in primary and t ccondary containment (including steam tunnel)
are carbon steel piping, except the in-containment CUW piping which is
stainless stect.

Legend: PC: PrimaryContainment
SC: SecondaryContalnment
FW: Feedwater
MS: Main Steam

^

'

.
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3E 2 MATERI AL FRACTURE TOUGH. The crack growth invariably involves some

Q NESS CHARACTERIZATION clastic unloading and distinctly nonproportional
plastic deformation near the crack tip. J-

This subsection describes the fracture integral is based on the deformation theory of
toughness properties and flow stress evaluation plasticity [4, $] which inadequately models both
it, the ferritic and austenitic steel materials of these aspects of plastic behavior, tu or:ler
used in AllWR plant piping, as required for to use J. integral to characterire crack growth

| evaluation according to Section 3E.1.2. (i.e. to assure J controlled crack growth), the
following sufficiency condition in terms of a

3E 2.1 FractureToughness nondimensional parameter proposed by llutchinson
Characterization and l'arls [6], is used:

When the clastic plastic fracture mechanics b . e # *I (E.2 2).W"(EpFM) methodology or the J T methodology is used J da
to evaluate the leak before break conditions with
postulated through wall flaws, the material Where b is the remaining ligament. Reference
toughness property is characterited in the form 7 suggests that w >10 would satisfy the
of J integral resistance curve (or J R curve) [1, J controlled growth requirements. Ilowever,if
2,3] The J R curve, schematically shown in the requirements of this criter!a are strictly
Figure 3E.2 la, represents the material's followed, the amount of crack growth allowed
resistance to crack extension. The onset of would be very small in most test specimen
crack extension is assumed to occur at a critical - geometries. Use of such a material J R cune in.
value of J. Where the plane strain conditions J/T evaluation would result in grossly
are satisfied, initiation J is denoted by J underpredicting the instability loads for large
plane strain crack conditions, achieved in IektI. diameter pipes wheie considerable stable crack
specimen by side grooving, generally provide a growth is expected to occur before teaching the
lower bound behavior for material resistance to instability point. To overcome this difficulty.

O iasi <* srewis. ernsi (8i erere o -eairi d > ini erai.
J which was shown to be effective cven

Once the crack begins to extend, the increase w'lld, limits cn I were grossly violated. The
of J with crack growth is measured in terms of Ernst correction essentially factors in the k

slope or the nondimensional tearing modulus, T, effect of crack extencion in the calculated
expressed as: value of J. This correction can be determined

experimentally by measuring the usual
T == E . M (E.21) parameters: load, displacement and crack length,

2 daog

The dermition of Jmod :is
The flow stress, o , is a function of the

g
yield and ultimate strength, and E is the clastic Jmod = J . r da
modulus. Generally, o is assumed as the Ju Ba 61avera e of the yield and utkimate strength. The P y.2-3)
slope of the material J.R curve is a function

with crack extension th_creby giv% decreases
of crac extension a. Generally, Where

ing a convex J- is based on deformation theory of
upward appearance to the material J R curve in plasticity
Figure 3E.2 la.

G is the linear clastic Griffith
To evaluate the stability of crack growth, it energy release rate or clastic J,'

is convenient to represent the material J R curve J
* I.In the J T space as shown in Figure 3E.21b; The

J- resulting curve is labeled as J.T material.
6 pl is the nonlinear part of the

Crack instability is predicted at the intersec- load point displacement, (or
tion point of the J/T material'and J/T applied simply the total minus the elastic

.O curves.

Amendment 21 3tL2-1
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displacement). forgings are equivalent to the piping
specifications. g

a,a are the initial and current crack
' lengths respectively. While the chemical composition requirements

for a pipe per SA 106 Gr. B and SA 333 Gr. 6 are
For the particular case of the compact tension identical, the latter is subjected to two

specimen geometry, the precedin6 Equation and the additional requirements: (1) a normalizing heat
corresponding rate take the form treatment which refines the grain structure and,

(2) a charpy test at .50"F with a specified

= J + !" 7.JPI .da minimum absorbed energy of 13 ft lbs. TheJ
""d

a (E.24) electrodes and filler metal requirements for
o b welding carbon steel to carbon or low alloy

where J is the nonlinear part of the steel are as specified in Table 3E.21.
deformatiN theory J, b is the remaining ligament
and is A comprehensive test program was undertaken

at GE to characterire the carbon steel base and
(1 + 0.76 b/W) (E.2 5) weld material toughness properties. The next=

section describes the scope and the results of
Consequently the modified material tearing this program. The purpose of the test program

modulus T can be defined as: was to generate the necessary data for appil.""d cation in Section 3E.6 and to illustrate a
E 1 .J general procedure of conducting the tests per

Tnmd = Tmat +a 2 EI (E.2-6) requirements of item (10) in Section 3E.1.2.
g b The extent of the test program for NRC's

Since in most of the test J.R curves the approval of an application will depend upon the
u>10 limit was siolated, all of the material J T identified requirements.
data were recalculated in the J ,T
format. The J T 3E.2.2.1 Fructure Toughness Test Program $rperformed up ton 8c,k eTe# calculaflEds w"cienslor of a = 10% of
the original ligament in the test specimen. The The test program consisted of generating true
J.T curves were then extrapolated to larger J stress true strain curves, J.Rei.istance curves
values using the method recommended in NUREG and the charpy V. notch tests. Two materials
1061, Vol. 3 [9]. were selected : (1) SA333 Gr. 6,16 inch

diameter, Schedule 80 pipe and (2) SA516, Gr.
The J T approach is used in 70,1 inch thick plate. Table 3E.2 2 shows the

this appc*nMx for*Ellustrative purposes. It chemical composition and mechanical property
| should be adopted if justified based on its test information provided by the material

acceptability by the technical literature. A supplier. The materials were purchased to the
J approach is another more justifiable same specifications as those to be used in theg
approach. ABWR applications.

3E.2.2 Carbon Steels and Associated To produce a circumferential butt weld, the
Welds pipe was cut in two pieces along a

circumferential plane and welded back using the
The carbon steels used in the ADWR reactor shleided metal are process. The weld prep was

coolant pressure boundary piping are: SA 106 Gr of single V design with a backing ring. The
B, SA 333 Gr. 6 and SA 672, Gr. C70. The first preheat temperature was 200 F.
specification covers seamless pipe and the second
one pertains to both scamless and seam welded The plate material was cut along the

| pipe. The last one pertains to seam welded pipe longitudinal axis and welded back using the SAW
l for which plate stock is specified as SA 516. Gr. process. The weld prep was of a single V type

70. The corresponding material specifications with one side as vertica' and the other side at
| used for carbon steel flanges, fittings and 45 . A backing plate was used during the

,

welding with a clearaece of 1/4 inch at the h
|

| Amendment 2t 38.2-2
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bottom of the V. The interpass temperature was with axial flaw exten6 ion (orientation A in
O maintained at less than 500' F. Figure 3E.2 3) is considerably lower than that
V for the circumferential crack extension.

Iloth the plate and the pipe welds were X rayed
according to Code [11] requirements and were A similar trend in the base metal charpy
found to be satisfactory. energies was also noted in this test program.

Figures 3E.2 4a and b show the pipe and plate
it is well known that carbon steel base material Charpy energies for the two orien-

materials show considerable anisotropy in tatio s as a function of temperature. The tests
fracture toughness properties. The toughness were conducted at six temperatures ranging from
depends on the orientation and direction of room temperature to 550"F. From the trend of
propagation of the crack in relation to the the Charpy energies as a function of temperature
principal direction of mechanical working or gain in Figures 3E.2 4a and b it is clear that even
flow. Thus, the selection of proper orien- at room temperature the upper shelf conditions
tation of charpy and J R curve test specirnen is have been reached for both the materials.
important. Figure 3E.2 2 shows the orientation
code for rolled plate and pipe specimen as given No such anisotropy is expected in the weld
in ASTM Standard E399 [12]. Since a through wall metal since it does not undergo any mechanical
circumferential crack configuration is of most working after its deposition. This conclusion
interest from the DEOD point of view, the L T is also supported by the available data in the
specimen in a plate and the L.C specimen in a technical literature. The weld metal charpy
pipe provide the appropriate toughness properties specimen in this test program were oriented the
for that case. On the other hand, T L and C L W vay e the LC or LT orientations in Figure
specimen are appropriate for the axial flaw case. IR L N 162 charpy specimens were also

evbM44%
Charpy test data are reviewed first since they

provide a qualitative measure of the fracture ya t.2 6 shows a comparison of the
toughness, charpy energies from the 333 Gr. 6 base metal,

the wel,1 metal and the liAZ, in most cases two
30.2.2.1.1 Charpy Tests specime is were used. Considerable scatter in

the weld and IIAZ charpy energy values is seen.
The absorbed energy or its complement, the Nevertheless, the average energies fro the weld

lateral expansion measured during a Charpy V- metal and the llAZ seen, to fall at or above the
notch test provides a qualitative measure of the average base metal values. This indicates that,
material toughness. For example, in the case of unlike the stainless steel flux weldments, the
austenitic stainless steel flux weldments, the fracture toughness of carbon steel weld and IIAZ,
observed lower Charpy energy relative to the base as measured by the charpy .csts, is at least
metal war, consistent with the similar trend equal to the carbon steel base metal.
observed in the J Resistance curves. The Charpy
tests in this program were used as preliminary The preceding results and the results of the
indicators of relative toughness of welds, IIAZs stress strain tests discussed in the next
and the base metal. section or other similar data are used as a

basis to choose between the base and the weld
The carbon steel base materials exhibit metal properties for use in the J T methodology

considerable anisotropy in the Charpy energy as evaluation.
illustrated by Figure 3E.2-3 from Reference 13.
This anisotropy is associated with development of 3E.2.2.1.2 Stnss Strain Tests
grain Dow due to mechanleal working. The Charpy
orientation C in Figure 3E.2-3 (orientations LC The stress strain tests were performed at
and LT in Figure 3E.2 2) is the appropriate one three temperatures: Room temperature,350"F
for evaluating the fracture resistance to the and 550"F. Base and weld metal from both the
extension of a through wall circumferential pipe and the plate were tested. The weld
flaw. The upper shelf Charpy energy associated

i

d !
|
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specimens were in the as-welded condition. The the carbon steel piping in the reactor coolant
standard test data obtained from these tests are pressure boundary in the AllWR generally" fall g
summarired in Table 3E.2 3. into two categories: 528 550"P and 420 P.

The latter temperature corresponds to the
An examination of Table 3E.2 3 shows that the operating temperature of the feedwater piping

measured yleid strength of the weld metal, as system. The selections of the appropriate
expected, is considerably higher t' an that of the material (J/T) curves for these two categories
base metal. For example, the 550 F yield are discussed next.
strength of the weld metalin Table 3E.2 3 ranges
from 53 to 59 ksi, whereas the base metal yield 3F.2.2.2.1 hlaterial J/T Cune for 550"F
strength is only 34 Lsi. The impact of this
observation in the selection of appropriate A rgview shows that 5 tests were conducted
material (J/T) curve is discussed in later at 550 F. Two tests were on the weld metal,
sections. two were on the base metal and one was on the

heat.affected rone. Figure 3E.2 8 shows the
Figures 3E.2 6 a through d show the plots of plot of matertal J T values

the 550 F and 350 F stress strain curves for calculated from the J4 a"v"aiu,es oMained from
both the pipe and the plate used in the test. As the 550"F tests. The value of flow stress,
expected, the weld metal stress strain curve in o , used in the tearing modulus calculationr
every case is higher than the corresponding base (Equation E.21) was 52.0 kai based on data
metal curve. The Ramberg Osgood format shown in Table 3E.2 3. To convert the

deformation J and j values obtained from thedcharacterization of these stress strain curves is
given in Section 3E.3.2 where appropriate values J R into J d, T da , Equations E.2 4 and
of and is also provided. E.2 6 were"used. Utily the data from the pipe

weld (Specimen ID OWLC A) and the plate base
3E.2.2.1.3 J.R Curse Tests metal (Specimen ID DhtLI 12) are shown in Figure

3E.2 8. A few unreliable data points were
The test temperatures selected for the J.R obtained in the pipe base metal (Specimen ID hcurve tests were: room temperature,350"F and OHLC 2) J R curve test due to a malfunction in

550"F. Both the weld and the base metal were the instrumentation. Therefore, the data from
included. Due to the curvature, only the IT plan this test were not included in the evaluation,
compact tension (CT) specimens were obtained from The J R curves from the other two $50"F tests
the 16 inch diameter test pipe. Both IT and 2T were evaluated as described in the next
plan test specimens were prepared from the test paragraph. For comparison purposes, Figure
plate. All of the CT specimens were side-grooved 3E.2 8 also shows the SA106 carbon steel J T
to produce plane strain conditions. data obtained from the J R curve reported by

Gudas [14]. The curve also includes
Table 3E.2 4 shows some details of the J R extrapolation to higher J values based on the

curve tests performed in this test program. The method recommended in NUR.;G 1061, Vol. 3[9|.
J-R curve in the LC orientation of the pipe base
metal and in the LT orientation of the plate base TbcJ -T data for the plate weld
metal represent the material's resistance to metal an"d t$e [Taic ilAZ were evaluated. A
crack extension in the circumferential comparison shows that these data fall slightly
direction. Thus, the test results of these below those for the plate base metal shown in
orientatioas were used in the LDB cvalua' ions. Figure 3E.2 8. On the other hand, as noted in
The orientation effects are not present in the Subsection 3E.2.2.1.2, the yleid strength of the
weld metal. As an example of the J R curve weld metal and the liAZ is considerably higher
obtained in the test program, Figure 3E.2 7 shows than that of the base metal. The material

.

|the plot of J.R curve obtained from specimen stress strain and J.T curves are the two key
OWLC a. inputs in determining the instability load and

flaw values by the (J/T) methodology.
3E.2.2.2 htaterial (J/T) Cune Sclection Calculations performed for representative

through wall flaw sires showed that the higher
The normal operating temperatures for most of yield strength of the weld metal more than com- h
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pensates for the slightly lower J.R curve and, 3E.2A References

C}
consequently, the instability load and flaw/~

predictions based on base metal properties are 1. Paris, P.C., Tada,11., Zaboor, A., and
smaller (i.e., conservative). Accordingly, it Ernst,11., The Theory of Instabl/ity of
was concluded that the material (J T) curve shown the Tearing Alode of Elastic Plastic Crack
in Figure 3E.2 8 is the appropriate one to use in Growth, Elastic Plastic Fracture, ASThi
the LHB evaluations for carbon steel piping at STP 668, J.D Landes, J.A. Begley, and G.A
550"F. Clarke, Eds., American Society for Testing

30.2.2.2.2 hinterial J/T Curse for 420'F
2. Resolution of the Task A 11 Reactor

Since the test temperature of 350*F can be l'essel Alaterials Toughness Safety issue,
considered reasonably close to the 420"F, the NUREG 0744, Rev.1 October 1982.
test J R curves for 350"F were used in this
case. A review of the test matrix in Table 3. Paris, P.C., and Johnson, R.E., A Alethod
3E.2 4 shows that three tests were conducted at of AppIIcation of Elastic Plastic Fracture
350*F. The J T data f ar al1 Afechaniss to Nuclear Vessel Analysis,
three tests were rei$fv,ed. "l%e flow stress value Elastic Plastic Fracture, Second

d

used in the tearing modulus calculation was 54 Symposium, Volume ll. Fracture Resistrice
ksi based on Table 3E.2 3. Also reviewed were Curves and Engineering Application, AS(ht
the data on SA106 carbon steel at 300"F STP 803, C.F Shih and J.P. Gudas, Eds.,
reported by Gudas |14]. American Society for Testing and

hiaterials,1983, pp.11 5 11 40.
Consistent with the trend of the $50 F data,

the 350"F weld metal (J T) data fell below the 4. Rice, J.R., A Path Independent Integral
plate and pipe base metal data. This probably and the Approxirnate Analysis of Strain
reflects the slightly lower toughness of the SAW Concentration by Notches and Cracks,J.
weld la the plate. The (J/T) data for the pipe Appl. hicch., 35, 379 386 (1968).
base metal fell between the plate base metal and
t he plate weld metal. Based on the 5. Hegley, J.A., and Landes, J.D., The l
considerations similar to those presented in the Integral as a Fracture Criterion,
previous section, the pipe base metal J T data, Fracture Toughness, Proceedings of the
although they may lie above the weld J T data, 1971 National Symposium on Fracture
were used for selecting the appropriate (J T) hicchanics, Part il, ASTht STP 514, American
curve. Accordingly, the curve shown in Figure Society for Testing hiaterials, pp.12')
3E.2 9 was developed for using the (J T) (1972),
methodology in evaluations at 420"F.

6. Ilutchinson, J.W., and Paris, P.C.,
3E 2 3 Stainless Slects nnd Associated Welds Stability Analysis of 1 controlled Crack

Growth, Elastic Plastic Fracture, ATSht
The stainless stects used in the ABWR reactor STP 668, J.D Landes, J.A. Begley, and G.A.

coolant pressure boundary piping are either Clarke, Eds., American Society for Testing
Nuclear grade or low carbon Type 304 or 316. and hiaterials,1979, pp. 37-64.
These materials and the associated welds are
highly ductile and therefore, undergo consi- 7. Kumar, V., German, ht.D., and Shih, C.F.,
derable plastic deformation before failure can An Engineering Approach for Elastic.
occur. Toughness properties of Type 304 and 316 Plastic Fracture Analysis, EPRI Topcal
stainless steels have been extensively reported Report ! P 1831, Electric Power Research
in the open technical literature and are, thus, institute, Palo Alto, CA July 1981.
not discussed in detail in this section. Due to
high ductility and toughness, modified limit load 8. Ernst, ll.A., Alaterial Resistance and -

methods can be used to determine critical crack Instability Beyond J Controlled Crack
lengths and instability loads (see Subsection Growth, Elastic Plastic Fracture: Second

O 3E.3.3). SxmPesium. veiume i- iniasiie Cract
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Analysis, ASTM STP 803, C.P. Shih and J.P.
Gudas, Eds., American Society for Testing and g
hiaterials,1983, pp.1 191 1213. W

9. Report of the U.S. Nuclear Regulatory
Commission Piping Review Committee,
NUREG 1061, Vol.3, November 1984.

10. Deleted

11. AShfE 11 oiler & Pressure Vessel Code, Section
111, Division 1, Nuclear Power Plant
Components, American Society of hicehanical
Engineers,1980.

12. ASThi Standard E399, Planc Strain Fracturc
Toughness of Afetallic Afaterials.

13. Reynolds, h1.11., Failure Beharlor in ASThf
A106B Pipes Containing Atlal Through ll'all
Flaws, General Electric Report No.
G EA P 5620, A pril 1968.

14. Gudas, J.P., and Anderson, D.R., //.R Curve
Charateristics of Piping Material and li'cids,
NUREG/CP 0024, Vol. 3, hf arch 1982.
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_Q 3E.3 FRACTURE MECHANICS METilODS Intersection point of the material and
applied (J/T) curves denotes the instability

This subsection deals with the fracture point. This is mathematically stated as
mechanics techniques and methods for the follows:
determination of critical flaw lengths and
instability loads for materials used in ABWR. Japplied (a,P) = Jmat (a) (3E3-2)
These techniques and methods comply with Criteria
($) through (11) described in Section 3E.1.2. Tapplied < Tmat (stable) (3B'3)

3E.3.1 Elastic. Plastic Fracture Tapplica >Tmat (unstable)
Mechanics or (J/T) Methodology

The load at instability is determined from
Failure in ductile materials such as highly the J versus load plot also shown schematically

tough ferritic materials is charactertred by in Figure 3E.31. Thus, the three key curves in
considerable plastic deformation and significant the tearing stability evaluation are: Japplic4
amount of stable crack growth. The EPFM spproach versus Tapplied Jmat versus Tmat ano
outlined in this subsection considers these Japplied versus load. The determination of
aspects. Two key concepts in this approach are: appropriate Jmat versus Tmat or the material
(1) J. integral ll,2] which characterires the (J/T) curve has been already discussed in
intensity of the plastic stress.: train field subsection 3E.2.1. The Japplied .Tapplied'
surrounding the crack tip and (2) the tearing or the (J/T) applied curve can be easily
instability theory [3,4] which esamines the generated through perturbation in the crack -

lied versus loadstability of ductile crack growth. A key length once the J *N for different crackadvantage of this approach is that the material information is availab
fracture toughness characteristic is explicitly lengths. Therefore, only the methodology for

O the generation of Jap'd in detail.gled versus load
factored into the evaluation,

information is discusse
3E.3.1.1 Itaste (J/T) Methodology

3EJ.1.2 J Estimation Scheme Procedure
Figure 3E.31 schematically illustrates the

J/T methodology for stability evaluation. The The Japplied or J as a function of load was
material (J/T) curve in Figure 3E.31 repre. calculated ~ using the GE/EPRI estimation scheme
sents the material's resistance to ductile crack procedure [5,6]. The J la this scheme is
extension. Any value of J falling on the_ mate _. - obtained as sum of the clastic and fully plastic
rial R. curve is denoted as Jmat and is a func. contributious:
tion solely of the increase in crack lengthaa.
Also defined in Figure 3ES.1 is the ' applied' J. J = Je + Jp (3E3-4)
which for given stress strain properties and
overall component geometry, is a function of the _The material true stress. strain curve in the
applied load P and the current crack length, a. estimation scheme is assumed to be in the
liutchinson and Paris [4] also define the Ramberg.Osgood format:
following two nondimensional parameters:

.n (3E3 5)

Tapplied " o~t 2'Ta ho[ % +a [E }fEE . oJ tied =

(8oj

|(3E31) where,'o is the material yield stress,

io , and .a and n are obtained
Imat * o,E. 2. $ mat

* * "

g da by fitting the preceding equation to the
material true stress strain curve.

where E is Young' modulus and o r is an
appropriate flow stress. The estimation' scheme formulas to evaluate
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the J. integral for a pipe with a through wall This aspect is addressed next.
circumferential flaw subjected to pure tension or g
pure bending are as follows 3EJ.1.3 Tearing lastability Esaluation

Considering Both the Membrane and llending
Tension Strmes

(3E3-6)
E' + Based on the estimation scheme formulas andJ = fg(a , B)Ee

t n+1 the tearing instability methodology just
o ' o c (a) h LA, n. 8) 'E' outlined, the instability bending and tensionca t

b b t ,P , stresses can be calculated for variouso

through wall circumferential flaw lengths,
where, Figure 3E.3 2 shows a schematic plot of the

instability stresses as a function of flaw
f (3, n,8) , a F* a, n, E) length. For the same stress level, thet

' I allowable flaw length for the bending isb t

* w R' t' expected to be larger than the tension case.

Fo = 2 "o Rt [w 7 2 are sin
When the applied stress is a combination of

(1 sin y)] the tension and bending, a linear interaction
2 rule is used to determine the instability stress

or conversely the critical flaw length. The
Bendmg arplication of linear interaction rule is

(3E3 7)
certainly conservative when the instability load

J = f (a , E) EM'+
is close to the limit load. The applicability

t e
t n+1 of this proposed rule should be justified by

o 'o ' o c (A) h LA, n, B) 'M providing a co:nparlslon of the predictions by
i

b b t .M, the proposed approach (or an alternate approach)
with those available for cases where the &

where, combination is treated together. W

f (a, n, E) , wa (E)' F The interaction formulas are following: (See8
3

b t I Figure 3E.3 2)
(A. n, E)

b t critical flaw Leneth

(3E3 8)
Mo = M [cos (2) . I sin (y)] a = ( ,'.1, ) a ,t + ( #b.) a , b |c c co

r 2 't+0b 't+#b

The nondimensional functions F and h are given where:

in Reference 6
at = applied membrane stress

While the calculation of J for given a, n,
#o and load type is reasonably straight. Ob = applied bending stress

forward, one issue that needs to be addressed is
a ,t = critical flaw length for a tensionthe tearing instability evaluation when the c

loading includes both the men.brane and the stress of (8t + 0b)
bending stresses. The estimation scheme is

a ,b = critical flaw length for a bendingcapable of evaluating only one type of stress at c
a time, stress of (#t + 'b)

lailability Bendine Stress

(3E3 9a)

S " (l * f(t) a #b ga b

Amendment 21

|

|



ABWR zwumn
Standard Plant Riv in

where: that a limit load approach is feasible.

O Ilowever, test data at high tempeastures
S = instability bending stress for flaw specially involving large diameter pipes are

b length, a,in the presence of membrane currently not available. Therefore, a (J/T)
stress,'i . based approach is used in the evaluation.

,I
= applied membranc stress 3F.3.2.1 Deterimination of Ramberg-Osgood

Parameters for $50"F Fraluation

| ,, = instability tension stress for flaw
length, s. Figure 3E.2 6a shows the true stress.tgue

strain curves for the carbon steels at 550 P.

| af = instability bending stress for flaw The same data is plotted here in Figure 3E.3 3
length, n. In the Ramberg Osgood format. It is scen that,

unlike the stainless steel case, each act for
once the instability bending stress, S , in stress strain data (l.c. data derived from onebthe presence of membrane stress, is stress. strain curve) follow approximately a

determined, the instability load maI, gin single slope line. Based on the visual
corresponding to the detectable leak. sire crack observation, a line representing a= 2, n = 5,

(as required by LilB criterion in Section 3.6.3) in Figure 3E.3 3 was drawn as representing a
can be calculated as follows: reasonable upper bound to the data shown.

Instabilitylead Margin a, + Sb The third parameter in the_Rambcrg Osgood
(3E.3 9b) format stress * stain curve is a , the

| 't + 'b yleid stress. _ Based on the several inter"nal GE
data on carbon steels such as SA 333 Or.6, and

it is assurned in the preceding equation that SA 106 Or.B. a reasonable value of 550"F yleid
the uncertainty in the calculated applied stress strength was judged as 34600 psi. To summarire,

O i ii iir e i i d *iin ih i d ie ih reiie i v i a i ihi, er di-
applied bending loads and that the membrane for the (J/Tg methodology evaluation of carbon
stress, which is generally due to the pressure steels as $50 F:
loading, is known with greater certainty. This
method of calculating the margin against loads is a = 2.0
also consistent with the definition of load
margin employed in Paragraph IWB.3640 of Section n =5.0
XI [7].

_ __ _

,' = 34600 psi
3E.3.2 Application of(J/T)
Methodology to Carbon Steel Piping E = 26x10' psi

From Figure 3E.2 3,it is evident that carbon 3E.3.1.2 Determination of Rambery-Osgood
stects exhibit transition temperature behavior Parameters for 420*F Evaluation -

marked by three distinct stages: lower shelf,
,

transition and upper shelf. The carbon stects Figure 3E.3-4 shows the' Ramberg-Osgood (R 0)
generally exhibit ductile failure mode at or format plot of the 350"F true stress-stain
above upper shelf temperatures. This would data on the carbon steel base metal. Also shown
suggest that a net. ,cction collapse approach may in Figure,3E.3 4 are the CE data a SA 106 Grade
be feasible for the evaluation of postulated B at 400 F. Since the difference between the
flaws in carbon steel piping. Such a suggestion ASME Code Specified minimum yield strength at

- was also made in a review report prepared by the 350"F and 420 F is small, Ihe 350"F
Naval Research Lab [8]. Low temperature (i.e. stress strain data were considered applicable in
less than 125"F) pipe _ tests conducted by GE [9] the determination of R.O parameters for

_

and by Vassilatos [10] which involved evaluation at 420 F.
circumferentially cracked pipes subjected to

O bending and/or pressure loading, also indicate
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-_

AllWR m-
filandara l'lant uni

A review of Figure 3E.3 4 indicates that the 3E.3.5 References |
majority of the data associated with any one test gcan be approximated by one straight line. 1. Rice, J.R., A Path Independent Integral and

the Approximate Analysis of Strain
it is seen that some of the data points Concentration by Notches and Cracks,

associated with the yield point behavior fall J. A ppl. M ech., 35, 379 386 (1968),
along the y axis.110 wever, these data points at
low stain level were not considered significant 2. llegley, J.A., and Landes, J.D., The /
and, therefore, were not included in the R.O fit. Integral as a Fracturr Criterlon, Fracture

Toughness, Proceedings of the 1971 National
The 350 F yield stress for the base material Symposium on Fracture Mechanics, Part II,

is given in Table 3E.2 3 as 37.9 ksi. Since the ASTM STP 514, American Society for Testing
dlfference between the ASME Code specified Materials, pp. 1 20 (1972).
minimum yield strengths of pipe and plate carbon
steels at 420"F and 350"F in roughly 0.9 kal, 3. Paris, P.C., Tada,11., Zahoor A., and
the a value for use at 420"F are chosen as Ernst,11., The Theory of tnstability of the
(37.9" 0.9) or 37 ksi, in summary, the Traring Alodt of Elastic Plastle Crack
following values of R O parameters are used for Growth, Elastic Plastic Fracture, ASTM STP
evaluation of 420"F: 668, J.D Landes, J.A. !!cgley, and G.A

Clarke, Eds., American Society for Testing
ci = 37,000 psi Materiais,1979, pp.5 36.g

a = 5.0 4. Ilutchinson, J.W., and Paris, P.C.,
Stability Analysis of J. Controlled Crack

n = 4.0 Growth, Elastic. Plastic Fracture, ATSM STP
668, J.D Landes, J.A. Ilegley, and

3E.3.3 Modified Limit lead Methodology for G.A. Clarke, Eds., American Society for
Austenitic Slainless Steel Piping Testing and Materials,1979, pp. 37 64. g

Reference 16 describes a modified limit load 5. Kumar, V., German, M.D., and Shih, C.F.,
methodology that may be used to calculate the An Enginerring Approach for Elastic Plastic
critical flaw lengths and instability loads for Fracture Analysis, EPRI Topcal Report
austenitic stainless steel piping and associated NP 1831, Electdc Power Research Institute,
welds. If appropriate, this or an equivalent Palo Alto, CA July 1981.
methodology may be used in lieu of the (J/T)
methodology described in 3E.3.1. 6. Advances in Elastic Plastic Fracture

Analysis, EPRI Report No. NP 3607 August
3E.3.4 filmetallic Welds 1984.

Fv joining austenitic steel to ferritic 7. ASME 11 oiler and Pressure Vessel Code,
steel, the Ni Cr Fe Alloys 82 or 182 are Section XI, Rults for /n.scrvice Inspection
generally used for weld metals. The procedures of Nuctrar Power Plant Components, ASME,
recommended in Section 3E.3.3 for the austenitic 1986 Edition,
welds are applicable to these weld metals. Tlis
is justified based on the common procedures 8. Cha ng, C.I..e t al, Piping in cias tic
adopted for flaw acceptance in the ASME Code fracture Alechanics Analysis, NUREG/CR 1119,
Section XI, Article IWB 3600 and Appendix C, for June 1980.
both types of the welds, if other types of
bimetallic weld metals are used, proper 9. Reactor Primary Coolant System Rupture
procedures should be used with generally Study Quarterly Progress Report No.14,
acceptable justification. July Srprember,1963, GEAP 5716 AEC

Research and Development Report, December
1968.

O
Amendment 2t m34

_ - _ _ _ _ - _



_

ABWR ==e
Standard Plant RIV.11

10. Vassilaros, hl.G., et al, /. Integral Traring
0 instability Analyses for S Inch Diameter ASThf
V A106 Steel Pipe, NUREG/CR 3740, April 1964.

11. llatris, D.O., Lim, EY., and Dedhia D.D.,
Probability of Pipe fracture in the Primary
Coolant Loop of a Pil'R Plant, l'olume 3,
Probabilistic Fracture hicchanics Analysis,
U.S. Nuclear Regulatory Commission Report
NUREG/LR.2189, Volume 5 Washington, DC,1981.

12.11uchalet, C.II., and llamford, W.ll., Stress
intensity Factor Solutions for Continuous
Surface Flaws in the Reactor Pressure
l'essels, hicchanics of Crack Growth, ASThi STP
$90. American Society for Testing hinterials,
1976, pp. 385 402.

13.11 ale, D.A., J.L. Yuen and T.L. Gerber,
Fatigue Crack Growth in Piping and RPI'
Stects in Simulated Dil'R lt'aler Environmnent,
General Electric Report No. GEAP 24098,
January 1978.

14. linie, D.A., C.W. Jewett and J.N. Kass,
Fatigue Crack Growth Behavir,r of Four *

Structural Alloys in fligh Temperature liigh
Purity Oxygenated it'ater, Journal of
Eugineering hiaterials and Technology, Vol.
101, July 1979.

15. I1 ale, D.A., et al, Fatigue Crack Growth in
Piping and RPl' Steels in Simulated Bif'R li'ater
Environment Update 1981, General Electric
Proprietary Report NEDE 24351, July 1981.

16. Standard Review Plan,' Public Comments
Soitcited, Federal Recister. Volume $2, No.
167. Notices, Pages 32626 to 32633, August
28, 1987.

O
V

Amendent 21 3[t3 3

!
_ _ _ _ _ _ _ _ )



_ . _ _ - _ _ _ _ _ _ _

ABWR 2mumn
Standard Plant ntiv. n

SECTION 3E.4

O courEsrs

Sectlon Dilt East

3E.4.1 trak Rate Estimation for Pines Carrdam Water 3E.41

3E.4.1.1 Description of Basis for Flow Rate Calculation 3E.41

3E.4.12 Basis for Crack Opening Area Calculation 3E.41

3E.4.1.3 Comparision Verification with Experimental Data 3E.4 2

3E.4.2 Flow Rate Estimation for Saturated Steam 3E.4 2

3E.4 2.1 Evaluation Method 3E.4 2

3E.4.2.2 Selection of Appropriate Friction Factor 3E.4-2

3E.4.2.3 Crack opening Area Formulation 3E.4 3

3E.4.3 References 3E.4-4

0

- 3E.4 il

O
Amendment 21



1

AllWR 2w.uosi:

SinndJtnWinnt nrv ^

SECTION 3E.4

ILLUSTRATIONS

mun um cau

3E.4 1 Comparison of PICEP Predictions with hicasured
Leak Rates 3n.4 6

3E.4 2 Pipe r1ow htodel 3E.4 7

3E.4 3 h1 ass llow Rates for Steam / Water hilxtures 3E.4-8

3E.4-4 Friction Factors for Pipes 3E.4 9

9

,

O
3E.4-lii

Amendment I



- - - - - - - - - - - - - - - _

ABWR mmu
Standard Plant RIV H

3E.4 LEAK RATE CALCUI.ATION against test data.

O METHODS
For given stagnation conditions and crack

Leak rates of high pressure fluids through geometries, the leak rate and exit pressure are
cracks in pipes are a complex function of crack calculated using an iterative search for the
geometry, crack surface roughness, applied exit pressure starting from the saturation
stresses, and inlet fluid thermodynamic state, pressure corresponding to the upstream
Analytical predictions of leak rates essentially temperature and allowing for friction,
consist of two separate tasks: calculation of the gravitational, acceleration and area change
crack opening area, and the estir 'lon of the pressure drops. The initial flow calculation is |
fluid flow rate per unit area. Tl 'irst task performed when the critical pressure is lowered
requires the fracture mechanics evaluuns based to the back pressure without finding a solution
on the piping system stress state. The second for the critical mass flux.
task involves the fluid mechanics considerations
in addition to the crack geometry and its surface A conservative methodology was developed to
roughness information. Each of these tasks are handle the phase transformation into a two-
now discussed separately considering the type of phase mixture or superheated steam through a
fluid state in BWR piping. crack. To make the model continuous, a

correction factor was applied to adjust the mass
3E.4.1 leak Rate Estirnation for flow rate of a saturated mixture to be equal to

-

'

Pipes Carrying Water that of a slightly subcooled liquid. Similarly,
a correction factor was developed to ensure

| EPRI developed computer code PICEP |l] may be continuity as the steam became superheated. The
used in the leak rate calculations. The basis superheated model was developed by applying
for this code and comparison of its leak rate thermodynamic principles to an I.iutropic
predictions with the experimental data is expansion of the single phase steam,
described in References 2 and 3. This code was

O I h 6 a i ih r i vrii iie er Th ed i i i rie- i ihre s*
LBB to primary piping system of a PWR. The basis . fatigue or IGSCC cracks and has been verified
fon flow rate and crack opening area calculations against data from both types. The crack surface
in PICEP is briefly described first. A compar. roughness and the number of bends account for
ison with experimental data is shown next, the difference in geometry of the two types of

cracks. The guideline for predicting leak rates
Other methods (e.g., Reference 4) may be used through IGSCCs when using this model was based

for leak rate estimation at the descretion of the on obtaining the number of turns that give the
applicant, best agreement for Battelle Phase 11 test data

of Collier et al. [5]. For fatigue cracks, it |
3E.4.1.1 Description of Basis for riow Rate is assumed that the crack path has no bends.
Calculation

3E.4.1.2 Basis for Crack Opening Area
The thermodynamic model implemented in PICEP Calculatl<m

computer program assumes the leakage flow through
pipe cracks to be isenthalpic and homogeneous, The crack opening area la PICEP code is
but it accounts for non equilibrium " flashing" calculated using the estimation scheme
transfer proccas between the liquid and vapor formulas. The plastic contribution to the
phases, diaptacent is computed by summing the

contributions of bending and tension alone, a
Fluid friction due to surface roughness of the procedure that underestimates the displacent

walls and curved flow paths has been incorporated - from combined tension and bending.110 wever, the
in the model. Flows through both parallel and plastic contr'bution is expected to be
convergent cracks can be treated. Due to the . insignificant because the applied stresses at
complicated geometry within the flow path, the normal operation are generally such that they do
model uses some approximations and empirical not produce significant plasticity at the

.O factors which were confirmed by comparison cracked location.

Amendment 21 3tl41

. .
. ..

. _ - _ _ _ _ _ - .-- -



ABWR m=n
Standard Plant Riv n

3E.4.1.3 Comparison Verification with Typical relationships between Reynolds'
Esperimental Data Number and relative roughness r/D , theh

ratio of effective surface protrusion height to
Figure 3E.41 from Reference 3 shows a hydraulle diameter, wete telled upon in this

comparison PICEP prediction with measured leak case. Figure 3E.4 4, from Reference 7,
rate data. It is seen that PICEP predictions are graphically shows such a relationship for
virtually always conservative (i.e., the leak pipes. The r/Dh ratio for pipes generally
flow rate is underpredicted). ranges from 0 to 0.50. Ilowever, for a fatigue

crack consisting of rough fracture surfaces
3E.4.2 Flow Rate Estimation for represented by a few mils, the roughness height
Saturated Steam r at some location may be almost as much as

6. In such cases, r/Dh would seem to
3E.4.2.1 Evaluation hiethod approach 1/2. There are no data or any

analytical model for such cascs, but a crude
The calculations for this case were based on estimate based on the extrapolation of the

the maximum two phase flow model developed by results in Figure 3E.4 4 would indicate that I
hioody [ Reference 6). licwever, in an LDB report, may be of the order of 0.1 to 0.2. For this
a justification should be provided by comparing evaluation an average value of 0.15 was used
the predictions of this method with the available with the modification as discussed next.
experimental data, or a generally accepted
method, if availabic, should be used. For blowdown of saturated vapor, with no

liquid present, htoody states that the friction
| The htoody predicte the flow rate of factor should be modified according to

steam. water mixtures in vessel blowdown from
pipes (see Figure 3E.4 2). A key parameter that (3E.41)
characterized the flow passage in the hioody

.d
M/3

analysis is fL/D , where, f is the coefficient f = fosp gh g
of friction, L, the length of the flow passage 6'S

and D , the hydraulic diameter. The hydraulic whereh -

diameter for the case of flow through a crack is f = modified friction factorg
26 where 6 is the crack opening displacement
and the length of the flow passage is t, the fosp = factor for single phase
thickness of the pipe. Thus, the parameter

h n the bloody analysis was interpreted as d = liquid / vapor specifie volumeiIL/D
ft/26 for the purpose of this evaluation. "E ratio evaluated at an average

static pressure in the flow path
Figure 3E.4 3 shows the predicted mass flow

rates by htoody for IL/Dh of 0 and 1. Similar This correction is necessary because the
plots are given in Reference 6 for additional absence of a liquid film on the walls of the
IL/Dh values of 2 through 100. Since the steam flow channel at high quality makes the two-phase
in the ABWR main steam lines would be essentially flow model invalid as it stands. 7he average
saturated, the mass flow rate corresponding to static pressure in the flow path is going to be
the upper saturation envelope line is the something in excess of 500 psia if the initial
appropriate one to use. Table 3E.41 shows the pressure is 1000 psia; this depends on the
mass flow rates for a range of fL/Dh values for amount of flow choking and can be determined
a stagnation pressure of 1000 psi which is from Reference 6. Ilowever, a fai' estimate of
roughly equal to the pressure in an ABWR piping (vf/vg) 1/3 is 0.3, so the friction factor
system carrying steam, for saturated steam blowdown may be taken as 0.3

of ihat for mixed flow.
A major uncertainty in calcu'.ating the leakage

rate is the vahae of f. This is discussed next. Based on this discussion, a coefficient of
friction of 0.15 x 0.3 o 0.045 was used in the

3E.4.2.2 Selection of Appropriate Friction flow rate estimation. Corrently experimental
Factor data are unavailable to validate this assumed

value of coefficient of friction.
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3114.2.3 Crack Opening Area formulation

(p) (3E.4-4)
2The crack opening areas were ulculated using Ah = ab . n . R , (3,,j co3p) g,

LEFM procedures with the customary plastic zone E 4

correction. The loadings included in the crack
opening area calculations were: pressure. weight where,
and thermal expansion,

ob = bending stress due to weight and
The mathematical expressions given by Paris thermal expansion loads

{ and Tada [8] are used in this case. The crack
opening areas for prerisure (A ) and bending # is hatt erack anglep
stresses (A ) were separately calculated andb
then added together to obtain the total area, (3E.4 5)A.c

Ig(#) = 2#' 1+[A*/*For simplicity, the calculated membranc '"

stresses from weight and thermal expansion loads ,
Sfi.13.3 ("f + 24 {1 *

I

were combined with the axial membrane stress, ' "

o , due to the pressure.p
,

+ 22.5 75 + 20$J
The formulas are summarized below:

'

Ap= (2nRt)Op (A) (3E.4 2)

(0 < # < 100")

The plastie zone correction was incorporated
p - axial membrane stress due to by replacing a and e in these formulas by ao

epressure, weight and thermal and d which are given byeexpansion loads.

E = Young's modulus 2

d rr = # + K tgL (3E.4-6)eR = pipe radius 2ntoy*

t = pipe thickness e = #c . ga

A = shell parameter = a//Rt The yleid stress, 8y, was conservatively
assumed as the average of the code specified

a = half erack length yield and ultimate strength. The stress
intensity f actor, K t ot al, in clu d e s

(3E.4-3) contribution due to both the membrane and

O (A) = A2 + 0.16 A4 (O s A 1 1)p

= 0.02 + 0.81 A2 , g,33 33
+ 0.03 A4 (11As5) Klotal * Km+Kb (3E.4-7)

(Q_/
{
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6. h1oody, F.J., hfaxionurn Two Phase l'essel |
vhere. Blowdown froin Pipes, J. Ileat Transfer, Vol. h!

88, No. 3,1966, pp. 285 295.
Km=op /a~'. F (A)p

7. Daughterly, R.L. and Frantini, J.B., Fluid |
F ( A) = ( 1 + 0.3225 A' )b hiechanics with Engine: ring Applications,p

hicGraw llll! Book Company, New York 1%5.
- 0.9 + 0.25 A (0 gas 1)

(1 4 A 5 5) 8. P.C. Paris aand 11. Tada, The Application of |
Fracture Proof Design Postulating

N6 = *b 5. Fy (0) Circumferential Through ll'all Cracks, U.S
Nuclear Regulatory Commission Report

Fh (#) = 1 + 6.8 */* NUREG/CR 3464, Washington, DC, April 1983.

13.6 '/'+20 /*

(0 s # $ 100')

The steam mass now rate, ht, shown in Table
3E.41 is a function of parameter, it/26. Once
the mas, flow rate is determined corresponding to
the calculated value of this parameter, the leak
rate in gpm can then be calculated.

3E.4.3 References

1. Norris, D., B. Chexal, T. Griesbach, P/CEP:
Pipe Crack Evaluation Program, NP 3596 SR, g
Special Report, Rev.1, Electric Power
Research Institute, Palo Alto, CA,1987.

2. Chexal, D. & J. llorowitz. A Critical Flow
Afodelfor Flow Through Cracks in Pipes, the
24th AShiE/AICilE National lleat Transfer
Conference, Pittsburgh, Pennsyvania, August
9 12, 1987.

3. D. Chexal & J. Ilorowitz, A Crack flow Rate
Afodel for Leak-Before-Break Applications,
ShilRT 9 Transactions Vol. G, pp. 281 285
(1987).

4. Evaluation and Refinement of Leak Rate
Estimation hfodels, NUREG/CR 5128, April
1991,

5. Collier, =., et al, Two Phase Flow Through
intergranular Stress Corrosion Cracks and
Resulting Acoustic Emmision, EPRI Report No,
NP-3540-LD, April 1984.
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3E.5 LEAK DETECI'lON cal'AlllLITIES

A complete description of various leak
detection systems is provided in Subsection
5.2.5. The leakage detection system gives
separate considerations to: leakage within tbc
drywell and leakage external to the drywell. The
limits for reactor coolant leakage are described
in Subsection 5.2.5.4.

The total leakage in the drywell consists of
the identified leakage ar d the unidentified
leakage. The identified leakage is that from
pumps, valve stem packings, reactor vessel head
seal and other seals, which all discharge to the
equipment drain sump. The technical
specification limit on the identified leak rate
is expected to be 25 gpm.

The unidentified tyk rate in the drywell is
the portion of the toch leakage received in the
drywell sumps that is not identified as
previously described. The licensing (technical
specification) limit on unidentified leak rate is
1 gpm. To cover uncertainties in leak detection

| capability, although it meets Regulatory Guide
1.45 requirements, a margin factor of 10 is
required per Reference 16 of Subsection 3E.3.4 to
determine a reference leak rate. A reduced
margin factor may be used if accounts can be made
of effects of sources of uncertainties such as
plugging of the leakage crack with particulate
material over time, leakage prediction,
measurentent techniques, personnel and frequency
of monitoring. For the piping in drywell, a
reference leak rate of 10 gpm may be used, unless
a smaller rate can be justified.

The sensitivity and reliability of leakage
detection systems used outside the drywell must
be demonstrated to be equivalent to Regulatory
Guide 1.45 systems. Methods that have been shown
to be acceptable include local leak detection,
f or e xam ple, visual observation or
instrumentation. Outside the drywell, the
leakage rate detection and the margin factor
depend upon the design of the leakage detection
systems.

Ob
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3E.6 GUIDELINES FOR PREPARATION Safety Relief valie Liri Transient Description

O OF AN LHH REPORT
SRV produces momentary unbalanced forces

Some of the key elements of an LBB evaluation acting on the discharge piping systern for the period :

report for a high energy piping system are: system from the opening of the SRV until a steady discharge !

description, evaluation of susceptibility to water flow from the reactor pressure vessel to the
hammer and thermal fatigue, material specification, suppreulon poolis established. This period includes
piping geometry, stresses and the LBB margin in clearing of the water slug at the end of the discharge
evaluation results. Two examples are presented in piping submerged in t'ae suppreulon pool. Pressure
the following subsections to praide guidelines and waves traveling through the ditchstge piping
illustrations for preparing an LBB cvaluation report, following the relatively rapid opening of the SRVs

,

causes the discharge piping to vibrate. This in turn .

3E.6.1 Main Steam Piping produces time dependent forces that act on the main -
steam piping segments.

3E.6.1.1 System Description
,

There are a number of events / transients /
The four 28. inch (700 mm) main steam (hts) postulated accidents that result in SRV lift:

lines carry steam from the reactor to the turbine and
auxiliary systems. The reactor coolant pressure a. Automatic opening sigul when main steam
boundary portion of each line being evaluated in this system pressure exceeds tiie set point for a
scetion connects to a flow restrictor which is a part of ' given valve (there are different set points for
the reactor g ressure venel nor21e and is designed to different valves in a given plant).
limit the rate of escaping steam frc,m the postulated
break in the downstream steam line. The restrictor b. Automatic opening signal for all valves
is also used for flow measurements during plant assigned to the automatic depressurization
operation. The safety relief vahrs (SRVs) discharge system function on receipt of proper actuation
into the pressure suppression pool through SRV signal.
discharge piping. The SRV safety function includes
protection against overpressure of the reactor c. hianual opening signal to valve selected by
primary system. The main steam line A has a branch plant operator.
connection to supply steam to the reactor core
isolation cooling (RCIC) system turbine. The SRW close when the main steam system

pressure reaches the relief mode rescat pressure or
This section addresses the hts piping system in when the plant operator manually releases the

the reactor building which is designed and - opening signals.
constructed to the requirements of the ash 1E Code, ,

Section Ill, Class 1 piping (within outermost it is assumed (for conservntism) that all SRVs are ,

isolation valve) and Class 2 piping. It is classified as activated at the same time, which produces
Seismic Category I. It is inspected according to simultaaeous forces on the main steam piping
ash 1E Code Section XL system.

3E.6.1.2 Susceptibility to Water llammer Turbine Stop Valve Closure Transient Description

Significant pressure pulsation of water hammer Prior to turbine stop valve closure, saturated -
effect in the pipe may occur as a result of opening of steam flows through each main steam line at nuclear
SRVs or closing of the turbine stop valve. A brief boiler rated pressure and mass flow rate. Upon
description of these phenomens follows.. These two signal, the turbine stop valves close rapidly and the
transients are considered in the main steam piping steam flow stops at the upstream side of these valves.
system design and fatigue analysis. These events are A pressure wave is created and travels at sonic ,

more severe than the opening er ' Mg o' a main velocity toward the reactor vessel through each main
steam isolation valve or water . aer through stream line. The flow of steam into each main steam i

main steam and SRV piph ., bioteover,the line from the reactor vessel continues until the fluid :
probability of water carry over during core flooding compression wave reaches the reactor vessel noz;de. j

O. 'In case of an accident is low. Repeated reflection of the pressure wave at the
-_ I
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Icdctor vessCl and stop Vahe cDds Of the trdn steam system. The peak pressure pulses are within the
lines produces time varying pressures and t.ociti design capability of a typical piping design and the g
at each point along '' main steam lines. The piping stresses and support loads remain within the
combination of fluid momentum changes, she.,r ASME Code ahowables,
forecs, arl pressure differences cause forcing
functions which vary with position and time to act on it is concluded that, during these water hammer
the main steam piping system. The fluid traasient type events, the peak pressures and segment loads ,

loads due to turbine stop valve closure is considered would not cause overstressed conditions for the main
es design load for upset condition. steam piping system.

Basic Fluid Transient Concept 3E.6.1.3 '!hermr' Fatigue

Despite the fact that the SRV discharge and the No thermal stratification and thermal fatigue are
turbine stop valve closure are flow starting and expectr'in the main steam piping since there is no
flow-stapping processes, respectively, the concepts of large at rce of cold water in these lines. A small
mass, momentum, and energy conservation and the amount d water may collect in the near horizontal
differential equations which represent ther.e concepts leg of the main steam line due to steam
are similar for both problems. The particular condensation. }iowever, a slope of 1/8 inch per foot
solution for either of the problems is obtained by of main steam piping is prcwided in each main steam
incorporating the appropriate initial conditions and line. Water drain lines are provided at the end of
boundary cor.itions into the basic equations. Thus, slope to drain out the condensate. Thus, in this case
relief valve diaharge and turbine stop valve closure no signincant thermal cycling effects on the main
are seen to be specific solutions of the more general steam piping are expected.
problem of crenpressible, non steady fluid flow in a
pipe. 3E.6.1.4 Piping Fittings and Safe End

Materials
The basic fluid dynamic equations which are

applicabm to both relief valve discharge a.a turbine The material specified for the 28-inch main steam g
stop valve closure are used with the particular fluid pipe is SA672 Grade C70. The correspeding speci-
boundary conditions of these occurrences. Step-wise fication for the piping fittings and Lorgings are given
solution of these equations generates a time history as SA420, WPLI) and SA350, LF2, respectively. The
of fluid properties at omerous locations along the material for the safe end forging welded between the
pipe. Simultaneously, reaction loads on the pipe are main steam piping and the steam nozzle is SA508
determined at each location corresponding to the Class 3.
position of an elbow.

3E.6.1.5 LHB Margin Evaluation
The computer programs RVFOR and TSFOR

described in Appeadix 3D are used to calculate the The Code stress analysis of the piping is reviewed
fluid transient forces an the piping system due to to obtain representative stress magnitudes. Table
safety relief valve discharge and turbine stop valve 3E.6-1 shows, for example purposes, the stress
closure. Both of the programs t.se method of magnitudes due to pressure, weight, thermal
characteristics to calculate the fluid transients, expansion and SSE loads.

The results from the RVFOR program have been The leak rate calculations are performed
verified with various inplant test measurements such assuming saturated steam conditions at 1050 psi.
as from the Monticello tests and Caoroso tests and The leak rate model for saturated steam developed
the test sponsored by BWR owner for NUREG-0737 in Section 3E.4.2 is be used in this evaluation.
at Wyle Dst facilities,ilunts lle, Alabama. Various Pressure, weight and thermal expansion stresses are
data from the strain gages e the pipes and the load included in calculating the crack opening area. A
cells on the supports were compared with the plot of leak rate as a function of crack size is
analytical data and found to be in good correlation. developed as is shown in Figure 3E.6-L The leakage

flaw length corresponding to the reference leak rate
Evaluation of the ensuing effects are considered (see Section 3E.5) is determined from this figure,

as a normal design process for t;.; main steam piping h.
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The calculations for the critical flaw size and
O instability load corresponding to leakage si7e crack
V are performed using the J.T methodology.

Specifically, the 550 F J-R curve shown in Figure
3E.2-8 and the Ramberg Osgood parameters given
in Subsection 3E.3.2.1 are used. A plot of instability
tension and bending stresses as a function of crack
length is developed. Table 3E.6-2 shows the example
presentation of calculated critical crack size and the
margin along with the instability load margin for the
leakage size crack, it is noted that the critical crack
size margin is greater than 2 and the instability load
margin also exceeds /2.

3E.6.1.6 Ccnelusion

For all example main steam lines, based upon the
reference leakage rates and assumed stress
magnitudes, leakage flaw lengths are calculated and
compared against the critical flaw length. The
margin is shown to be greater than 2 for the leakage
rates. Also, the leak size crack stability evaluation is
shown to have a margin of at least /2.

It is also shown that the conditions required for
applicabilit, of LBB (see Subsection 3.6.3.2), such as
high resirtance to failure from effects of IGSCC,
water hammer and thermal fatigue, are satisfied.,

Therefore, all four of the main steam lines qualify for
LBB behavior,

i
|

blV
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3E.6.2 Feedwater Piping Example system. The nominal thickness for both pipe sizes
correspond to tchedule 80. Table 3E.6-4 shows, for g_

3E.6.2.1 System Description example purposes, the stress magnitudes for each
pipe size due to pressure, weight, thermal expansion

The function of the feedwater (FW) system is to and SSE loads. Only the pressure weight and
conduct water to the reactor vessci over the full thermal expansion stresses are used in the leak rate
range of the reactor power operation. The feedwater evaluation, where a sum of all stresses is used in the
piping consists of two 22-inch (550 mm) diameter instability load and critical flaw cvaluation,
lines from the high. pressure feedwater heaters,
connecting to the reactor vessel through three 3E.6.2.6 LilB Margin Evaluation
Ibinch (300 mm) risers on each line. Each line has
one check valve inside the containment drywell and The incoming water of the feedwater system is in
one positive closing check valve r.,utside containment. e subcooled state. A:cordingly, the leakage flaw
During shutdown cooling mode, reactor water length calculations are based on the procedere
pumpd through the RilR heat exchanger in one outlined in Section 3E.4.1. The saturation pressure,
loop is returned to the vessel by way o one P for each pipe size is calculated from the normalr

feedwater line. o$, ration temperatures given in Table 3E.6-3. The
leak rates are calculated as a function of crack

This section addresses the feedwater pipic % length. The leakage flaw lengths corresponding to
the reactor building, extending from the vessei .. a the reference leak rate (see Section 3E.5) are then
the outboard isolation valve (ASME Class 1) and determined.
further through the shutoff valve to and including the
seismic interface restreint (ASME Class 2). This The calculations for the critical flaiv size and the
section of the feedwater piping is classified as instability load coiresponding to leakage size cracks

! Seismic Category I. is performed using the J-T methodology. Speci.
I fically, the J T curve shown in Figure 3E.2-9 and the

3E.6.2.2 Susceptibility 19 Water llammer Ramberg-Osgood parameters given in Subsection
3E.3.2.2 are ured. Table 3E.6-5 shows the example hThere is no record of feedwater piping failure presentation of calculated critical crack sizes, and the

due to water hammer. Although there are several margins along with the instability load margins for
check valves in the feedwater system, operating the leakage size cracks. Results are shown for both
procedure and the control systems have been the 22-inch and 12-inch lines. It is noted that the
designed to limit the magnitude of water hammer critical crack size margin is greater than 2 and the
load to the extent that a formal design is not instability load margin also exceeds /2.
required.

3E.6.2.7 Conclusion
3E.6.2.3 Thermal Fatigue

For the example feedwater piping, based upon the
Thermal fatigue is not a concern in ABWR feed. reference leakage rate and assumed stress

water piping. The ASME Code evaluation includes magnitudes, leakage flaw lengths are calculated for
operating temperature transients, cold and hot water 22-inch and 12. inch lines. Comparison with critical
mixing and thermal stratification, crack lengths shows marg n to be greater than 2.

Also, the leak. size crack stability evaluation shows a
3E.6.2.4 Piping. Fittings and Safe End Material margin of at least /2.

The material for piping is either SA333, Gr. 6 or It is also demonstrated that the feedwater line
SA-672, Gr. C70, meets other LBB criteria of Subsection 3.6.3.2

including immunity to failure from effects of IGSCC,
3E.6.2.5 Piping Sizes, Geometries and Stresses water hammer and thermal fatigue. Therefore, the

feedwater lines qualify for LBB behavior.
Table 3E.6 3 shows the normal operating

temperatures, pressures and thickness for
representative pipe sizes i- 4e example feedwater

O
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- Table 3E 6-1

STRESSES IN THE h1AIN STEAh! LINES
(Assumed for example)

Img. Weight +
Nominal Pipe Nominal Pressurt Thermal SSE
Pipe O.D. Thickness Stress Expansion Stress

'

Size (in) (in) (ksi) Stress (ksi)
(in) (ksi)

28 28.0 132 5.17 3.0 5.0

Table 3E.6-2

CRITICAL CRACK LENGTH AND INSTABILITY LOAD MARGIN
EVALUATIONS FOR hiAIN STEAM LINES (Example)

Referenec Margins on
3'y leakage Critical Instability

2Pipe Referente Crack Crack Hending lead at
Size leak Rate length length Stress, S Critical Leakage

b
(in) (gpm) (in) (in) - (ksi) Crack Crack

28 10' 13.45 30,7 24.2 23^ 2.2

Notes:

1. Based on Equation 3E3-9a
2. Based on Equation 3E-9b.
3. See Section 3E.5.

O
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Table 3E.6 3

DATA FOR FEEDWATER SYSTEM PIPING (EXAMPLE)
f

Nominal
Pipe Pipe Nominal Nominal Operating
Size O.D. Rickness Temperature Pressure
(in) (in) (in) ( F) (psig)

12 12.75 0.687 420 1100

22 22.0 1.031 420 1100

Table 3E.6-4

STRESSES IN FEEDWATER LINES (ASSUMED FOR EXAMPLE)

Weight +
Nominal Logitudinal %ermal - Sarc Shut down '

Pipe Pressure Expansion - Earthquake (SSE) g-
Size Stress Stre=s Stress
(in) (bi) (ksi) - (ksi)

12 5.1 4.0 5.0

22 5.4 4.0 5,0

!

O
,
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Table 3E.6 5

CRITICAL CRACK LENGTH AND INSTABILITY LOAD
MARGIN EVALUATIONS FOR FEEDWATER LINES (EXAMPLE)

'

Reference Magins on
3

Leakage Critical Instability#

i Pipe Reference Crack Crack Bending Load'at
Size leak Rate Length Length Stress, S Critical 14akage

b
: (in) (gpm) (in) (in) (ksi) Crack Crack

12 10' 5.7 13.1 24.0 23 2.1"

22 10' 6.7 20.4 25.6 3.1 2.2

|

Notes:
e

i 1. Based on Equation 3E3-9a
2. Based on Equation 3E-9b.,

3. See Section 3E.5.

O
'

.

|

,

1

J

; O
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4.4.233 Regions of the Power Flow Map 4.4.233 Flow Control -;

'.

Region ! This region defines the system _ The normal plant startup procedure requires
operational capability with the. the startup of all R1Ps first and maintain at
reactor internal pumps running at their minimum pump speed (30% of rated), at
their minimum speed (30%). Power which point reactor heatup and pressurization

.

changes, during normal startup and can commence. When operating pressure has been .
shutdown, will be in this region. The established,= reactor power can be increased. ,

normal operating procedure is to start This power flow increase will follow a line
up along curve 1. within Region I of the flow control map shown in

.

Figure 4.4-1. The system is then brought to the
Region II This is the low power area of the desired power flow level within the normal oper-

operating map where the carryover . ating area of the map (Region IV) by increasing
through steam separators is expected the RIP speeds and by withdrawing control rods,
to exceed the acceptable value.
Operation within this region is Control rod withdrawal with constant pump
precluded by system interlocks. speed will result in power / flow changes along

lines of constant pump' speed (Curves 1 through
RegionIII This is the high power / low flow area 8). Change of pump speeds with constant control

of the operating map which the system rod position will result in power / flow changes
is the least damped. Operation within- along, or nearly parallel to, the rated flow
this region is precluded by SCRRI _ control line (curves A through F).
(Selected Control Rods Run In).

RegionlV This represents the normal operating
zone of the map where power changes

O can be made by either control rod
movement or by core flow changes,
through the change of the pump speeds.

#
4.4.23.4 Design Features for Power Flow
Control

4.4.2.4 Dermal and Hydraulic Characteristics
The following limits and design features are Summary Table

employed to maintain power-flow conditions shown
in Figure 4.4-1: The thermal hydraulic ~ characteristics are

provided in Table 4.41 for the core and tables
(1) . Minimum Power Limits at Intermediate and of Section 5.4 for other portions of the reactor

High Core Flows: To prevent unacceptable coolant system,
separator performance, the recirculation :
system is provided with an interlock to
reduce the RIP. speed.

(2) Pump Minimum Speed Limit:' The Reactor
Internal Pumps (RIPS) are equipped;with
Anti-Rotation Devices (ARD) which prevent a
tripped RIP from rotating backwards. The

- ARD begins operating at 300 rpm decreasing
speed. In order to prevent mechanical wear
in the ARD, minimum speed is specified at
300 rpm. However, to provide a stable

|

_

- operation. the minimem pump speed is set at-

=

450 rpm (30% of required).
..
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4.4.3 Imose Parts Monlioring System signal is provided during control rod movement and
other plant maneuvers that may initiate a spurious g

The loose parts monitoring system (LPhtS) is alert-level alarm,
designed to provide detection of loose metallic
parts within the reactor pressure vessel. LPhtS sensort, are usually accelerometers. The
Detection of loose parts can provide the time array of LPhtS accelerometers typically consist of
required to avoid or mitigate safety related twelve to twenty sensors that are strategically
damage to or malfunctions of primary system mounted on the external surface of the primary
components. PhtS detect structure borne sound pressure boundary at various elevations and
that can indicate the presence of loose parts azimuths at natural collection regions for
impacting against the reactor pressure vessel potentialloose parts. General mounting locations
internals. The LPhiS detection system can are at the a) main steam outlet nozzle, b)
evaluate some aspects of selected signals, feedwater inlet nozzle, c) core spray nozzles, and
llowever, the system by itself will not diagnose d) control rod drive housings. The sensors will
the presence and location of a loose part, be mounted in such a fashion as to provide high
Expert diagnostic by an experie ced LPhi engineer frequency response and sensitivity,
is required to confirm the presence of a loose
part. The online system sensitivity is such that the

system can detect a metallic loose part that
4.43.1 Power Generation Design Itases weighs between 0.25 lb to 30 lbs and impacts with

kinetic energy of 0.5 ft lb on the inside surface
The LPhtS is designed to provide detection and of the reactor pressure vessel within 3 feet of a

operator warning of loose parts in the reactor sensor. The LPhtS frequency range of interest is
pressure vessel to avoid or mitigate typically from 1 to 10 kilz. Frequencies lower
safety-related damage to or malfunctions of than 1 kliz are generally associated with flow
primary system components. The LPMS is not induced vibration signals or flow noise.
classified as a safety-related system, although
it is designed in conformance with Regulatory Physical separation is maintained from the $Guide 1.133. sensors at each natural collection region to an

area where they are combined and routed through
Additional design considerations provide for the cable penetration to a termination point. The

the inclusion of electronic features to minimize termination point is at a point in the plant that
operator interfacing requirements during normal is accessible for maintenance during full power
operation and to enhance the analysis function operation,
when operator action is required to investigate
potential loose parts. The LPPMS includes provisions for both

automatic and manual start up of data acquisition
4.43.2 System Description equipment with automatic activation in the event

the preset alert level is reached or exceeded.
The LPMS continuously monitors the reactor The system also initiates an alarm to the control

pressure vessel and appurtenances for indications room personnel when an alert condition is
of loose parts. The LPMS consists of sensors, reached. The data acquisition system will
cables, signal conditioning equipment, alarming automatically select the alarmed channel plus
monitor, signal analysis and data acquisition additional channels for simultaneous recording,
equipment, and calibration equipment. The alarm The signal ..nalysis equipment will allow immediate
setting for each sensor is determined after visual and audio monitoring of all signals,
system installation is complete. The alarm
setting is set low enough to meet the sensitivity Provisions exists for periodic online channel
requirements, yet is designed to discriminate check and functional tests and for offline channel
between normal background noises and the loose calibration during periods of cold shutdown or
part impact signal to minimize spurious alarms. refueling. The LPMS clectronics are designed to
Each sensor channel is isolated to reduce the facilitate the recognition, location, replacement,
possibility of signal ground loop problems and to repair, and adjustment of malfunctioning LPMS
minimize by use of tuned filters. A disable components. The LPMS components located inside h
Amendment 21 4.44
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the containment have been designed and installed signal, and the waveform and frequency content.
O to perform their function following all seismic False alert signals due to plant maneuvers are
V events that do not require plant shutdown, up to avoided by the use of administrative procedures by

and including the Operation Basis Earthquake, control room personnel.
The LPhtS components selected for this application
are rated to meet the normal operating radiation, Usually the plant operator makes the
vibration, temperature, and humidity environments preliminary evaluation based on the available
in which the components are installed. information, if the presence of unusual metal

impact sound is indicated, then the station
All LPhtS components within the containment are engineers perform additional evaluation. LPhi

designed for a 60 year design life, in those experts are required to correctly diagnose the
instances where a 60 year design life is not presence and location of a loose part. In order
practicable, a replacement program will be to reach proper conclusions, various factors must
established for those parts that are anticipated be considered such as: plant operating conditions;
to have limited service life, location of the channels that alarmed; and

comparison of the amplitude and frequency contents
4A.33 Normal System Operation of the signals with known normal operation data.

The LPhtS will be set to alarm for detected 4AJA Safety Evaluation
signals having characteristics of metal to-metal
impacts. The LPhtS is intended to be used for information

purposes only by the plant operator. The plant
After installation of the sensor array, the operators do not rely on the information provided

LPhtS overall and individual channels can be by the LPhtS for the performance of any
characterized at plant start up before operation safety related action. Although the LPhtS is not
monitoring. Each accelerometer channels will classified as a safety related system, it is
exhibit its own particular and unique frequency designed to meet the seismic and environmental

O v '< Tai r, a > is < . e<- i en diii'r -- a iie er a s i te<x o ia=
background noise, results from a combination of L133.
botL internal and external sources due to normal
and transient conditions. 4A3.5 Test and Inspection

Calibration is an important part of LPhtS The LPMS will be calibrated to detect a
operation. The LPhtS is calibrated to detect a metallic loose part that weighs from 0.25 lb to 30
loose part with minimum impact energy of 0.5 lbs and impacts with kinetic energy of 0.5 ft lb
ft lb within 3 feet of a sensor. Alarm level within 3 feet of each sensor. Provisions will be
setpoint is determined by using a manual made to verify the calibration of the LPhtS at each
calibration device to simulate the presence of a refueling. The system will be recalibrated as
loose part impact near each sensor. The setpoint necessary when found to be out of calibration. A
is typically based on a percentage of the test and reset capability will be included for
calibration signal magnitude, and is a function functional test capability,
of actual background noise. Additionally,
calibrated impacts at various locations near the The manufacturer will provide services of
senors assist in diagnosing the source of the qualified personnel to provide technical guidance
signal. for installation, start up, and acceptance testing

of the system. In addition, the manufacturer will
Discrimination logic is typically incorporated provide the necessary training of' plant personnel

in the LPMS to avoid spurious alarms, for proper system operation and maintenance and
Discrimination logic rejects events that do not planned operating and record keeping procedures,
have the characteristics of an impact signal of a
loose part. Typical discrimination functions are 4A3.6 Instrumentation Application
based on the length of time the signal is above

q the setpoint, the number of channels alarming, The LPMS consists of sensors, cables, signal
V the time between alarms, the repetition of the

Amendment 21 4.44.1
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conditioning equipment, alarming monitor, signal
analysis and data acquisition equipment, and g-
calibration equipment.

9
.4.4.4 COL License information 1

4.4.4.1 Power Flow Operating Map

The specific power flow operating map to be
used at the plant will be provided by the utility
to the USNRC for information. -

4.4.4.2 'Ihermal Umits

The thermal limits for the core loading at
the plant will be provided by the utility to the
USNRC for information.

. . .

O

-

& - - '
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years in BWR applications. Extensive laboratory

[ tests have demonstrated that XM.19 is a suitable
% catarial and that it is resistant to stress

corrosion in a BWR environment.
,

4.53 Interfaces

4.5J.1 CRD inspection Program

The CRD inspection program shall include,

provisions to detect incipient defects before
they could become serious enough to cause
operating problems. [See Subsection 4.5.1.2(2)]
The CRD nonle and CRD bolting are included in
the inservice inspection program, [See Table
5.2 8, System Number B11/B12) CRD bolting is
available for inservice examinations during
normally scheduled CRD maintenance.

O
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(2) the primary side of *he auxiliary or reclose as generated heat decays. The pressure
,

emergency systems interconnected with the increase and relief cycle will continue with
' primary system; and lower frequency and shorter relief discharges as

the decay heat drops off.
(3) any blowdown or heat dissipation system

connected to the discharge side of the Remote manual actuation of the valves from
pressure relieving devices. the control room i. recommended to minimize the

total number of these discharges with the ir?cnt
The schematic arrangements of the SRVs are of achieving extended valve seat life,

shown in Figures 5.2 3 and 5.2 4.
The SRV is opened by either of the following

5.2.2A Equipment and Component Description two modes of operation:

5.2.2A.1 Description (1) The safety (steam pressure) mode of
operation is initiated when the direct and

The nuclear pressure relief system consists increasing static inlet steam pressure
of SRVs located on the main steamlines between overcomes the restraining spring and the

,

the reactor vessel and the first tentation valve frictional forces acting against the inlet
within the drywell. These valves protect against steam pressure at the main disc or pilot
overprer.aure of the nuclear system. disc and the main disc moves in Ibn opening

direction at a faster rate than
The SRVs provide three main protection corresponding disc movements at higher or

functions: lower inlet steam pressures. The condition
at which this action is initiated is termed

(1) overpressure relief operation (the valves the " popping pressure" and corresponds to
are opened using a pnuematic actuator upon the set-pressure value stamped on the
receipt of an automatic or manually- nameplate of the SRV.
initiated signal to reduce pressure or to
limit a pressure rise); (2) The relief (power) mode of operation is

initiated when an electrical signal is
(2) overpressure safety operation (the valves received at any of the solenoid valves

function as safety valves and open to located on the pneumatic actuator
prevent nuclear system overpressurization - assembly 't he solenoid valve (s) will open,
they are self actuated by inlet steam allowing pressurized air to enter the lower
pressure if not already signaled open for side of the pneumatic cylinder piston which
relief operation); pushes the piston and the rod upwards.

This action pulls the lifting mechanism of
(3) depressurization operation (the ADS valves the main or pilot disc thereby opening the

open automatically as part of 'he emergency valve to allow inlet steam to discharge
core cooling system (ECCS) for events through the SRV until the inlet pressure is
involving small breaks in the nuclear system near or equal to zero,
process barrier. The location and number of
the ADS valves can be determined from Figure The pneumatic operator is so arranged that if

| 5.1-3). it malfunctions it will not prevent the valve
from opening when steam inlet pressure reaches

Chapter 15 discusses the events which are the spring lift set pressure.
expected to activate the primary system SRVs.
The section also summarizes the number of valves For overpressure SRV operation (self-actuated
expected to operate in safety (steam pressure) or spring lif t mode), the spring load
mode of operation during the initial blowdown of establishes the safety valve opening setpoint
the valves and the expected duration of this pressure and is set to open at setpoint

! first blowdown. For several of the events it is
n expected that the lowest set SRV will reopen and

I U
,
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5.23.4.13 Cold Worked Austenttic Stainless high alloy steels or other materials such as
Steels static and centrifugal castings and biratallics

joints should comply with fabrication require.
Cold work controls are applied for components ments of Sections III and IX of the AShtE Boiler

made of austenitic stainless steel. During and Pressure Vessel Code, it also requires
fabrication cold work is controlled by applying additional perforrnance qualifications for
limits in hardness, bend radii and surface finish welding in areas of limited access.
on ground surfaces.

All ASME Section til wc!ds are fabricated in
5.23.4.2 Control of Welding accordance with the requirements of Sections 111

and IX of the ASME Boiler and Pressure Vessel
5.23.4.2.1 Avoidance ofIlot Cracking Code. There are few restrictive welds involved

in the fabrication of BWR components. Welder
Regulatory Guide 131 describes the acceptable qualification for welds with the most restric-

method of implementing requirements with regard tive access is accomplished by mockup welding.
to the control of welding when fabricating and h{ock up is examined by sectioning and radiography {
joining austenitic stainless steel components and (or UT). A
systems.

The Acceptance Criterion II.3.b.(3) of SRP
Written welding procedures which are approve! Section 5.2.3 is based on Regulatory Guide

by GE are required for all primary pressure boun- .71. The ABWR design meets the intent of this
dary welds. These procedures comply with the regulatory guide by utilizing the alternate
requirements of Sections III and IX of the AShfE approach as folivws:
Boiler Pressure Vessel Code and applicable NRC
Regulatory Guides. When access to a non-volumetrically examined

ASME Section til production weld (1) is less
O All austenitic stainless steel weld filler than 30f mm in any direction and (2) allows |U materials were require" by specification to have welding from one access direction only, such

a minimum delta ferrite content of 8 FN (ferrite weld and repairs to welds in wrought and cast
number) determined on undiluted weld pads by low alloy steels, austenitic stainless steels
magnetic measuring instruments calibrated in and high nickel alloys and in any combination of
accordance with AWS specification A4.2 74. these materials shall comply with the fabrica-

tion requirements specified in ASME Boiler and
Delta ferrite measurements are not made on Pressure Vessel Code Section 111 and with the

qualification welds. Both the ASME Boiler and requirements of Section IX invoked by Section
Pressure Vessel Code and Regulatory Guide 131 Ill, supplemented by the following requirements: ,,,

specify that ferrite measurements be performed on ;i

Aundiluted weld filler material pads when magnetic (1) The welder performance qualification test
instrument. are used. There are no requirements assembly required by ASME Section IX shall
for ferrite measurement on qualification welds. be welded under simulated access condi-

tions. An acceptable test assembly will
5.2.3.4.2.2 Wegulatory Guide 134: Electrostag provide both a Seetion 1X weIder
Welds performance qualification required by this

Regulatory guide.

| See Subsection 5.233.2.2.
If the test assembly weld is to be judged
by bend tests, a test specimen shall be

5.23.4,23 Regulatory Guide 1.71: Welder removed from the location least favorable
Qualification or Areas of Limited Accessibility Ior the welder. If this test specimen

cannot be removed from a location
Regulatory Guide 1.71 requires thet weld prescribed by Section IX, an additional

n fabrication and repair for wrought low-alloy and bend test specimen will be required. If
U the test assembly weld is to be judged by

Amendment t$ 5.2-15
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radiography or UT, the length of the weld to and Pressure Vessel (ASME Code) Cods Section gbe examined shall include the location least til and XI of the ASME B&PV Code Section XI.
favorable for the welder.

The design to perform preservice inspection
Records of the results obtained in welder is based on the requirements of the ASME Code,
accessibility qualification shall be as Section XI,1989 Edition. The development of
certified by the manufacturer or installer, the preservice and inservice inspection program
shall be maintained and shall be made plans will be the responsibility of the COL
accessible to authorized personnel, applicant and will be based on the ASME Code,

Section XI, Edition and Addenda specified in
Socket weld with a 50A nominal pipe size and accordance with 10CFR50, Section 50.55a. For
under are excluded from the above design certification, General Electric is

5 requirements. responsible for designing the reactor pressure
n vessel for accessibility to perform preservice

(2) (a) For accessibility, when more restricted and inserviw inspection. Pscsponsibility for
access conditions than qualified will designing other components for preservice and
obscure the welder's line of sight to inservice inspection is the responsibility of
the extent that production welding will the COL applicant. The COL applicant will be
require the use of visual aids such as responsible for specifying the Edition of the
mirrors. The qualification test as- ASME Code, Section XI, to be used, based on the
sembly shall be welded under the more procurement date of the component per 10CFR50,
restricted access conditions using the Section 53.55a. The ASME Code requirements
visual aid required for production discussed in this section are provided for
welding. information and are based on the 1989 Edition of

ASME Section XL
(b) GE complies with ASME Section IX.

5.2.4.1 Class 1 System Boundary
(3) Surveillance of accessibility qualification g

requirements will be performed along with 5.2.4.1.1 Definition
normal surveillance of ASME Section IX
performance qualification requirements. The cbss ? ptem boundary for both

preservice and inservice inspection programs anJ
5.23.43 Regulatory Guide 1.66: the system pressure test program includes all
Nondestructive Examination of Tubular Products those items within the Class ; and Quality Group

A boundary on the piping and instrumentation
For discussion of compliance with Regulatory drawings (P&lDs). Based on 10 CFR (11-90

Guide 1.66, see Subsection 5.2.3.3.3. Edition) and Regulatory Guide 1.26, Revision 3,
that boundary includes the following:

5.2A Preservice and Inservice
Inspection and Testing of Reactor (1) Reactor pressure vessel
Coolant Pressure Boundary (2) Portions of tbc main steam system

(3) Portions of the feedwater system
This subsection describes the preservice and (4) Portions of the standby liquid control

inservice inspection and system pressure test system
programs for NRC Quality Group A, ASME Boiler and (5) Portions of reactor water cleanup system
Pressure Vessel Code, Class 1, items.' li (6) Portiens of the residual heat removal system
describes those programs implementing the (7) Portions of the reactor core isolation
requirements of Subsection IWB of the ASME Boiler cooling system

(8) Portions of the high pressure core flooder
system

* Items as used in this subsection are products
constructed under a Certificate of Authori:ation Those portions of the above systems within
(NCA-3120) and material (NCA-1220). See Section the Class 1 boundary are those items which are
III, NC+1000, footnote 2. part of the reactor coolant system up to and

Amendment 2t 5.2.til
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including any and all of the following:

V (1) the outermost containment isolation valve in
the system piping which penetrates primary
reactor containment.

(2) the second of two valves normally closed
during normal reactor operation in system
piping which does not penetrate primary
rea',:or containment.

(3) the reactor coolant system safety and relief
valves,

(4) the main steam and feedwater system up to
and including the outermost containment
isolation valve.

5.2.4.1.2 Exclusions

Portions of systems within the reactor
coolant pressure boundary, as defined in
Subsection 5.2.4.1.1, that are excluded from the
Class 1 boundary in accordance with 10CFR50,
Section 50.55a, are as follows:

o

n
V

Amendment 21 5.2-15.2
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(1) those components where, in F.c event of RPV outside surface to provide access for remotely

(V3
postulated failure of the component during operated ultrasc.nic examination devices as
normal reactor operation, the reactor can be described in Subsection 5.2.4.3.2.1. Access for the
shut down and cooled down in an cederly insertion of automated devices is provided through
manner, assuuting makeup is provided by removable insulation panels at the top of the shield
the reactor coolant makeup system only; and wall and at access ports at reactor vessel nozzles.

Platforms are attached to the bioshield wall to
(2) components which are or can be isolated provide access for installation of remotely operated

from the reactor coolant system by two nozzle examination devices.
valves (both nosed, both open, or ce closed
and one open). Each such opte valve is (2) RPV Welds Above Top of the Biological Shield
capable of automatic actuation and if the Wall
other valve is open its closure time is such
the,in the event of postulated failure of the Access to the reactor pressure vessel welds above
component during normal reactor operation, the top of the biological shield wallis provided by
each valve remains operable and the reactor removable insulation panels. This design provides
can be shut down and cooled down in an reasonable access for both automated as well as
orderly manner assuming makeup is manual ultrasonic examination.
provided by the reactor coolant makeup
system only. (3) Closure Head, RPV Studs, Nuts and Washers

The description of portions of systems The closure head is dry stored during refueling.
excluded from the reactor coolant pressure Removable insulation is designed to provide access
boundary does not address Class I com- for manual ultrasonic examinations of closure head
ponents exempt from inservice examin- welds. RPV nuts and washers are dry stored and
ations under ASME Code, Section XI, rules. are accessible for surface and visual (VT-1)
The Class 1 components exempt from examination. RPV studs may be volumetrically

(') inservice examinations are described in examined in place or when removed.
ASME Code, Section XI, IWB 1220.

(4) Bottom Head Welds
5.2.4.2 Accessibility

Access to the bottom head to shell weld and bottom
All items within the Class 1 boundary are head seam welds is provided through openings in

designed to provide access for the examinations the RPV support pedestal and removable insulation
required by AShfE Section XI,IWB-2500. Items panels around the cylindrical lower portion of the
such as nozzle-to-vessel welds often have inherent vessel. This design provides access for manual or
access restrictions when vesselinternals are automated ultrasonic examination equipment.
installed therefore for preservice examination Sufficient access is provided to partial penetration
shall be perfor.ned on these items prior to nozzle welde i.e., CRD penetrations,
installation of internals which would interfere with instrumentation nozzles and recirculation internal
examination. pump penetration welds, for performance of the

'

visual, VT-2, examination during the system leakage
5.2.4.2.1 Reactor Pressure Vessel Access and system hydrostatic examinations.

Access for examinations of the reactor (5) Reactor Vessel Support Skirt
pressure vessel (RPV) is incorporated into the
design of the vessel, biological shield wall and The integral attachment weld from the nurrber four
vessel insulation as follows: shell course forging to the RPV skyt will be

examined ultrasonically. Sufficient access is
(1) RPV Welds Below the Top Biological Shic!d provided for either manual or automated ultrasonic

Wall examination. Access is provided to the balance of
the support skirt for performance of visual, VT-3,

The shield wall and vessel insulation behind examination.q
Q the shield wall are spaced away from the

Amendment 21 5.246
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5.2.4J.211 ping. Pumps, Valtes and Supports
v

Physical arrangement of piping pumps and
valves provide person;ci access to each wcld
location far performance of ultrasonic and surface
(rongn-tic pai.icle or liquid penetrant)
examinatiot s and sufficient access to supports for

! performance of visual, VT.3, examination.
Working platforms are provided in some

O
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areas to fa6ilitate senicing of pumps and vakes. Section XI from presenice requirements, such as VT 3
Platforms and ladders are provided for access to examination of valve body and pump casing internal
piping welds including the pipe to reac or vessel surfaces (ll L 2 and U ht 2 examination categories,'

nonle welds. Removable thermal insuhtion is respectively) and the visual VT 2 examinations for
provided on welds and components which require categories li E and B P.
frequent access for exa nination or are located in
high radiation areas. Welds are located to permit Supplemental examinations recommended in GE
ultrasonic examination from at least one side, but Service Information Letters (SILs) and Rapid
where component geometries permit, access itom Communication Senice Information Letters (RICSILs)
both sides is psovid;d. for previous llWR designs are not applicable to the

ABWR. The ADWR d: sign has either climinate<lthe
Restrictions: For piping systems and components addressed by the SIL or RICSIL, e.g., jet

portions of piping systems subject to volumetric pumps, or has climinated the ieed for the examination
and su: face examination, the following piping by climinating creviced designs and using materials
designs are not used: resistant to the known degradation mechanisms, sudi as

intergrannular stress corrosion cracking, upon which
(1) Valve to valve the SIL and RICSIL examinations weie based.
(2) Valve to reducer
(3) Valve to tee 5.2.43.2 Examination hirthods
(4) Elbow to cibow
(5) Elbow to tec 5.2.4.3.2.1 Ultrasonic Examination of Ihe Reactor
(6) Noule to cibow Yessel

(7) Reducer to cibow
(8) Tee to tee Ultrasonic examination for the RPV will be conducted
(9) Pump to valve in accordance with the AShtE Code, Section XI. The

design to perform presenice inspection on the reactor
Straight sections of pipe and spool pieces vessel shall be based on the requirements of the AshtE

shall be added between fittings. The minimum Code, Section XI,1989 Edition. For the required
length of the spool piece has been determined by preservice examinetions, the reactor vessel shall meet
using the formulate L = 2T + 152mm, where L the acceptance standards of Section XI,IWB 3510. The
equals the length of the spool piece (not including '.PV shell welds are designed for "10% accessibility for
weld preparation) and T equals the pipe wall .>oth preservice and inservice inspection. The RPV
thickness. nonte to shell welds will be 100% accessible for

presenice inspection but might have limited areas that
5.2.43 Esamination Categories and hiethods will not be accessible from the outer surface for

inservice examination techniques, flowever, the
5.2.4.3.1 Examination Categories inservice inspection program for the reactor vessel is

the responsibility of the COL applicant and any
The examination category of each item is listed inservice inspection program relief request will be

in Table 5.2 8 which is provided as an example for reviewed by the NRC staff based on the Code Edition
the preparation of the presenice and inservice and Addenda in effect and inservice inspection
inspection program plans. The items are listed by techniques available at the time of COL application.
system and line number where applicable, Table
5.2 8 also states the method of examination for The GE reactor vedel inspection system (GERIS)
each item. The preservice and inservice meets the detection and sizing requirements of
examination plans will be supplemented with Regulatory Guide 1.150, as cited in Table 5.2 9. Inner
detailed drawings showing the examination areas, radius examinations are performed from the outside of
such as Figures 5.2-7a and 5.2 7b. the nonle using several compond angle transducer

wedges to obtain complete coverage of the required
For the preservice examination, all of the examination volume. Electronic gating used in GERIS

items selected for inservice examination shall be system records up to 8 different reflectors
performed once in accordance with AShiE simultaneously to assure that all relevant indications are

p Section XI,IWB 2200 with the exception of the recorded. Appendix 5A demonstrated compliance with
() examinations specifically excluded by ash 1E Regulatory Guide 1.150.

Amendment 21 Sj-t?
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5.2.43J.2 Visual Examination Volumetrie ultrasonic direct examination shall tic
/7 perforrued in accordance with AShtE Section XI,
V Visual exatulaation methods, VT 1, VT 2 IWA 2232. In order to perform the examination, sisual

and \T.3, shall be conducted in accordance with access to place the head and shoulders within 508mm of
AShtE Section XI, IWA-2210. In addition, VT 2 the area of interest s'nall be provided where feasible,
examinations shall meet the requirements of Nine inches between adjacent oipes is sufficient spacing
IWA 5240. If there is free access on each side of the pipes. The

transducer dimension has been considered: a 38mm
Direct visual, VT 1, examinations shall be diameter cylinder,76mm long placed with access at a

conducted with sufficient lighting to resolve a right angle to the surface to be examined. The
0.8mm black line on an 18% neutral grey card, ultrasonic examination instrument has been considered
Where direct visual, VT.1, examinations are as a rectangular box 305 x 305 x $08mm located wi;hin
conducted without the use of mirrors or with 12m from the transducer. Space for a second examiner
other viewing aids, clearance (of at least 610mm to monitor the instrument shall be provided if
of clear space) is provided where feasible for the necessary.
hen.1 and shoulders of a man within a working
arm's length (508mm) of the surface to be Insulation removal for inspection is to allow
examined. sufficient room for the ultrasonic transducer to scan the

examination area. A distance of 2T plus 152mm where
At locations where leakages are normally T is pipe thickness,is the minimum required on each

expected and leakage collection systems are side of the examination area. The insulation design
located. (e.g., valve stems and purrp seals), the generally leaves 406mm on each side of the wc!d, which
visual, VT 2, examination shall verify that the exceeds minimum requirements,
leakage collection system is operative.

5.2.4J.2.5 Alternative Examination Techniques
piping runs shall be clearly identified and

laid out such that insulation damage, leaks and As provided by ASME Section XI,IWA 2240,O structural distress will be evident to a trained alternative examination methods, a combination ofU visual examiner, methods, or newly developed techniques may be
substituted for the methods specified for a given item in

5.2.43.23 Surface Examir,ation this section, provided that they are demonstrated to be
equivalent or superior to the specified method. This

hingnetic particle and liquid penetrant provision allows for the use of newly develora.d
examination techniques shall be performed in examination methods, techniques, etc., which may i alt
accordance with AShtE Section XI,1WA 2221 in improvements in examination reliability and
and IWA 2222, respectively. Direct examination reductions in personnel exposure,
access for magnetic particle (h1T) and penetrant
(IT) examination is the same as that required for 5.2.43.3 Data Recording
direct visual (VT 1) examination (Subsection
5.2.43.23), except that additional access shall be hianual data recording will be performed where
provided as necessary to enable physical co-tact manual ultrasonic examinations are performed,
with the item in order to perform the examination. Electronic data recording and comparison analysis are
Remote h1T and IT generally are not appropriate 5 be employed with autoraated ultrasonic examination
as a standard examination process, however, equipment. Signals form each ultrasonic transducer
boroscopes and mirrors can be used at close range will be fed into a data acquisition system in which the
to imptove the angle of vision. As a minimut , key parameters of any reflectors will be recorded. The
insulation removal shall expose the area of each data to be recorded for manual and automated methods
weld plus at least 152mm from the toe of the weld are:
on each side. insulation will generally be removed
406mm on each side of the weld. (1) Location

(2) position
5.2.43.2.4 Volumetric Ultrasonle Direct (3) Depth below the scanning surface
Examination (4) Length of the reflector,

Amendmen 21 3.2.t7.t
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(5) Transa % data including angle and 5.2A.6 Sptem bakage and Hydrostatic Pressurt Testa
frequency g

(6) C.alibration data 5.2A.6.1 Splem bakage Tests

The data so recorded shall be compared As required by Section XI,IWB 2500 for Category
with the results of subsequent examinations to B.P. a system leakage test shall be performed in
determine the behavior of the reflector, accordance with IWB 5221 oc all Class 1 components

and piping within the pressure retaining boundary
5.2A.3A Qualification of Personnel and following each refueling outage, for the purposes of
Examluation Splems for Ultrasonic the system leakage test, the pressure retaining boundary
Examination is defined in Table IWD 2500-1, Category B P, Note 1.

The system leakage test shall include a VT 2
Personnel performing exa_ w shallbe examination in accordance with NA 5240. The system

qualified in accordance with AS! t. .;cction XI, leakage test will be conducted approximately at the
Appendix Vll. Ultrasonic examination systems maximum operating pressure and temperature
shall be qualified in accordance with industry indicated in the applicable process flow diagram for the
accepted program for implementation of ASME system as indicated in Table 1.71. The system
Section XI, Appendix Vill, hydrostatic test (Subsection 5.2A.6.2), when performed

is acceptable in lieo of the system leakage test.
5.2AA inspection Intervals

5.2A.6.2 Hydrostatic Perssure Tests
The inservice inspection intervals for the-

ABWR will conform to inspection Program B as As required by Section XI,IWB 2500 for Catep y
described in Section XI. IWB 2412. Except where B P, the hydrostatic pressure test shall be performed in --
deferral is permitted by Table IWB 25001, the acenidance with ASME Section IWB 5222 on all Class
percentages of examinations completed within - ! cc.mponents and piping v.ithin the pressure retaining
each period of the interval shall correspond to boundary once during each 10 year inspection interval.
Table IWB 24121. An example of the selcction For purposes of the hydrostatic pressure test the g
of items and examinations to be conducted within pressure retaining boundary is defined in Table
the 10 year intervals are described in Table 5.2 8. lWB 25001, Category B P, Note 1. The system

Supplemental examinations recommended in GE hydrostatic test shall include a VT 2 examination in
Service information Letters (SILS) and Rapid accordance with IWA 5240. For the purposes of
Communication Service information Letters determining the test pressure for the system hydrostatic
(RICSILS) for previous BWR designs are not test in accordance with IWB 5222 (a), the nominal
applicable to the ABWR. The ABWR design has operating pressure shall be the maximum operating
either climinated the components addressed by pressure indicated in the process flow diagram for the
the SIL or RICSIL, e.g., jet pumps, or has nuclear boiler system, Figure 5.13.
eliminated the need for the materials resistant to
the known degradation mechanisms, such as 5.2A.7 Code Exemptions
intergrannular stress corrision cracking, upon
which the SIL and RICSIL examinations were As provided in ASME Section XI, IWB 1220,
based. certain portions of Class 1 systems are exempt from the $

volumetric and surface examination requirements of
5.2A.5 Evaluation of Examinatinn itesults IWB 2500. These portions of systems are specifically

- identified in Table 5.2-8.
Examination results will be evaluated in

accordance with ASME Section XI,IWB 3000
with repairs based on the requirements of

' IWA 4000 and IWB 4000. Re examination shall
be conducted in accordance with the requirements
of IWA 2200. The recorded results shall meet the
acceptance standards specified in IWB 3400-1.

Araendment 2t 5.2 17.2
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Table 5.2-8 yy
EXANINATION CATEGORIES $

a C-s
b Quality System System System P&ID Sec. XI Items Exam N~~

Group Number Title Description Diagram Exas Cat. Examined Method =
~

=
A BII/BZI Reactor Reactor Pressure Vessel Figure =

Pressure 5.I-3 ~

Vessel / Vessel Shell Welds B-A Welds UT
Nuclear (Note 7)Boller Vessel Head Welds B-A Welds UT

(Note 7)Shell-to-Flange Weld B-A Weld UT

Head-to-Flange Weld B-A Weld UT, MT

Nozzles for: B-D Welds, UT
Main Steam, Feedwater, Inner
SD Outlet, CCS(Fidg.) & Radius

' SD Inlet, SD - RWCU
SD Outlet, CCS(Spray) &
SD Inlet

CRD Housing to Middle B-G-2 Bolts VT-1
Flange and Middle Flange
to Spool Piece Bolting

Nozzles for CRD, RIP & B-E External VT-2 I

Instrumentation Su-faces (Note 8)

Closure Head Nuts B-G-1 Nuts NT

Closure Studs B-G-1 Studs UT, MT
(Note 9)

[p Threads in Flange B-G-1 Threads UT

F-
pfM

Closure Washers, Bushings B-G-1 VT-I~~



_

Table 5.2-8

EXAMINATION CATEGORIES (Con't) TS>
! $
h Quality System System System P&ID Sec XI Items Exam

E Group Number Title Description Diagram Exam Cat. Examined Method @$
2W
~

,,

A Bil/B21 Reactor Reactor Pressure Vessel Figure ::-

5.I-3Pressure 9
~

~ Vessel /
Nuclear
Boiler
(Cont.) B-H Welds UT or MT iIntegral Attachments

(Note 10)

B-N-1 Yessel VT-3
Vessel Interior (Note 11) |

|5-N-2 Weids VT-I
Interior Attac!went (Note 12)Welds Within Beltline
Region

Interior Attachment B-N-2 Welds VT-3

Welds Beycnd Beltline (Note 12)
Region

.

I

e=h$x

9 0 e
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| ment of $93 C rainimum was applied to all (2) if the coolant temperature difference be-
low alloy steel wclds, tween the dome (inferred from P (sgt))

and the bottom head drain exceeds 55 C, |
All previous llWR pressure vessels have neither reactor power level not

employed similar fabrication methods. These recirculation pump flow shall be
vessels have operated for an extensive number of increased,

years and their service history is rated
excellent. The limit regarding the normal rate of heatup

and cooldown (Item 1) assures that the vessel
533A inspection Requirements closure, closure studs, vessel support skirt,

control rod drive housing, and stub tube
All plates, forgings, and bolting were 100% ul- stresses and usage remain within acceptable

trasonically tested and surface examined by mag- limits. Vessel temperature limit on recircu.
netic particle methods or liquid penetrant me- lating pump operation and power levelincrease
thods in accordance with AShtE Code, Section 111. restriction (Item 2) augments the item 1 limit
Welds on the reactor pressure vessel were exam- in further detail by ascuring that the vessel
ined in accordance with methods prescribed and bottom head region will not be warmed at an ex-
meet the acceptance requirements specified by cessive rate caused by rapid sweep out of cold
ash 1E Code, Section Ill. In addition, the pres. coolant in the vessel lower head region by
sure retaining welds were ultrasonically examined recirculating pump operation or natural circula-
using acceptance standards which are required by tion (cold coolant can accumulate as a result of
ash 1E Code, Section XI. control drive inleakage and/or low recirculation

flow rate during startup or hot standby).
533.5 Shipment and Installation

These operational limits when maintained en-
The completed reactor vesselis given a thor- sure that the stress limits within the reactor

ough cleaning and examination prior to shipment, vessel and its components are within the thermal
Os The vessel is tightly scaled for shipment to pre- limits to which the vessel was designed for nor-

vent entry of dirt or moisture. Preparations for mal operating conditions. To maintain the integ-
shipment are in accordance with detailed rritten rity of the vessel in the event that these op-
procedures, erational limits are exceeded, the reactor ves-

sel has been designed to withstand a limited
On arrival at the reactor site the reactor number of transients caused by operator error,

vessel is examined for evidence of any contamina- Also, for abnormal operating condi' ions where
tion as a result of damage to shipping covers, safety systems or controls provide an automatic
h{casures are taken during installation to assure temperature and pressure response in the reactor
that vessel integrity is maintained; for example, vessel, the reactor vessel integrity is main-
access controls are applied to personnel entering tained since the severest anticipated transients
the vessel, weather protection is provided, and have been included in the design conditions.
periodic cleanings are performed. Therefore, it is concluded that the vessel integ-

tity will be maintained during the most severe
533.6 Operating Conditions postulated transients since all such transients

are evaluated in the design of the reactor
Procedural controls on plant operation are vessel,

implemented to hold thermal stresses within ac-
ceptable ranges and to meet the pressure /tempe- 533.7 Insenice Sunelliance
rature limits of Subsection 5.3.2. The
restrictions on coolant temperature are as inservice inspection of the reactor pressure
follows: vessel will be in accordance with the require-

ments of the AShtE Doder and Pressure Vessel
(1) the average rate of change of reactor Code, Section XI. The vessel will be examined

coolant temperature during normal heatup once prior to startup to satisfy the preopera-
p and cooldown shall not exceed 55 C tional requirements of IWB 2000 of AShtE Code,
V during any one hour period; Section XI. Subsequent inservice inspection

Amendment 15 5.3 11
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monitor changes in the fracture toughness proper.
ties of ferritic materials in the reactor vessel g
beltline region resulting from exposure to
neutron irradiation and thermal environment,
Specimens of actual reactor beltline material
will be exposed in the reactor vessel and peri-
odically withdrawn for impact testing. Operating
procedures will be modified in accordance with
test results to assure adequate brittle. fracture
control.

Material surveillance programs and inservice
inspection programs are in accordance with appil.
cable ASME Code requirements and provide anut.
ance that brittle. fracture control and pressure
vessel integrity will be maintained throughout
the service lifetime of the reactor pressure
vessel.

5.3.4 COL License Informntion

5.3A.1 Fracture Tnughness Data

Fracture toughness data based on the limiting
reactor vessel materials will be provided (See
Subsection 5.3.1.5.1).

53A.2 Materials and Sunelliance Capsule g
The following will be identified: the

specific materials in each surveillance capsule;
the capsule lead f actors; the withdrawal
schedule for each surveillance capsule; the
neutron fluence to be received by each capsule at
the time of its withdrawal; and, the vessel
end.of. life peak neutron fluence (See Subsection
53.1.6.4).

5.3.5 References

1. An Analytical Study on Brittle Frccture of
GE BWR Vessel Subject to the Design Basis Ac-
cident, (NEDO-10029).

2. Transient Pressure Rises Affecting Fracture
Toughness Requirements for Boiling Water Reac-
fors, January 1979, (NEDO 21778-A).

O
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the main condenser, and the ferdwater system will (3) replenishes reactor vesselinventory,
supply the makeup water required to maintain

similar function, hence providing single failure |
reactor vessel inventoiy. Redundantly the llPCF system performs a'

in the event the reactor vessel is isolated protection. Iloth systems use different reliable
and the feedwater supply unavailable, relief electrical power sources which permit operation
valves are provided to automatically (or remote with either onsite or offsite power. Addition-
manually) maintain vessel pressure within desir- ally, the RilR system performs a residual hwat
able limits. The water level in the reactor removal function,
vessel will drop due to continued steam gen-
eration by decay heat. Upon reaching a predeter. 5.4.6.1.1.2 Isolation
mined low level, the RCIC system will be initi.
ated automatically. The turbine-driven pump will isolation valve arrangements include the fol-
supply demineralized make up water from (1) the lowing:
condensate storage tank (CST) to the reactor
vessel and (2) the suppression pool. Seismically (1) Two RCIC lines penetrate the reactor coolant
installed level instrumentation is provided for pressure boundary. The first is the RCIC
automatic transfer of the water source with steamline which branches off one of the main
manual override from CST to suppression pool on steamlines between the reactor vessel and
receipt of either a low CST water level or high the main steam isolation valves. This line
suppression pool level signals (CST water is has two automatic motor operated isolation.
primary source). The turbine will be driven with valves, one is located inside and the other
a portion of the decay heat steam from the outside the drywell. An automatic
reactor vessel and will exhaust to the suppres. motor operated inboard RCIC isolation bypass
sion pool. Suppression pool water is not usually valve is used. The isolation signals noted
deminerallred and hence should only be used in earlier close these valves.
the event all sources of deminerallred water have
been exhausted. (2) The RCIC pump discharge line is the other

line that penetrates the reactor coolant
During RCIC operation, the suppression pool pressure boundary, which directs flow into a

shall act as the heat sink for steam generated by feedwater line just outboard of the primary
reactor decay heat. This will result in a rise containment. This line has a testable check
in pool water temperature. RilR heat exchangers valve and an automatic motor operated valve
are used to maintain pool water temperature located outside primary containment,
within acceptable limits by cooling the pool
water. (3) The RCIC turbine exhaust line also pene.

trates the containment. Containment
5.4.6.1.1 Reildualileat and isolation penetration is located about a meter above

the suppression pool maximum water level. A
5.4.6.1.1.1 Residual lical vacuum breaking line with two vacuum

breakers in series runs in the suppression
The RCIC system shall initiate and discharge, pool air space and connects to the RCIC

within 30 seconds, a specified constant flow into turbine cxhaust Iine inside the
the reactor vessel over a specified pressure containment. Located outside the
range. The RCIC water discharge into the rgactor containment in the turbine exhaust line is a
vessel varies between a temperature of 4.5 C up remote manually controlled motor operated
to and including a temperature of 77"C. The isolation valve.
mixture of the cool RCIC water and the hot steam
does the following:

(1) quenches steam, (4) The RCIC pump suction line, minimum flow
pump discharge line, and turbine exhaust

p (2) removes reactor residual heat, and line penetrate the containment and are sub-
d

Amendment 21 5.4-11
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merged in the suppression pool. The isolation A design flow functional test of the RCIC i
valves for these lines are outside the contain- system may be performed during normal plant op- h',

ment and require automatic isolation operation, cration by drawing suction from the suppression ,

except for the turbine ex.haust line which has pool and discharging through a full flow test
remote manual operation. return line to the suppression pool. All compo.

nents of the RCIC system are capabic of indi-
The RCIC system design includes interfaces with vidual functional testing during normal plant op.

redundnal leak detection devices, monitoring: eration. System control provides automatic ;

return from test to operating mode if system
(1) a high pressure drop across a flow device in initiation la required, and the flow 16 auto-

the steam supply line equivalent to 300 malleally dit:cted to the vessel. i
!percent of the steady state steam flow at

| 83.8 kg/cm2 abs pressure; Also, see Subsection 5.4.6.2.4.

(2) a high area temperature utillring tem 5.4.6.1J.2 ManualOperation
perature switches as described in the leak i

detection system (hlgh area temperature shall In addition to the automatic operational fea.
be alarmed in the control room); tures, provisions are included for remote manual -

startup, operation, and shutdown of the RCIC
|(3) a low reactor pressure of 3.5 kg/cm2g system provided initiation or shutdown signals

minimum: and do not exist. j
(4) a high pressure between the RCIC turbine 5.4.6.1J Loss of(Elle Power

exhaust rupture diaphragms.
The RCIC system power is derived from a tell-

These devices, activated by the redundant power able source that is maintained by either onsite
supplies, automatically isolate Ibc steam supply or offsite power. gto the RCIC turbine and trip the turbine. IIPCF
provides redundancy for RCIC should RCIC become 5.4.6.1.4 Physical Damage
isolated,

j

The system is designed to the requirements ;

5.4.6.lJ Reliability, Operability,and M ' val presented in Table 3.21 commensurate with the
'Operation safety importance of the system and its equip-

ment. The RCIC is physically located in a dif.
5.4.6.1.2.1 Reliability and Operability ferent quadrant of the reactor building and uti- ,

lizes different divisional power and seperate
The RCIC system (Table 3.21) is designed com- electrical routings than its redundant system as

'

mensurate with the safety importance of the system discussed in Subsection 5.4.6.1.1.1 a n d
,

and its equipment. Each component is indl. 5.4.6.2.4. !
vidually tested to confir 1 compliance with system j
requirements. The system as a whole is tested 5.4.6.1.5 Environment ;

during both the start up and pre operational !

phases of the plant to set a base mark for system The system operates for the time intervals !

reliability. To confirm that the system main. and the environmental conditions specified in ,

tains this mark, functional and operability Section 3.11. |
testing is performed at predetermined intervals '

throughout the life of the plant. 5.4.6.2 Spiem Design |

5.4.6.2.1 General

!

|

'

!.
Amendment 15 5.4-12
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SAll line of the RilR loop 'D* The cooled effluent
hm of the NRllL goes through the CUW pumps to the

The CUW system: two filter demineratirers for cleanup. CUW
system discharge is split to feedwater lines 'A'

(1) removes solid and dissolved impuritics from and 'D". The system p&lD is provided in Figure
the reactor coolant and measures the reactor 5.4 12.
water conductivity in accordance with
Regulatory Guide 1.56,' Maintenance of Water The total capacity of the system, as shown on
Purity in Boiling Water Reactors *; the process flow diagram in Figurc 5.713 is

equivalent to 2% of ratcd feedwater Dow. Each
(2) provides containment isolation that places pump, NRIIX, and filter deminerallrcr is capable |

the major portion of the CUW sy6 tem outside of 50% system capacity operation, with the one
the RCPB, limiting the potential for RilX capable 100% system capacity operation.
ignificant release of radioactivity from

the primary system to the secondary The operating temperatur e of the
containment; filter demineralizer units is limited by the ion

exchange resins; therefore, the reactor coolant
(3) discharge excess reactor water during must be cooled before being processed in the

startup, shutdown, and hot standby filter d mineralizer units. The regenerative
conditions to the main condenser or radwaste heat exchanger transfers heat from the tubeside
or suppression pool; (hot process inlet) to the shellside (cold

process return). The shellside flow returns to
(4) provides full system flow to the RPV head the reactor. The non regenerative heat

spray as required for rapid RPV cooldown and exchanger cools the process further by
rapid refueling; and transferring heat to the reactor building

cooling water system.''

(\
(5) minimizes RPV temperature gradients by

maintaining circulation in the bottom head The filter.deminerallrcr units are pressure
of the RPV during periods when the reactor precoat type filters using powdered ion exchange
internal pumps are unavailable, resins. Spent resins are not regenerated and |

are sluiced from the filter demineralizer unit
The CUW system is automatically removed from to a backwash receiving tank from which thev .-

service upon SLCS actuation. This isolation transferred to the radwaste system for pro-
prevents the standby liquid reactivity control cessing and disposal. To prrow.: resins from
material from being removed from the reactor entering the reactor in the event of failure of
water by the cleanup system. The design of the a filter deminerallrcr resin support, a strainer
CUW system is in accordance with Regulatory Guide

is installed on the filter deminerallier unit |1.26 and Regulatory Guide 1.29. Each strainct and filter deminerallier vessel
has a control room alarm that is energized by

5A.8.2 System Description high differential pressure. Upon further
increase in differential pressure from the alarm |

The CUW is a closed loop system of piping, point, the f11ter demineratirer will
circulation pumps, a regenerative heat exchanger, automatically isof atc.
non regenerative heat exchangers, reactor water
pressure boundary isolation valves, a reactor The backwash and precoat cycle for a
water sampling station, (part of the sampling filter deminerallrcr unit is automatic to
system) and two precoated filter deminerallrers, minimire the need for operator intervention.
During blowdown of reactor water swell, the loop The filter demineraliter piping configuration is
is open to the radwaste or suppression pool. The complete and crud traps are eliminated. A
single loop has two parallel pumps taking common bypass line is provided around the filter-
suction through a regenerative heat exchanger demineralizer units,

g (RilX) and two parallel non regenerative heat

Q' exchangers (NRIIX) from both the single bottom
head drain line and the shutdown cooling suction

Amendment 18 5.4-25
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5.4 Jt.t line of the RllR loop 'll'. The cooled effluent
of the NRilXs goes through the CUW pumps to the g

The CUW system: Iwo filter demineralirers for cleanup. CUW
system discharge is split to feedwater lines 'A'

(1) removes solid and dissolved impurities from and 'II". The system P&lD is provided in Figure
the reactor coolant and measures the reactor $.L12.
water conductivity in accordance with
Regulatory Guide 1.56,' Maintenance of Water The total capacity of the system, as shown on
Purity in Dolling Water Reactors"; the process flow diagram in Figure 5.413 is |

equivalent to 2% of rated feedwater flow. Each
(2) provides containment isolation that places pump. NRilX, and filter deminerallrer is capable

the major portion of the CUW system outside of 50% system capacity operation, with the one
the RCPU, limiting the potential for RIIX capable 100% system capacity operation.
significant release of radioactivity from
the prlenary system to the secondary The operating temperature of the
containment; filter deminerallier units is limited by the ion

xchange resins; therefore, the reactor coolant
(3) discharge excess reactor water during must be cooled before being processed in the

startup, shutdown, and hot standby filter deminerallrcr units. The regenerative
conditions to the main condenser or radwaste heat exchanger transfers heat from the tubeside
or suppression pool; (hot process inlet) to the shellside (cold

process return). The shellside flow returns to
(4) provides full system flow to the RPV head the reactor. The non regenerative heat

spray as required for rapid RpV cooldown and exchanger cools the process further by
rapid refueling; and transferring heat to the reactor building

cooling water system.
(5) minimites RPV temperature gradients by

maintaining circulation in the bottom head The filter deminerallrcr units are pressure g
of the RPV during periods when the reactor precoat type filters using powdered ion exchange
internal pumps are unavailable. resins. Spent resins are not regenerated and

are sluiced from the filter deminerallrer unit
The CUW system is automatically removed from to a backwash receiving tank from which they are

service upon SLCS actuation. This isolation trantferred to the radwaste system for pro-
prevents the standby liquid reactivity control cessing and disposal. To prevent resins from
material from being removed from the reactor entering the reactor in the event of failure of
water by the cleanup system. The design of the a filter deminerallrer resin support, a strainer
CUW system is in accordance with Regulatory Guide is installed on the filter deminerallrer unit.
1.26 and Regulatory Guide 1.29. Each strainer and filter demineraliter vessel

has a control room alarm that is energized by
5.4.8.2 System Description high differential presuure. Upon further

increase in differential pressure from the alarm
The CUW is a closed loop system of piping, poln(, the f11ter demineratirer will

circulation pumps, a regenerative heat exchanger, automatically isolate,
non regenerative heat exchangers, reactor water
pressure boundary isolation valves, a reactor The backwash and precoat cycle for a
water sampling station, (part of the sampling filter demineralizer unit is automatie to
system) and two precoated filter demineralizers. minirnire the need for operator intervention.
During blowdown of reactor water swell, the loop The filter demineralizer piping configuration is
is open to the radwaste or suppression pool. The complete and crud traps are climinated. A
single loop has two parallel pumps taking common bypass line is provided around the filter-
suction through a regenerative heat exchangcr demineralizer units.
(R11X) and two parallel non regenerative heat
exchangers (NRilX) from both the single bottom
head drain line and the shutdown cooling suction h
Amendment 21 5426
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in the event of low flow or loss of flow in demineralizer compartment is normally permitted

O the system, the precoat is maintained on the only after removal of the precoat. Penetrations
septa by a holding pump. Sample points are through compartment walls shall be located so as
provided in the common influent header and in not to compromise radiation shiciding
each effluent line of the filter deminerailrcr requirements. Primarily, this affects norrie
units for continuous indication and recording of locations on tanks so that wall penetrations do
system conductivity, liigh conductivity is not 'sec* the tanks. Tenerally, this means
annunciated in the control room. The influent piping through corr ertment walls should be
sample point is also used as the normal source of -a b o v e , b e l o w, o r t a t h e aide of
reactor coolant grab samples. Sample analysis filter.deminerallrcr units. The local control
also indicates the eifcctiveness of Ihe panel shall be outside the vessel compartment
filter.deminerallrer units, and process valve cell, located convenient to

the CUW system. The tank which receives
The suction line (RCPB portion) of the CUW backwash shall be located in a separate shiclAd

system contains two motor. operated isolation room below the filter deminerallrer units.
valves which automatically close in response to
signals from the leak detection and Isolation The filter demineralizer vents are piped to'

system, actuation of the standby liquid control the backwash receiving tank. Piping vents and
system, and high filter demineralizer inlet drains are directed to low conductivity
temperature. Subsection 7.3.1.1.2 describes the collenion in radwaste. System pressure relief
leak detection and Isolation system setpoints valves are piped to radwaste. Refer to Figure
that are summarized in Tables 5.2 6 and 5.2 7. 5.412 for the exact configuration.
This isolation prevents loss of reactor coolant
and release of radioactive material from the A remote, manually operated gate valve on the
reactor, prevents removal of liquid reactivity return line to the feedwater lines in the steam
control matettal by the cleanup system should the tunnel provides long term leakage control.
St.CS be in operation, and prevents exceeding the Instantaneous reverse flow isolation is provided

O d ia i -n r i r erih co w d ih- 6x 6 * iv i ih cow P ri .i

filter.deminerallrcr resins. The RCPB isolation
valves may be remote manually operated to isolate CUW system operation is controlled from the
the system equipment for maintenance or main control room. Filter deminerallring
servicing. Discussion of the RCPB is provided in operations, which include backwashing and .
Section 5.2. precoating, are controlled automatically from a

process controller or manually from a local
Each filter demineralizer vessel shall be ' panel,

installed in an individual shleided compartment.
The compartments shall not require accessibility
during operation of the filter.deminerallrer - 5.4.8.3 Splem Evaluation
unit. Shiciding is required duc'to the
concentration of radioactive products in the The CUW system, in conjunction with the
filter.demineralizer process system. Service condensate treatment system and the fuel pool
space shall be provided the filter demineralizer - cooling and cleanup system, maintains reactor.
for septa removal. All inlet, outlet, vent, water quality during all reactor operating modes
drain, and other process valves shall be located (normal, hot standby, startup, shutdown, and
outside the filter deminerallrcr compartment in a refueling).
separate shleided area together with the
necessary piping, strainers, holding pumps and The CUW system has process interfaces with-

.

instrument elements. Process equipment and the RHR, control rod drive, nuclear boiler,
controls shall be arranged so that all normal radwaste, fuel pool cooling and cleanup (FPC),
operations are' conducted at the panel from reactor building cooling water systems, RPV, and
outside the vessel or valve and pump compartment suppression pool. The CUW suction is from the
shieIding walls. Access to the filter. RHR *B* shutdown suction line and the RPV bottom

head drain. The CUW system main process pump.O
Amendment 21 $427
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(2) The feedwater lines are designed to conduct The materials used in the piping are in
water to the reactor vessel over the full accordance with the applicable design code and
range of tractor power operation. supplementary requirements described in Section

3.2. The valve between the outboard isolation
5.4.9.3 Description valve and the shutoff valve upsticam of the RIIR

entry to the feedwater lice is to effect a
The main steam piping is described in Section clor,ed loop outside containment (CLOC) for

10.3. The main steam and feedwater piping from containment bypass leakage control (Subsections
the reactor through the containment isolation 6.2.6 and 6.5.3).
Interfaces is diagrammed in Figure 5.13.

The general requirements of the feedwater
As discussed in Table 3.21 and shown in system are described in Subsections 7.1.1.7,

Figure 5.13, the main steamlinea are Quality 7.7.1.4, 7.7.2.4, and 10.4.7.
Group A from the reactor vessel out to and includ-
ing the outboard htSIV and Quality Group 11 from 5.4.9.4 Safety 1: valuation
the outboard htSIVs to the turbine stop valve.
They are also Seismic Coogory I only from the Differential pressure on reactor internals
reactor pressure vessel ouf to the seismic inter- under the assumed accident condition of a rup-
face restraint. tured stearnline is limited by the use of flow

restrictors and by the use of four main steam.
The feedwater piping consists of two 550 A lines. All main steam and feedwater piping will

diameter lines from the feedwater supply header be deslyned lu accordance with the requirements
to the reactor. Isolation of each line is defined in Section 3.2. Design of the piping in
accomplished by two containment isolation valves accordance with these requirements ensures
consisting of one check valve inside the drywell meeting the safety design bases,
and one positive closing check valve outside
containment (Figure 5.13). Also included in 5.4.9.5 Inspection and Testing g

i this portion of the line is a manual maintenance
'

| valve (F005) between the inboard isolation valveTesting is carried out in accordance with
and the reactor nonie. The design temperature Subsection 3.9.6 and Chapter 14. Intervice
and pressure of the feedwater line is the same as inspection is considered in the design of the
that of the reactor inlet norzte (i.e.,87.9 main steam and feedwater piping. This consider-

2kg/cm g and 3020C). ation assures ade.juate working space and access
for the inspection of selected components.

The feedwater piping upstream of the second
isolation valve contains a remote, manual, 5.4.10 Pressurizer
motor operated gate valve and upstream of the
gate valve, a seismic interface restraint. The Not Applicable to BWRy

g outboard isolation valve and the seismic inter-
face restraint provide a quality group transi- 5.4.11 Pressurizer Relief Discharge System
tional point in the feedwater lines.

Not Applicable to BWR
As discussed in Table 3.21 and shown in

| Figure 5.13 the feedwater piping is Quality 5.4.12 Valves
Group A from the reactor pressure vessel out to
and including the outboard isolation valve, 5.4.12.1 Safety Design Itases

g Quality Groun 0 from the outboard isolation valve
;; to and incluo,ng the scismic interface restraint. Line valves, such as gate, globe, and check

and Quality Group D beyond the shutoff valve.
The feedwater piping and all connected piping of

| 65A or larger nominal size is Seismic Category I
only from the reactor pressure vessel out to and
including the seismic inter face restraint. h
Amendment 15 5A-28
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valves, are located in the fluid systems to normal plant operation msy be partially -
O perform a mechanical function. Valves are exercised during this period to assure their

components of the system pressure boundary and, operability at the time of an en.ergency or
having moving parts, are designed to operate faulted condition. Other valves, s'rving as a
efficiently to maintain the integrity of this system block or throttling valves, may be
boundary. exercised when appropriate.

The valves operate under the Internal Leakage from critical valves steam is
pressure / temperature loading as well as the monitored by use of double packed stuffing boxes
external loading experienced during the various with an intermediate lantern leakoff connection
system transient operating conditions. The for detection and measurement of leakage rates,
design criteria, the design loading, and
acceptability criteria are as specified in Motors used with valve actuators will be
Subsection 3.9.3 for ASME Class 1,2, and 3 furnished in accordance with applicable industry
valves. Compliance with ASME Code is discussed standards. Each motor actuator will be assem.
In Subsection 5.2.1. bled, factory tested, and adjusted on the valve

for proper operation, position, torque switch
5.4.12J Description setting, position transmitter function (where

applicable), and speed requirements. Valves
Line valves are manufactured standard types will be to demonstrate adequate stem thrust (or

designed and constructed in accordance with the torque) capability to open or close the valve -
requirements of ASME Code Section ill for Class within the specified time at specified differ-
1,2, and 3 valves. All materials, exclusive of ential pressure. Tetts will verify no
seals, packing, and wearing components, shall mechanical damage to valve components during
endure the 60 year plant life under the full stroking of the valve. Suppliers will be
environmental conditions applicable to the required to furnish assurance of acceptability

O particular system when appropriate maintenance is of equipment for the intended service based on
periodically performed. any combination of:

Power operators will be sired to operate (1) test stand data,
successfully under the maximum differential
pressure determined in the design specification. (2) prior Geld performance,

5.4.12J Safety Evaluation (3) prototype testing, and

I,ine valves will be shop tested by the (4) engineering analysis.
manufacturer for performability. Pressure
retaining parts are subject to the testing and Prc. operational and operational testing
examination requirements of Section III of the performed on the installed valves consists of
ASME Code. To minimize internal and external total circuit checkout and performance tests to
leakage past seating surfaces, masimum allowable verify specd requirements at specifled
leakage rates are stated in the design differential pressure,
specifications for both back seat as well as the
main seat for gate and globe valves. 5.4.13 Safety / Relief Valves

Valve construction materials are compatible - The reactor component and subsystem SRVs are -
with the masimum anticipated radiation dosage for listed in Table 5.4 5. The RilR relief valves
the senice life of the valves, are discussed separately in Subsection

5.4.7.1.3.
5.4.12.4 Inspection and Testing -

5.4.13.1 Safety Design Itases
Valves serving as containment isolation

valves which must remain closed or open during Overpressure p otection is provided at

Amendment 7 5.4-29
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isolatable portions of the following syste.ns: Support types and materials used for
SLC, RilR, llPCF, and RCIC. The relief valves fabricated support elements are to conform with g
will be selected in accordance with the rules set Sections NP 2000 and NP 3000 of AshtE Code
forth in the AShiE Code Section 111, Class 1,2, Section Ill. Pipe support spacing guidelines of
and 3 components. Other applicabic sections of Table 121.1.4 of At!Si !!31.1, Power Piping Code,
the AShtE Code, as well as ANSI, API, and ASThi are to be followed.
Codes, will be followed.

5.4.14.2 Description
5.4.13J Description

The use and the location of rigid type
Pressure relief valves have been designed and supports, variable or constant spring type

constructed in accordance with the same code supports, snubbers, and anchors or guides are to
class as that of the line valves in the system, be determined by flexibility and scismic/ dynamic

stress analyses. Component support elements are
Table 3.21 lists the applicable code classes manufacturer standard items. Direct weldment to

for valves. The design criteria, design loading, thin wall pipe 1. to be avoided where pmsible.
and design procedure are described in Subsection
3.9.3. 5.4.14.3 Safety Evaluation

5.4.13.3 Safety ihaluation The ficxibility and seismic / dynamic analyses
are to be performed for the design of adequate

The use of pressure relieving devices will component support systems included all transient
assure that over pressure will not exceed 10% loading conditions expected by each component,
above the design pressure of the system. The Provisions are to be made to provide spring type
number of pressure-relieving devices on a systern supports for the initial dead weight loading due
or portion of a system has been determined on to hydrostatic testing of steam systems to
this basis, prevent damage to this type support.

O
5.4.13.4 Deleted 5.4.14.4 Inspection and Testing

After completion of the installation of a
support system, all hanger elements are to be
visually examined to assure that they are in
correct adjustment to their cold setting
position. Upon hot start up operations, as
discussed in Subsection 3,9.2.1.2, thermal

5.4.14 Component Supports growth will be observed to confirm that
spring type hangers will function properly

Support elements are provided for those between their hot and cold setting positions,
components included in the RCPil and the connected Final adjustment capability is provided on all
systems. hanger or support types. Wcld inspections and

standards are to be in accordance with AShtE Code
5.4.14.1 Sarsty Design Itases Section 111. Welder qualifications and tvelding

procedures are in accordance with /.ShtE C Je
Design loading combinations, design Section IX and NF-4300 of ASN1E Code Section 111.

procedures, and acceptability criteria are as
described in Subsection 3.9.3. Flexibility 5.4.15 References
calculations and scismic analysis for Class 1,2,
and 3 components are to be confirmed with the 1. Dc.tign and Performance of General Electric
appropriate requirements of ASk1E Code Section Boiling IYater Reactor Main Steam Line
!!I. holation l'alves, General Electric Co.,

Atomic Power Equipment Department, htarch
1%9 (APED 5750).

O
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- Table 6.1 1O
ENGINEERED SAFETY FEATURES COMPONENT MATERIALS (Continued)

Speelneation
Compoacnt Lita Mattdal (ASTM /ASMD

IIPCF .

Same as RIIR A atxwe.

RCIC
.

Same as RiiR A atxwe.

Standby Liquid Control Pump
(No welding) |

Huid Cylinder
. Forging Stainless Steel SA182 P304

Cylinder IIcad, Valve Plate - Stainless Steel _ SA240 Type 304
Cover, and Stufting Box -
Range Plate

Cylinder llead Extension, Bar - Stainless Steel SA479 Type 304 .
Valve Stop, and Stuffing
Box

Stuffing Box Gland Forging Stainless Steel SA564 Type 630(111100)

.O and Plungers <

Studs Bar Alloy Steel SA193 Grade B7
Nuts Forging Alloy Steel SA194 Grade 7

Standby Liquid Storage Tank

Tank Plate Stainless Steel SA240 Type 304
Fittings Forgings Stainless Steel SA183 Gr F304
Pipe Pipe Stainless Stact SA312 Type 304
Welds Electrodes Stainless Steel FA 5.4 & 5.9,

Types 308,30% |
316L

Containment Vessel Plate Carbon Steel- SA516 Gr 70
Plate Stainless Steel SA240 Type 304L

Penetrations Forging Carbon Steel SA350 Gr LF 1 or 2
Forging Stainless Steel : SA182/F304L

Structural Steel Shapes Carbon Steel A 36

O
Amendment 19 6.14
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Table 6.1 1

ENGINEERED SAFE'lY FEATURES COMPONENT MATERIALS (Continued) .1

Specification
Comnonent EDDn Material (ASTM /ASME)

i

IIVAC Emergency Cooling Water System '

flcat Exchanger Plate Carbon Steel SA283 Gr A
Tube Copper Alloy SB75-C12200

Pump Casting Carbon Steel SA216 Gr WCB
Casting Stainless Steel SA351 Gr CF8

1
'

Valves Casting Carbon Steel SA216 Gr WCB
Forgira Carbon Steel SA105

Piping - Seamless Pipe Carbon Steel SA106 Gr A
Welded Pipe Carbon Steel SA672 Gr B(4

Reactor Building Cooling Water System

lleat Exchanger (Note 1) Plate SA283 Or B
Tubes Note 1

Pump Casting Carbon Steel SA216 Gr WCC g'Casting Stainless Steel SA351 Gr CF8

Valves Casting Carbon Steel SA216 Gr WCB
Forging - Carbon Steel SA105

Piping Seamless Pipe Carbon Steel SA106 Gr A
Welded Pipe Carbon Steel SA672 Gr B60

Reactor Service Water System (Note 1)

Pump Casting -

Valves Casting

Casting
Casting
Forging

Piping ~ Seamless Pipe
'

Welded Pipe

Note 1: Materials are site dependent -

O
Amendment 21 6.17-
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Influent and effluent lines of this group are 6.2.4.4 Test and inspections

O Isolated by automatic or remote manualisolation.

valves lo6ated as close as possible to the The containment isolation system l',
contalument boundary, scheduled to undergo periodic testing during

reactor operation. The functional capabilities*

6.2.43.2.4 Evaluation Against Regulatory of power. operated isolation valves are tested
Guide l.11 remote manually from the control room. By

observing position indicators and changes in the
Instrument lines that connect to the RCpB and affected system operation, the closing ability

penetrated the containment have 1/4. inch orifices of a particular isolation valve is demonstrated. |

and manualisolation valves,in compliance with
Regulatory Guide 1.11 requirements. Alt. testable check valves are provided on

influent emergency core cooling lines of the.
6.2.4JJ Evaluation of Single Failure llPCF and RilR systems whose operability ($ relied

upon to perform a safety function.
A single failure can be defined as a failure |

of a component (e.g., a pump, valve, or a utility A discussion of testing and inspection of
such as offsite power) to perform its intended isolation valves is provided in Subsection
safety functions as a part of a safety system. 6.2.1.6. -Instruments are p_eriodically tested
The purpose of the evaluation is to demonstrate and inspected. Test and/or calibration points
that the safety function of the system will be ' are supplied with each instrument. ~ Leakage-
completed even with that single failure. integrity tests shall be performed on the
Appendix A to 10CFR50 requires that electrical containment isolation valves with resillent
systems be designed specifically against a single material seals at least once every 3 months.
passive or active failure. Section 3.1 describes
the implementation of these standards as well as 6.2.5 Combustible Gas Controlin '

O General Design Criteria 17, 21, 35, 38, 41, 44,- Containment
54, 55 and 56.

The atmospheric control system (ACS.T31) is |
Electrical as well as mechanical systems are provided to establish and maintain an inert

designed to meet tbc single. failure criterion, atmosphere within the primary containment during
regardless of whether the component is required all plant operating modes except during shutdown
to perform a safety action. Even though a com. for refueling or equipment maintenance and

,

ponent,-such as an electrically operated valve, during limited periods of time to permit access L

is not designed to receive a signal to change for inspection at-low reactor power. The
state (open or closed) in a safety scheme,it is flammability' control system (FCS.T49) is
assumed as a single failure if.the system compon. provided to control the potential buildup of;

ent changes state or falls. Electrically oper. oxygen from design basis radiolysis of water,
ated valves include valves that are electric. The objective of these systems is to preclude ,

ally piloted but air operated, as well as valves combustion of hydrogen and damage to essential
that are directly operated by an electrical de. equipment and structures.
vice. in addition, all electrically operated
valves that are automatically actuated can also _ 6.2J.1 Design itases
be manually actuated from the main control room.
Therefore, a single failure in any electrical Following are criteria that serve as the-

system is analyzed, regardless of_whether the' bases for design: J
loss of _ a safety function is caused by a
component falling to perform a requisite (1)- Since there is no design requirement for
mechanical motion or a component performing an the ACS or FCS in the absence of a LOCA and
unnecessary mechanical motion. there is no design basis accident in the

ABWR that results in core uncovery or fuel
. - - - failures, the following requirements

_

mecha,tistically assume that a LOCA'
~

Ammendment it 6.2 31

~_,,a.__a--,_ .,.,--.n,_-,_n__,._____,__..____-_._,_ .._._a



ABWR 2mmn
Standard Plant IT M

producing the design basis hydrogen and backup purge function need not oncet this

goxygen has occurred. criterion,

(2) The hydrogen generation from metal water (10) Components of the AC system inside the k
reaction is defined in Regulatory Guide 1.7. reactor building are protected from $

postulated missiles and from pipe whip, as
(3) The hydrogen and oxygen generation from required to assure proper action as well as

radiolysis is defined in Regulatory Guide other dynamic effects such as tornado
1.7. missiles and flooding.

(4) The ACS establishes an inert atmosphere (11) The AC system isolation function has the
throughout the primary containment following capability to withstand the dynamic effects 6
an outage or other occasions when the associated with the safe shutdown
containment has been purged with air to an earthquake without loss of function.
oxygen concentration greater than 3.5
percent. (12) The system is designed so that all

components subjected to the primary
(5) The ACS maintains the primary containment containment atmosphere (i.e., inboard

oxygen concentration below the maximum isolation valves) are capable of with.
permissible limit per Regulatory Guide 1.7 standing the temperature and pressure
during normal, abnormal, and accident transients resulting from a LOCA. These
conditions in order io assure an inert components will withstand the humidity and
atmosphere, radiation conditions in the welwell or

drywell following a LOCA.
(6) The ACS also maintains a slightly positive.

pressure in the primary containment during (13) The ACS is nonsafety class except as
normal, abnormal and accident conditions to necessary to assure primary containment
prevent air (oxygen) leakage into the integrity (penetrations, isolation g
inerted volumes from Ihe secondary valves). The ACS and FCS are designed and
containment, and provides non-essential built to the requirements specified in
monitoring of the oxygen concentration in Section 3.2.
the primary containment to assure a
breathable mixture for safe personnel access (14) The ACS includes the valves and piping
or an iner' atmosphere, as required, carrying nitrogen to the containment,
Essential monitoring is provided by the valves and piping from the containment to
containment atmospheric monitoring system the SGTS and ilVAC (U41) exhaust line,
(CAMS) as described in Chapter 7. non safety oxygen monitoring, and all

related instruments and controls. The ACS
(7) The drywell and the suppression chamber will does not include any structures housing or

be mixed uniformly after the design basis supporting the aforementioned equipment or
LOCA due to natural convection and molecular any ducting in the primary containment,
diffusion. Mixing will be further promoted
by operation of the containment sprays. The nitrogen supplied from the AC system

shall be oil free with a moisture content
(8) The system is capable of controlling of less than 2.5 ppm. Filters are provided

combustible gas concentrations in the to remove particulates larger than 5
containment atmosphere for the design bases microns.
LOCA without relying on purging and without
releasing radioactive material to the (15) The system is designed to facilitate
environment. periodic inspections and tests. The ACS

can be inspected or tested during normal
(9) The system is Jesigned to maintain an inert plant conditions,

primary containment after the design bases
LOCA assuming a single-active failure. The h

I
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6.2.63 Containment isolation Yahe leakage a flange), that are connected between isolation
Rate Test (Type C) valves and form a part of the primary

containment boundary need not be Type-C testeds

6.2.63.1 General due to their infrequent use and multiple
g barriers as long as the barrier configurations
g Type C tests will be performed on all are maintained using an administrative control

containment isolation valves required to be progrem.*

tested per 10CFR$0 Appendix J. All testing is
performed pneumatically, except hydraulle testing For Type C testing of containment penetra-
may be performed on isolation valve Type C tests tions, all testing will be done in the correct
using water as a sealant provided that the system direction unless it can be shown that testing in
line for the valve is not a potential containment the reverse direction is equivalent, or more con-
atmosphere leak path, servative. The correct direction for this

design is defined as flow from inside the
Type C tests (like Type B test) are performed containment to outside the containment,

by local pressuriration using either pressure
decay or flowmeter method. The test pressure is 6.2.63.2 Acceptance Criteria
applied in the same direction as when the valve
is required to perform its safety function, un. The combined leakage rate of all components
less it can be shown that results from tests with subject to Type B and Type C (Subsection
pressure applied in a different direction are 6.2.6.3) tests shall not exceed 60% of L . If
equivalent or conservative. For the pressure de- repairs are required to meet this limit, ti"e re.
cay method, test volume is pressurized with air suits shall be reported in a separate summary to
or nitrogen to at least F . The rate of decay the NRC, to include the structural conditions of
of pressure of the known left volume is monitored the components which contributed to the failure.
to calculate leakage rate. For the flowmetce
method, required pressure is maintsined in the 6.2.6..t Scheduling and Reporting of Periodle
test volume by making up air, nitropn or water Tests
(if applicable) through a calibrated flowmeter.

,

The flowmeter fluid flow rate is the isolation The periodic leakage rate test schedules for
valve (or Type B test volume) leakage rate. Type A, B and C tests are described in Chapter

16.

All isolation valve seats which are exposed to
containment atmosphere subsequent to a LOCA are Type h r,nd C tests may be conducted at ariy
tested with air or nitrogen at containment peak time during normal plant operations or during
accident pressure, P,. shutdown periods, as long as the time interval y

between tests for any individual Type B or C g
g MSIVs and isolation valves isolated from a tests does not exceed 2 years. Each time a Type w

g scaling system will use a test pressure of at B or C test is completed, the overall total leak.
"

least p , age rate for all required Type B and C tests is
' updated to reflect the most recent test re-

Those valves which are in lines designed to sults, in addition to the periodic tests, any
be, or remain, filled with a liquid for at least major modification, replacement of component
30 days subsequent to a loss of coolant accident which is part of the primary reactor containment
are leakage rate tested with that liquid. The boundary, or rescaling a seal welded door, per.
liquid leakage measured is not converted to formed after the preopertional leakage rate test -

equivalent air leakage nor added to the Type B will be followed by either a Type A, Type B, or N
*and C test total. Type C test as applicable for the area effected

by the modification. Type A, B and C test
All test connections, vent lines, or drain results shall be submitted to the NRC in the

lines consisting of double barrier (e.g. 2 valves summary report approximately three months after
in series, one valve and a cap, or one vahe and each test.

Amendment 21 6.2-43
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Included in the leak rate test summary report h
will be, a report detailing the containment in-
specion, a report detailing any repairs neces-
sary to pass the tests, and the leak rate test
results.

62.6.5 SpecialTesting Requirements4

The maximum allowable leakage rate into the
secondary containment and the means to verify
that the inleakage rate has not been exceeded, as
well as the containment leakage rate to the
environment, are discussed in Subsections 6.2.3
and 6.5.1.3,

e

i

6

4

#

V
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TABLE 6.2 2b-

NET POSITIVE GUCTION IIEAD (NPSli) AVAILABLE TO RiiR PUMPS ,

4

A. Suppression pool is at its mininium depth, El. 3740mm ( 12.27 Ft).
"

,

l B. Centerline of pump suction is at El. 7200mm (23.62 Ft).

C. Suppression pool water is at its maximum temperatue for the given operating;

| mode,100 C (212 F). -

D. Pressure is atmospheric above the suppression pool.

| E. s laximum suction strainer losses are 0.21m (0.69 Ft).

{ NPSH = IIATM + "S '"VAF '"F-

i
where:

3

atmospheric licad1I =
ATM q_

static head l!' H =
3 _

vap r pressure headH =
VAP

Frictional head including strainerH =p

| Minimum Expected NPSH

3
RilR Pump Runout is 1130 m /h (4975 gpm).-

| Maximum suppression pool temperature is 100 C (212 F) -

}-
H = _10.78m (3538 Ft)MM -

!

3.46m (1135 Ft) ~H' =
3

10.78m (3538 Ft) -ll -
VAP

H = _0.80m (2.62 Ft)p

'
NFSH available = 10.78 + 3.46 10.78 - 0.80 = 2.66m (8.73 Ft)

NPSH required = 2.4m (7.87 Ft)

.

LO
4

Amendment 21 . 6.24-

i

, ,, , . - ~ . . - -

_ , .. . . . . _ , , , . - - _ _ , - - . . . _ . . - . . ,. -,~



.. _ _. . . . _ _ . _. ._._ _ __._. _ . _ _ _ _ . . _ . - _ _

:ABWR memn
Standard Plani RIN. C

,

TAllLE 6,2 2c - . ,

NET POSITIVE SUCTION llEAD (NPSil) AVAllAllLE TO HPCF PUMPS
,

A. Suppression poolis at its minimum depth, El. 3740mm ( 12.27 Ft).

II. Centerline of pump suction is at El. 7200mm (23.62 Ft).

C. Suppression pool water is at its maximum temperatue for the given operating
mode,100 C (212*F).

D. Pressure is atmospheric above the suppression pool.

E. Maximum suction strainer losses are 0.5m (1.67 Ft).

NPSH = H .g.M + IIS ygp Hp-Hg

where:

' atmospheric head.i =,y

static head R=

$
vapor pressure head .=

, p,

Frictional head including strainer g.'
=j

Minimum Exnected NPSH

- IIPCF Pump Runout is 890 m /h (3918 gpm).

. Maximum suppression pool temperature is 100 C (212 F) '

II = :10.78m (3538 Ft)AThi

3.46m (1135 Ft)H =
g

10.78m (3538 Ft)11 =
VAP

1.02m (335 Ft)H =p

NPSH available = 10.78 + 3.46 - 10.78 1.02 = 2.44m (8.01 Ft)

- NPSH required = 2.2m (7.22 Ft)

6:
dmendment 21 6.2-46d

.
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Table 6.2 9 Secondary Containment Penetration List' |

Penetration Name Elevation Diameter
Number (mm) (mm)

1 RCW (B) -8200 600

2 - RCW (B) 8200 600
2

3 HPCF -8200 600

4 SS , -8200 50

5 RD (LCW) 8200 80:
6 RD (SD) 8200 65 ,

.7 RD (HCW) -8200 150

8 TV -8200 250

9 RCW (A) 8200 600

10- RCW (A) -8200 600

11 RCW (C) 8200 550

12 RCW (C) -8200. 550

13 HPCF 8200- 600

14 MUWC -8200 250

15 CRD -8200 150

16 CRD 8200 50-
' 8200 15017 SPH -

18 RCW (B) -1700 150-

-19 RCW (B) 1700 150

20 RCW (B) - 1700 200

21 RCW (B) ~ 1700 200

0s 22 MS 1700= 80 ..

23 SA 1700 65

24 1A -1700 50

25 FP -1700 150

26 RCW (A) -1700 150

27 RCW (A) 1700 150

28 - RCW (A) -1700 200-
29 F.CW (A) 1700 200

30 HSR 1700 150

31 RCW (C) -1700 100

32 RCW (C) 1700 100

33 RCW (C) 1700- 200--

M RCW (C) - 1700 200

35 HS -4800 -150-

36 - MS - 4800 80 ,

37 LCW (FPC) 4800 150

38 . LCW (CUW) . 4800 150

39 RCIC -4800- 50

40 _ MS (4) - 16191- 700_ ,

41 -- FDW (7) - _ . 13810_ 600

42 HVAC Exhaust 27200 *'

43 _ HVAC Suppiy 31700 *:

"
44 Controlled Access (2) .12300 ,

45 Equipment Lock 12300 "

"
46 Railroad Car Door ' 12300-

_

47 HS 12300- 150

N
.

48 HWH- 12300 150
h

6.2-5035 .Amendment 21
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Table 6.2 9 Secondary Containment Penetration List' (Continued)

Penetration Name Elevation Diameter

Number (mm) (mm)

49 11Wil 12300 150

50 IINCW 12300 200

51 IlNCW 12300 ?D0

52 MUWP 4800 150

53 AC 4800 50

54 AC 4800 250

55 IIWil 4800 50

56 IIWil 4800 50

57 Cabletrays 235(X)

58 Cabletrays 12.% 0

59 Cabletrays 4800

Note: 1. This Table provided in response to Question 430.3-1

These llVAC openings have safety-related isolation valves with both local monitoring and remote (in*

control room) monitoring,

" These doors are monitored in the control room as per Subsection 13.63.4.

O

.

O
6.2-$0.56 |Amendment 21
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LEAKAGE FROM:

1. PRIMARY CONTAINMENT TO ENVIRONMENT OR CLEAN ZONE

2. PRIMARY CONTAINMENT TO SECONDARY CONTAINMENT'- -i

- 3. SECONDARY CONTAINMENT TO CLEAN ZONE OR THE ENVIRONMENT

B7-245 29

Figure 6.2-27 THREE BASIC TYPES OF LEAKAGE PATHS
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Refer to Figures 1.2 2 through 1.212
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Figure 6.2 28 - CONTAINMENT BOUNDARIES IN THE REACTOR BUILDING . PIAN
SECTION A A (O'- 180') -

,

O
Amendment 21. . 6.2-78
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Figure 6.2-29 CONTAINMENT HOUNDARIES IN Tile REACTOR BUILDING PLAN -
SECTION B-R (90" . 270")

~
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Figure 6.2 30 CONTAINMENT BOUNDARIES IN T1.?E REACTOR BUILDING - PLAN .
,

AT ELEV (-) 13200mm :'
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Figure 6.2 31 CONTAINMENT BOUNDARIES IN Tile REACTOR BUILDING - PLAN
AT ELEV (-)6700mm

O
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Figure 6.2 32 - CONTAINMENT BOUNDARIES IN T11E REACTOR HUILDING PLAN .'

- AT ELEV (-)200mm -
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Figure 6,2 33 - CONTAINb1ENT BOUNDARIES IN THE REACTOR BUILDING - PLAN
AT ELEV 7300mm
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Figure 6.2 34 - ' CONTAINMENT BOUNDARIES IN THE REACTOR BUILDING - PLAN
AT ELEV 13100mm
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Figure 6.2 35 CONTAINMENT BOUNDARIES IN THE REACTOR BUILDING PLAN
AT ELEV 18500mm

O
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Figure 6.2-36 CONTAINMENT llOUNDARIES IN Tile REACTOR BUILDING PLAN
AT ELEV 26700mm
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Food storage space is provided as a part.of operation. All;cquipicent is designed to-
- the kitchen lunchroom adjacent to the control f acilitate the above discussed test and

~

equipment room. Water and food storage adequate inspection functions.
for 12 people for 5 days is stored in this area.
Tlje storage cr.binets have a net volume of 28 Failure of any system or component to
it useable far food storage. J addition, th3 properly perform its assigned function during
refrigerator has a net voli..ne of 10 ft any test or inspection is grounds for repair or
availaue. Potable water is stored in scaled replacement,
sanitary containers in the kitchen lunchroom.

6,4,6 Instrumentation Requirements =
All foodstuffs and water intended for

emergency use must be so labeled and not be used - A complete description of the required
for normal conditions, thus ensuring and adequate instrumentation is given in Subsection
supply at all times for emergency use. 73.1.1.8.

<

The sanitary facilities are located across the 6.4,7 COL License Information
hall from the control room.

The control room habitability system design
6.4.5 Testing and Inspection was based on the following environmental

conditions.
The system is designed to permit-periodic

inspection of important components (e.g., fans, 6A.7.1 ExternalTemperature
motors, belts, coils, filters, ductwork, piping,
dampers, control instrumentation and valves), to The maximum external air temperature is =
assure the integrity and efficiency of the 115 F and the minimum external air
system. Local display and indicating devices are temperature is 40 F.
provided for periodic inspection of vital

O parameters such as air temperature upstream and 6A.7.2 Meterology(X/O's)
downstream of the heating and cooling coils,
cooling water inlet temperatures, filter pressure The X/O's used for evaluation of the
drop, duct static pressures, and water pressures -control room operator dose to meet General
at the inlet and outlet of coils. Design Celterion 19 were derived from

Regulatory Guide 13 for ground level release.
Test connections are provided in the duct work ' Specific values and assumptions are presented

and piping for periodic checking of air and water in Subsection 15.6.5.
flows for conformance to design requirements.
All features are periodically tested by 6A.73 Toxic Gases
initiating all dampers during normal operation.
The operating system is proven operable by its General Design Criterion 19, as related to
performance during normal plant operations. The ' providing adequate protection to permit access
IIEPA filters are periodically tested with DOP and occupancy of the control room under
smoke per ANSI N510. The charcoal filters are to accident conditions. Acceptance is based upon -
be periodically tested with a freon gas for the meeting the guidance of Regulatory Guide-
adsorption efficiency. Inspection and sampling 1.78 relating to instrumentation to_ detect and
connections are provided for on site filter - alarm any hazardous chemical release in the
testing,

-

plant vicinity and relating to the systems
capability to isolate the control room from

~

Filter pressure drop is to be routinely' - such releasest and Regulatory Guide 1.95
monitored and a high differential alarm alerts _ relating to the systems capability to limit the
the operator to switch over to standby system. accumulation of chlorine within the control

room. The ABWR is not designed for any hazard.
The systems are to be tested periodically by'- ous chemical release. The control room is

n amtiating the changeover sequence during normal provided with an isolation system for
V- radioactivity

- Amendment 21 - 6.4-7
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release which can be easily modified to handle'

g! additional sensors. Chemical accidents
(including chlorine) require site specific
nformation such as frequency, distance from8

control room, and size of centainer, None of
which is available for a generic site,

O

9
Amendment 6 6.4-7a
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f 6.5 FISSION PRODUCTS REMOVAL AND (4) Remain intact and functional in the event of
CONTROL SYSTEMS a safe shutdown earthquake (SSE).

6.5.1 Engineered Safety Features Filter (5) M e et e nvir on m ent al qualification
Systems requirements established for system

operation.
The filter systems required to perform

safety related functions following a design basis -
accident are:

(1) Standby gas treatment system (T22.SGTS).

(2) Control room portion of the IIVAC system.
(U41.HVAC)

6.5.1.2 System Design
The control room portion of the HVAC system is

discussed in Section 6.4 and Subsection 9.4.1. 6.5.1.2.1. General

The SGTS is discussed in this Subsection (6.5.1).
The SGTS P&lD is provided as Figure 6.5-1.

6.5.1.1 Design Basis
6.5.1.2.2 Component Description

6.5.1.1.1 Power Generation Design Basis
Table 6.51 provides a summary of the major

The SGTS has the capability to filter the SGTS components, The SGTS consists of two
gaseous effluent from the primary containment or parallel and redundant trains of active -
from the secondary containment when required to equipmert whle5 share a single filter train.

O limit the discharge of radioactivity to the Suctim is t Al som above the refueling area
environment to meet 10CFR100 requirements. or from the primary. containment via the

atmospheric control system (T31.ACS). The6

6 5.1.1.2 Safety Design Basis discharge goes to the main plant stack.

The SGTS is designed to accomplish the The SGTS consists of the following principal
following: components:

(1) Maintain a negative pressure in the (1) Two independent dryer trains consisting of a.
secondary containment, relative to the moisture separator and an electric process -
outdoor atmosphere, to control the release heater.
of fission products to the environment.

(2) Two independent process fans located
upstream of the filter train.

(3) A filter train consisting of a prefilter, a
(2) Filter airborne radioactivity (halogen and high efficiency particulate air (HEPA)

air particulates) in ;he effluent to reduce filter, a charcoal adsorber, a second HEPA
offsite doses to wit'ain the limits specified filter, and space heaters.
in 10CFR100.

6.5.1.23 SGTS Operation

6.5.1.23.1 Automatic
(3) Ensure that failure of any active component,

signal or a low reactor water level signal, or |
assuming loss of offsite power, cannot Upon the receipt of a high drywell pressure

- impair the ability of the system to perform
its safety function. when high radioactivity is detected in the

secondary containment or refueling floor

Amendment 20 6.51
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ventilation exhaust, the SGTS is automatically efficiencies are outlined in Table 6.5-1. Dose
actuated. if system operation is not confirmed, the analyses of events requiring SGTS operation,
redundant process fan and dryer train are described in Subsections 15.6.5 and 15.7.4,

automatically placed into service. In the event a indicate that offsite doses are within the limits
malfunction disables an operating process fan or established by 10 CFR 100.

dryer train, the standby process fan and dryer train
are manually initiated. (3) The SGTS is designated as an engineered

safety feature since it mitigates the
6.5.1.23.2 hianual consequences of a postulated accident by

controlling and reducing the release of
The SGTS is on standby during normal plant radioactivity to the environment. The SGTS,

operation and may be manually initiated before or except for the deluge,is designed and built to
during primary containment purging (de-inerting) the requirements for Safety Class 3 equipment
when required to limit the discharge of contaminants as defined in Section 3.2, and 10 CFR 50,
to the environment. It may be manually initiated Appendix B.
whenever its use may be needed to avoid exceeding
radiation monitor setpoints. The SGTS has independent, redundant active

components. Should any active component fail,
6.5.1.233 Decay lleat Removal SGTS functions can be performed by the

redundant component. The electrical desices
Cooling of the SGTS filters may be required to of independent components are powered frem

prevent the gradual accumulation of decay heat in separate Class 1E electrical buses.
*he charcoal. This heat is generated by the decay of
radioactive iodine adsorbed on the SGTS charcoal. (4) The SGTS is designed to Seismic Category I
The charcoal is typically cooled by the air from the requirements as specified in Section 2.2. The q

process fan. SGTS is housed in a Category I structure. All
surrounding equipment, components, and

A water deluge capability is also provided, but supports are designed to appropriate safety g
primarily for fire protection since redundant process class and seismic requirements.

fans are provided for air cooling. Since the deluge is
available, it may also be used to remove decay heat (5) The SGTS design is based on the maximuin
for sequences outside the normal design basis. pressure and differential pressure, maximum
Temperature instrumentation is provided for control integrated dose rate, maximum relative
of the SGTS process and space electric heaters. This humidity, and maximum temperature expected

[ instrumentation may also be used by the operator to in secondary containment for the LOCA event.
' [re.]cstablish a cooling air flow post-accident, if

required. A secondary containment draw-down analysis
will be performed by the COL applicant to demon-

Water is supplied fron the fire protection system strate the capability of the SGTS to maintain the
and is connected to the SGTS via a spool piece. design negative pressure following a LOCA including

inleakage from the open, non isolated penetration

| 6.5.13 Design Evaluation lines identified during construction engineering and
the event of the worst single failure of a secondary

6.5.1.3.1 General containment isolation valve to close. (See Subsection
| 6.5.5.1 for interface requirements).

| (1) A slight negative pressure is normally
| mdintainCd in thC secondary Containment by 6.5.13.2 Sizing Basis

| the reactor building HVAC system (Subsection
; 9.4.5). On SGTS initiation per Subsection Figure 6.5-2 provides an assessment of the

6.5.1.2.3.1, the secondary containment is secondary containment pressure after the
automatically isolated from the HVAC system. design-basis LOCA assuming an SGTS fan capacity

of 4000 scfm (70 F,1 atmosphere) per fan and the
(2) The SGTS filter particulate and charcoal leakage rates shown in Table 6.5-2. Credit for

O
Amendment 21 6.5-2
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secondary containment as a fission product control

f) system is only taken if the secondary containment is
'd actually at a negative pressure by considering the

potentiJ effect of wind on the ambient pressure in
the vicinity of the reactor building. For the ABWR
dose analysis, direct transport of containment
leakage to the emironment was assuraed for the first
20 minutes after LOCA event initiation (in addinan
to t':e leakage through the MSIVs to the main
turbine condener). Each SGTS fan was sized to

r\
'd

f%
%j
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n 6.5.2 Containment Spray Systems program confirm the integrity of the leakage
V boundary. The assumed leak rate from primary

Credit is not taken for any fission product containment is 0.5% of the free containment
removal provided by the drywell and wetwell spray volume per day measured at the containment
portions of the RIIR system. design pressure.

Containment leak rate testing is described in
Subsection 6.2.6. The primary containment
walls, linct plate, mechanical penetrations,
isolation valves, hatches, and locks function to
limit release of radioactive materials,
subsequent to postulated accidents, such that
the resulting offsite doses are less than the
guideline values of 10CFR100.

i
The structural design details of the primary

containment are discussed in Subsection 3.8.2.
Primary containment isolation valves are
discussed in Subsection 6.2.4. The conditions in
the containment during and after the design
basis events are given in Section 6.2.

l~fouts of the primary containment
| 6.5.3 Fission Product Control Systems structure are given in the building arrangement

drawings in Section 1.2.

i Fission product control systems are provided

O' | in conjunction with other ESF systems to limit the The primary containment atmosphere is
release of radioactive material from the inerted with nitrogen by the atmospheric control
containment to the environment following system (ACS). The ACS is described in
postulated design basis events. Dose analyses are Subsection 6.2.5 Following the design basis
provided in Chapter 15. The fission product LOCA, the flammability control system (FCS)
control systems consist of the primary containment conteois the concentration of oxygen in
and the secondary containment. The following is a containment. Oxygen is gencrated by the
discussion of each fission product control system, radiolytic decomposition of water,

,

l
! 6.53.1 Primary Containment On appropriate signals, containment isolation

| valves close as required. The primary
The primary containment is a cylindrical containment provides a passive barrier to limit the

! steel lined reinforced concrete structure forming leakage of airborne radioactive material. Systems
a limited leakage boundary for fission products required to accomplish ECCS or other ESF
released to the containment atmosphere following functions are not isolated. See Subsection 6.23
a LOCA or other event. The containment is for further details of isolation valve closure

| divided into the upper and lower drywells and the signals.
suppression chamber (wetwell) by the reinforced
concrete diaphragm floor and the reacto vessel 6.53.2 Secondary Containment

| pedestal. The diaphragm floor is rigidly attached
| to the reactor pedestal and the containment wall. The secondary containment is provided so that

i A liner is also provided as part of the diaphragm leakage from the primary containment is collected
! floor to prevent bypass of steam from the upper and treated and monitored by the SGTS prior to

drywell to the suppression charnber air space release to the environment. Refer to Subsection
during an accident. The primary containment is 6.2.3 for a description of the secondary

q totally within the secondary containment. A test containment boundary and Subsection 6.5.1 for a

Q description of the SGTS.
(

Amendment 11 6.5-5
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6.5.4 Ice Condenser as a Fission Product
Control System

The GE AllWR does not utilize any kind of an ice
condenser feature as a fission product control
system.

6.5.5 COL License Information

6.5.5.1 SGTS Perfonnance

The COL applicant will perform a SGTS
draw-down analysis in acwrdance with Subsection

6.5.13.1(5).

O

e

O
Amendment 21 654
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6.6 PRESERVICE AND INSERVICE (8) Control rod drive sptem l'

O INSPECTION AND TESTING OF CIASS (9) Deleted |

2 AND 3 COMPONENTS AND PIPING (10) Purified make up water system
(11) Atmospheric control sptem

IThis subsection describes the presenice and (12) Deleted
inicrvice inspection and system pressure test (13) IIVAC normal cooling water system
programs for Quality Groups B and C,l.c., ASME (14) Deleted

j Code Class 2 and 3 items', respectively. It describes (15) Deleted
those programs implementing the requirements of (16) Deleted
ASME B&PV Code, Section XI, Subsectious IWB (17) Reactor building cooling water system
and IWC. The requirements for subsequent (18) Deleted |
Inservice inspection intervals are addressed in (19) Fuel pool cooling and elean-up sptem

Subsection 533.7. (20) Reactor senice water system

The developrnent of the preservice and 6.6.1.1 Class 2 Sy tem floundary Description !

inservice inspection program plans will be the
responsibility of the COL applicant and will be based Thase portions of the nysiems listed in
on the ASME Code, Section XI, Edition and Subsection 6.6.1 within the Class 2 boundary, based i

Addenda specified in accordance with 10CFR50, on Regulatory Guide 1.26, Revision 3, for Quality |
Section 50.55a. Responsibility for designing Group B, are as follows: |

components for presenice and insenice inspection is _
_

;

the responsibility of the COL applicant. The COL (1) Portions of the reactor coolant pressure
applicant will be responsible for specifying the boundary as defined in Subsection 5.2.4.1.1, but
Edition of the ASME Code, Section XI, to be used, which are excluded from the Class 1 boundary

jbased on the procurement date of the component pursuant to Subsection 5.2.4.1.2.
- Iper 10CFR50, Section 50.55a. The ASME Code

requirements discussed in this section are pro ided (2) Systems or portions of systems important to
for information and are based on the 1989 Edition of safety that are designed for reactor shutdown
the ASME Section XI. or residual heat removal. |

6.6.1 Class 2 nnd 3 System Houndarles (3) Portions of the steam systems extending froen
the outermost containment isolation valve up to

The Class 2 and 3 system boundaries for both but not including the turbine stop and bypass
presenice and insenice inspection programs and the valves and connected piping up to and including

system pressure test program includes applicable the first valve that is either normally closed or
| items within the 3 boundary and the 4 boundary on capable of automatic closure during all modes

the piping and instrumentation drawiigs (P&lDs), of normal reactor operation.
Those items boundaries include all or part of the
following: (4) Systems or portions of systems that are

connected to the reactor coolant pressure
,

(1) Main steam system boundary and are not capable of being isolated j

(2) Fecdwater system from the boundary during all modes of normal
(3) Reactor core isolation cooling system reactor operation by two valves, each of which
(4) liigh pres sure core flood system is normally closed or capable of automatic
(5) Standbylisuid control system closure.

(6) Residual hi at removal system.
(7) Reactor we ter clean up system (5) Systems or portions nf systems important to

safety that are desir.ed for (1) emergency core
cooling, (2) poa accident containment heat

_

* Items as usea in this Section are products remonal, ot (3) post ' accident fission product

constructed under a Certificate of Authorleas.'on temoval.

(NC4 3120) and material (NCA 1220). See Section
III, NCA.1004 footnote 2 Items (1) through (5) above describe the Class

O 2 boundary only and are not related to exemptions

6.61Amendment 21
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from inservice examinations under ASME Code,
Section XI rules. The Class 2 components exempt &Wfrom inservice examinations are described in ASME
Code, Section XI, IWC 1220.

6.6.1.2 Class 3 System floundary Description

Those portions of the systems listed in
Subsection 6.6.1 within the Clau 3 boundary, based
on Regulatory Guide 1.76, Revision 3, for Quality
Group C, are not part of tha reactor coolant pressure
boundary but are as follows:

(1) Cooling water systems or portions of cooling
water systems important to safety that are
designed for emergency core cooling,
post accident containment heat removal,
post accident containment ntmosphere cicanup,
or residual heat removal from the reactor and
from the spent fuel storage pool (including

O

1

|
|

|

|

O
6.41.1Amendment 21
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primary and secondary cooling systems), have limited areas that will not be accessible from
Portions of these systems that are required for tha outer surface for inservice examination
their safety functions and that do not operate techniques. However, the inservice inspection

.

'

~
during any mode of normal operation and program for the RiiR heat cxchanger is the
cannot be iested adequately, however, are responsibility of the COL applicant and any insenice

,

Included in Class 2. Inspection program relief request will be reviewed by.

the NRC staff based on the Code Edition and !

(2) Cooling water and seal water systems or Addenda in effect and inservice inspection '

portions of these systems important to safety techniques available at the tline of COL application.
that are designed for functioning of Removable thermalinsulation is provided or those ,

!components and systems important to safety, welds and nonles selected for frequent examination
during the inservice inspection. Platforms and

(3) Systems or portions of systems that are ladders are provided as necessary to facilitate ;

connected to the rector coolant pressure examination.
'

boundary and are capable of being isolated
_

from that boundary during all modes of normal 6.6.2.2 Class 2 Piping, Pumg- Valtes and Supports
reactor operation by two valves each of which is
normally closed or capable of automatic Physical arrangement of piping pumps and
closure. valves provide personnel access to each weld location

for performance of ultrasonic and surface (magnetic
(4) Systems, other than radioactive waste particle or liquid penetrant) examinations and

management systems, not covered by iterrs a, b sufficient access to supporis for performance of
!and c above, that contain or may contain visual, VT 3, examination. Working platforms are

radioactive material and whose postulated provided in some areas to facilitate servicing of
failure would result in conservathely calculated pumps and valves. Removable thermalinsulation is
potential offsite doses (ref. Regulatory Guides provided on welds and components which require
1.3 and 1.4), that exceed 0.5 rem to the whole frequent access for examination or are located in

O body or its equivalent to any part of the lxxly, high radiation areas. Welds are located to permit
ultrasonic examination from at least one side, but

items (1) through (4) above 4tmibe the Class where component geometries permit, access from
3 boundary only and are not exemptions from both sides is provided.
inservice examinations under ASME Code, Section
XI rules. The Class 3 components exempt from Restrictions: For piping systems and portions
inservice examinations are described in the ASME of piping systems subject to volumetric and surface
Code, Section XI,IWD 1220. examination, the following piping designs are not

used:
6.6.2 Accessibility

(1) Valve to valve
Allitems within the Class 2 and 3 boundaries (2) Valve to reducer

are designed to provide access for the examinations Q) Vahe to tee <

required by IWC 2500 and IWD.2500. Respons- (4) Elbow to elbow
'

ibility for designing components for accessibility for - (5) Elbow to tee
preservice and inservice inspection is the (6) Nozzir to c1 bow"
responsibility of the COL applicant (7) Reducer to cibow

(8) Tee to tee
6.6.2.1 Class 2 RHR Heat Exchangers (9) . Pump to valve -

The physical arrangement of the residual heat . Straight sections of pipe and spool pieces shall
removal (RHR) heat exchangers shall, be conducive be added between fittings. The mirdmum length of ,

to the performance of the required ultrasonic and _ the spool p3ece has been determin.d by using the
surface examinations. The RHR heat exchanger- formulate L = 2T + 6 inches, where L equals the
nozzle to shell welds will be 100% accessible for length of the spool piece (not including weld

- preservice inspection during fabrication but might preparation) and T equals the pipe wall thickness.

Amendment 2t 6.62
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6.6.3 Examination Categories and Methods

6.6.3.1 Examination Categories

The examination ce.tegory of each item is listed
in Table 6.61 which is provided as an example for
the preparation of preservice and inservice program
plans. The itemt are listed by system and line
number where applicable. Table 6.61 also states the
method of examination for each item.

For preservice examination, all of t!.e items
selected for inservice examination shall be
performed once in accordance with ASME Section
XI, IWC 2200 and IWD 2200, with the exception of
the examinations specifically excluded by ASME
Section XI from preservice requirements, such as the
visual VT 2 examinations for Category C II, D A,
D Il and D C.

6.6.3.2 Examination Methods

6.6.3.2.1 Visual Examirr.lon

Visual Examination Methods, VT 2 and VT 3,
shall be conducted in accordance with ASME
Section X1, IW b2210. In addition, VT 2

examinations shall also meet the requirements of g
IWA 5240.

Amendment 21 M 2.1
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At locations where letkages are normally Insulation removal for inspection la to allow

- O Pe<i a d ' ' a eti <<i >r<',e * i e ' a- r'i<' i 'ee re' '' a' ic ' d c 'e e - !
(e.g., valve stems and pump seals) the visual. Vr.2, the examination area. A distance of 2T plus 6 ,

examination shall verify that the leakage collection inches, where T is the pipe thickness, is the miniraum
system is operathc. required on each side of the examination arcai The ,

insulation design generally leaves 16 inches ori cach
Piping runs shall be clearly identified and laid side of the weld, which exceeds minimum t

out such that insulation damage, leaks and structural requirements,
distress will be evident to a trained visual examiner. .

*

6.63.2.4 Alternative Examination Tethalques ;

6.63.2.2 Surface Examination i

.

As provided by ASME Section XI, IWA.2240, 7

Magnetic Particle and Liquid Penetrant alternative examination methods, a combination of j
examination techniques shall be performed in methods, or newly developed techniques iray be

,

accordance with ASME Section XI, IWA.2221 and substituted for the methods specified for a given item
IWA.2222, respectively. Por direct examination in this section, provided that they are demonstrated *

access for magnette particle (MT) and penetrant _ to be equivalen' or superior to the specified method. . ,

(PT) examination, a clearance (of at least 24 inches This provision allows for ibe use of niely developed i

of clear space) is provided where feasible for the_. examination methods, techniques, etc., which may
,

head and shoulders of a man within a working arm's result in improvements in examination reliability and - !
'

length (20 inches) of the surface to be examined. In - reductions in personnel exposure.
addition, access shall be provided as necessary to
enable physical contact with the item as necest,ary to 6.63.2.5 Data Recording !
perform the examination. Remote MT and PT - i

'

generally are not appropriate as a standard Manual data recording will be performed
examination process, however, borescopes and where manual ultrasonic examinations are
r..irrors can be used at close range to improve the performed. 'If automated systems are used,

O angle of vision. As a minimum, insulation removal electronic data recording and ' comparison ant. lysis i

.

shall expose the area of each weld plus at least six are to be employed with automated ultrasonic ;

inches from the toe of the weld on each side, examination equipment, Signals from each !
Insulation will generally be removed 16 inches on ultrasonic transducer would be fed into a data ;

each side of the weld, acquisition system in which the key parameters of |
any reflectors will be recorded. The data to be j

6.63.23 Volumetric Ultrasonic Dirret Examination recorded for manual and automated methods are: - !

Volumetrie ultrasonic direct examination shall - (1) location;
,'

.

be performed in accordance with ASME Section XI, (2) position; - !

IWA.2232, in order to perform the examination, (3) depth below the scanning surface; !
visual access to place the head and shoulder within (4) length of the reflectar; |
.0 inches of the area of interest shall be provided (5) ' transducer data including angle and j

where feasible. Nine inches between adjacent pipes ' frequency; and i
is sufficient spacing if there ls free access on each (6) calibration data. [
side of the pipes. The transducer dimension.has
been considered: a 11/2 inch diameter cylinder,3 The data so recorded shall be compared with
inches long placed with the access at a right angle to - the results of subsequent examinations to determine
the surface to be examined. The ultrasonic the behavior of the reflector. _ ;

examination instrument has been considered as a :
rectangular box 12 x 12 x 20 inches located within 40 '6.63.2.6 Qualification of Personnel and _

!
feet from the transducer. Space for a second Examination Systems for Ultrasonic Examination i

examiner to monitor the instrument shall be ;
'

.
.

.

iprovided if necessary.- ' Personnel performing examinations shall be
qualified in accordance with ASME Section XI, - !

' O_.
- Appendix VII. Ukrasonic examination systems shall }

be qualitied in accordance with an industry accepted [

Amendment 21 '6635. -
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program for implementation of ASME Section XI,
Appendix Vlli, g
6.6A Inspection Intervals

6.6.4.1 Class 2 Splems

The inservice inspection intervals for Class 2
systems will conform to inspection Program B as

O

,

Amendment 21 6f-3.1
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described in Section XI, IWC 2412. Except where Table IWD.25001, for categories D A, D.B and

O deferral is permitted by Table IWC45001, the D C. The sptem inservice test shallinclude a VT 2
j percentages of examinations completed within each examination in accordance with IWA.5240, except
i period of the intervat shall correspond to Table that, where portions of a system are subject to

IWC.24121. An example of the selection of Code system pressure tests associated with two different
Class 2 items and examinations to be conducted functions, the VT.2 examination shall only be
within the 10 year intervals are described in Table performed during the teit conducted at the higher of
6.61. the test prer.sures. The system inservice test will bc ,t

conducted at approximately the erazimum operating
6.6.4.2 Class 3 Splems pressure and temperrture indicated in the applicable,

process flow diagram for the system as indicated in ;

The inservice inspection intervals for Class 3 Table 1.71. The system hydrostatic test (Subsection
systems will conform to inspection Program B as 5.2.4.6.2), when performed is acceptable in lieu of
described in Section XI,IWD 2412. Except where the system inservice test,
deferral is permitted by Table IWD 25001, the
percentages of r.xaminations completed within each 6.6.6.2 Splem Functional Test
period of the interval shall correspond to Table

,

IWD 24121. An example of the selection of Code As required by Section XI,IWC 2500 for
Class 3 items and examinations to be conducted category C.ll and by IWD4500 for categories D A, -

within the 10-year intervals are described in Table D.B and D C, a system functional test shall be
'

6.61. performed in accordance with lWC $221 on Class 2
systems, and IWD 5221 on Class 3 systeens, which

6.6.5 Evaluation of Examination Resulis are not required to operate during normal operation
but for which a periodic system functional test is ;

Examination results will be evaluated in performed. The system funct onal test shallinclude8

accordance with ASME Section XI, IWC.3000 for - all Class 2 or 3 components and piping within the
Class 2 components, with repairs based on the pressure retaining boundary and shallbe performed>

O < a i - ' r 'w^ 4aoa a iwc 4ooo- d ri r a i se iie r ied s deri a i-
Examination results will be evaluated in accordance Tables IWC 24121 and IWD 24121 for Program B.
with ASME Section XI, IWD 3000 for Class 3 For the purpost,s of the system functional test of f

components, with repairs based on the requirements Class 2 systems, the pressure retaining boundary is
ofIWA 4000 and IWD 4000, defined in Table IWC 2500-1, Category C H, Note 7.

For the purposes of the system functional test for
6.6.6 System Pressure Tests Class 3 systems, the system boundary is defined in 1

Note 1 of Table IWD 25001, categories D A, D-B -
6.6.6.1 System insenice Test and D C. The system inservice test shallinclude a '

VT 2 examination in accordance with IWA 5240, ;

As required by Section XI, IWC.2500 for except that, where portions of a system are subject to
category C Il and by IWD 2500 for categories D A, system pressure tests associated with two different e

D.B and D.C, a system inservict test shall be functions, the VT.2 examination shall only be
performed in accordance with IWC.5221 on Class 2 performed during the test conducted at the higher of
systems, ar.d IWD 5221 on Class 3 systems, which the test pressures. ;The system functional test will be ~
are required to operate during normal operation, conducted at the nominal operating pressure and -
The system insenice test shall include all Class 2 or 3 temperature indicated in the applicable process flow
components and piping within the pressure retaining diagram for the functional test for each system as
boundary and shall be performed once during each indicated in Table 1.71. The system hydrostatic test
inspection period as defined in Tables IWC.24121' (Subsection 5.2.4.6.2), when performed is acceptable -
and IWD44121 for Program B. For the purposes in lieu of the system insenice test.
of the system insenice test of Class 2 systems, the-
pressure retaining boundary is defined in Table 6.6.6.3 Hydrostatic Pressure Tests - .

-IWC.25001, Category C.II, Note 7. For the
_

purposes of the system inservice test for Class 3 As required by Section XI, IWC.2500 for
- systems, the system boundary is defined in Note 1 of Category B.P, the hydrostatic pressure test shall be -

Amendment 21 64-4 +
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performed in accordance with ASME Section
IWC 5222 on all Clas 2 components and piping
within the pressure retalning boundary once during
each 10 year inspection interval. For purposes of the
hydrostatic pressure test, the pressure retaining
boundary is deimed in Table IWB 25001, Category
B.P. Note 1. The system hydrostatic test shall
include a VT 2 examination in accordance with
IWA.5240. For the purposes of determining the test
pressure for the system hydrostatic test in
accordance with IWB $222 (a), the system design
pressure as indicated on the applicable piping and
instrumentation diagram for the system, as shown in

Table 1.71, shall be used for P, yin all cases.

6.6.7 Augmented Inservice Inspection

| 6.6.7.1 liigh Energy Piping>

All high energy piping between the
containment isolatlan valvt.s are subject to the
following additional inspection requirements:

All circumferential welds shall be 100 percent
volumetrically examined each inspection interval as
defined in Subsection 6.63.23. Further, accessibility,
examination requirements and procedures shall be as
discussed in Subsections 6.6.2, 6.6.3 and 6.6.5, h
respectively, piping in these areas shall be scamless,
thereby eliminating all longitudinal welds.

6.6.7.2 Erosion Corrosion

Piping systems determined to be susceptible to
single phase erosion corrosion shall be subject to a
piogram of nondestructive examinations to verify the
system structuralinteg.ity. The examination
schedule and examination methods shall be
determined in accordance with applicable regulations
and regulatory documents, such as NRC Bulletin4

87 01, and applicable rules of Sculon XI of the
ASME Boiler and Pressure Vessel Code.

6.6.8 Code Exemptions'

As provided in ASME Section XI,IWC 1220 -
and IWD 1220, certain portions of Class 2 and 3
systems are exempt from the volumetric and surface
and visual examination requirements of IWC.2500
and IWD-2500. These portions of systems are
specifically identified in Table 6.61

|_ Amendment 21 66$
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Table 6.6-1

EXAMINATION CATEGORIES AND METHODS (Cont.) W
[ $

$ Quality System System System P&ID Sec. Xr Items Exam h$R

Group Number Title Description Diagram Exas Cat. Examined Method [
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5
B Pil Purified 50A piping penetrating Figure Exempted ~

Make-up primary containment from 5.2-5b per IWC-1222

Water outermost valve F141 up (a) , (b)

to and including inboard
check valve F142.

All pressure retaining C-H External VT-2
Surfacescomponents and piping
(Note 5)
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B: P24 HVAC Piping penetrating prima- Figure- Exempted >g!
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!Normal ry containment from valve 9.2-2b per IWC-1222 ~

Cooling F142 up to ar.d including (a),(b) J;
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All pressure retaining C-H External VT-2
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EXAMINATION CATEGORIES AND NETNODS (Cont.)
iE,$

!! -
E Quality System System System P&ID Sec. XI Items Exam 5g-

Group Number. Title Description Diagram Exam Cat. Examined Method ch,
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I
B- .T39 Atmos- Drywell / .Wetwell purge Figure- E

~

pheric- supply 1ines from prima- 6.2-399
-

.

Control ry containment penetra-
tions through valves F002
and F003, through Flow
Elements FE001 and FE003

Piping C-F-2 Welds UT, MT :

.(Note 1) |
|

Integral attachments C-C Welds MT

(Note 3)

All pressure retaining C-H External VT-2
surfacescomponents
(Note 5)

Piping and component F-A Supports YT-3

supports (Note 6)
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E Qualit System System System P&ID Sec. XI Items Exam 7 |
1 Group Number Title Descriptiot. . Diagram Exam Cat. Examined Method [-
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C B21 . Nuclear Main Steam SkV discharge Fig.5.1- $ L

~Boiler lines 3b
t

[ All pressure retaining D-A External YT-2 .

components and piping Surfaces
(Note'7) |

|

|
i

Integral Attachments D-A Welds VT-3 i

(Note 8) [;
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Piping and Component F-A Supports VT-3 ;
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6.7 HIGil PRESSURE NITROGEN GAS The bottles are mechanically restrained to

Q SUPPIN SYSTEM preclude generation of high. pressure missiles
during an SSE. The bottles are also covered by

6,7.1 Functions a heavy steel plate, which serves as a barrier
to potential missiles.

The high pressure nitrogen gas supply system
is divided into two independent divisions, with Flow rate and capacity requirements are

'

each division containing a safety related divided into an initial requirement and a
emergency stored nitrogen supply. The essential continuous supply. An initial requirement for
stored nitrogen supply is Safety Class 3, Seismic cach ADS SRV provides for actuations of the
Category 1, designed for operation of the main valve against drywell Pressure. Fifty gallon
steam S/R valve ADS function accumulators. accumulators supplied Dr each main steam ADS

SRV actuator fulfill the steam valve
requirement. T1.c continuous supply is divided

The function of the nonsafety.related, makeup into safety and nonsafety portions,
nitrogen gas supply system is:

Compressed nitrogen at a rate adequate to
(1) relief function accumulators of main steam make up the nitrogen leakage of each serviced

S/R valves, valve is provided by tbc safety portion. This
assumes an air _ leakage _ rate for each valve of 1

(2) pneumatically operated valves and- scfh for a period of at least seven days. The -
instruments inside the PCV, essential system with associated lines, valves

'
and fittings are classified as Safety Class 3,

(3) lekk detection system radiation monitor Seismic Category 1,-
calibration

The nonsafety portion provides compressed
(4) ADS function accumulators to compensate for nitrogen at a rate adequate to recharge the ADS

the leakage from main steam S/R solenoid SRV accumulators. The nonessential system has
valves during normal operation two pressure control valves to depresstrize the

nitrogen gas from the AC system. One is to
6.7.2 System Description depressurize to 200 psi for the SRV accumulators

and the other is to depressurize to 100 psi for
Nitrogen gas for the essential system is other pneumatic uses.

supplied from high pressure nitrogen gas storage
bottles. Nitrogen gas-for the nonessential- The continuous supply portion of the
makeup system is supplied from the nitrogen gas pneumatic system, extending from the AC system
evaporator via the makeup line to the atmospheric to the isolation valve prior to the essential-
control (AC) system. The nitrogen supply system system is not safety related, i

shall supply nitrogen which is oil. free with a
moisture content of less than 2.5 ppm. The Nonsafety piping and valves of the system are
essential system is separated into_ two designed to ANSI B31.1, Power Piping Code, and
divisions. There are ticlines between the the requirements of Quality Gro'up D of
nonessential and each division of the essential . Regulatory Guide 1.26. Pressure vessels and
system. Each ticline has a motor operated heat cxchangers are designed to ASME Section
shutoff valve. For details, see Figure 6.71 and VIII, Division 1.
Table 6.1 1.

__ Sy' stem design pressure is 200gsig with the
Each division of the essential system has ten system design temperature at 150 F.

bottles. .Normally, outlet valves from five of
the ten bottles are kept open. Each division 6.7.3 System Evaluation
has a pressure control valve to depresturize the
nitrogen gas from the bottles. Vessels, piping and fittings of the safety

portion of the system are designed to Seismic

Amendment 21 - 6.71
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p Category 1, AShlE Code Ill, Class 3, Quality Group isolation valves in order to verify Iheir
(j C and Quality Assurance 11 requirements, except leaktightness. Operation of valves and

for the piping and valves for the containment and associated equipment used to switch from the
drywell penetrations which are designed to nonsafety to safety nitrogen supply can be
Seismic Category 1, AShlE Code lit, Class 2, tested to assure operational integrity by manual
Quality Group B and Quality Assurance B actuation of a switch located in the control
requirements, room t.nd by observation of associated position

indication lights. Periodic tests of the check
The essential high pressure nitrogen gas valves and accumulators shall be conducted to

supply is separated into two independent assure valve operability
divisions, with each division capable of
supplying 100% of the requirements of the 6.7.5 Instrumentation Requirements
division being serviced. Each division is
mechanically and electrLally separated from the A pressure sensor is provided for the safety ,

other. The system satisfies the components' nitrogen supply, and an alarm signals low
nitrogen demands during all plant operation nitrogen pressure.
conditions (normal through faulted).

A remote manual swite'' and open closed
Safety grade portions of the high pressure position lights are provided in the control room |nitrogen gas supply system are capable of being for valve operation and position indication. '

isolated from the nonsafety parts and retaining
their function during LOCA and/or seismic events
under which any nonsafety parts may be damaged.

Pig c routing of Division 1 and Division 2
nitrogen gas is kept separated by enough space so

O that a single fire, equipment dropping accident,
U strike from a single high energy whipping pipe,

jet force from a single broken pipe, internally
generated missile or wetting equipment with
spraying water cannot prevent the other division
from accomplishing its safety function.
Separation is accomplished by spatial separation
or by a reinforced concrete barrier, to ensure
separation of each pneumatic air division from
any systems and components which belong to the
other pneumatic air division.

6.7.4 Inspection and Testing Requirements

Periodic inservice inspection of components,
in accordance with AShlE Section XI, to ensure the
capability and integrity of the system is
m a nd atory. Nitrogen quality shall be tested
periodically to assure compliance with ANSI
hic 11.1.

The nitrogen isolation valves are capable of
being tested to assure their operational
integrity by manual actuation of a switch located
in the control room and by observation of
associated position indica; ion lights. Test and

(]. vent connections are provided at the containment
,

Am:ndment 13 6.7-2
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O 7.2 israooucrios insitumentaiien in ihe safeix ,ciated s>siem.
^

and uses the input icformation to perform logic
This chapter presents the specific detailed functions in n,aking decisions for safety

design and performance information relative to actions.
the instrumentation and control aspects of the
safety related systems utilized throughout the Divisional separation is also applied to the
plant. The design and performance considerations essential multiplexing system (EMS), which
relative to these systems' safety function and provides data highways for the sensor input to
their mechanical aspects are described in other the logic units and for the logic output to the
chapters. system actuators Sct sated devices such as pump

motors and motor operated valves). Systems
7.i.i identification of Safety.Related which utilize the SSLC are the reactor
Systems protection (trip) system, the high pressure core

flooder system, the residual heat removal
".1.1.1 General system, the automatie depressurization system,

oc leak detection and isolation system and the
- Instrumentation and ontrol systerns are reactor core isolation cooling system which are

designated as either nonsafety related systems or defined in the following subsections and
safety systems depending on their function. Some discussed in other sections of this chapter,
portions of a system may have a safety function
while other portions of the same system may be 7.1.1.2 Reactor Protection (Trip) System (RPS)
classified nonsafety related. A description of
the system of classification can be found in The reactor protection (trip) system instru.
Chapter 15, Appendix A. nentation and controls initiated an automatic

reactor shutdown via insertion of control rods
7(d The systems presented in Chapter 7 are also (scram) If monitored system variables exceed

classified according to NRC Regulatory Guide preestablished limits. This action avoids fuel
1.70, Revision 3 (i.e., reactor protection damage, limits system pressure and thus
(trip) system (RPS), engineered safety festate restricts the release of radioactive material.
(ESP) systems, systems required for safe
shutdown, safety related display instrumentation, 7.1.1.3 Engineered Safety Features (ESF)
all other instrumentation systems required for Systems
safety, and control systems not required for
safety). Table 7.11 compares instrumentation 7.1.1.3.1 Emergency Core Cooling Systems (ECCS)
and control systems of the ABWR with those of the
GESSAR 11238 Nuclear Island. Differences and lastrumentation and controls provide A
their effect on safety related systems are also automatic initiation and control of specific $
identified in Table 7.11. core cooling systems such as high pressure core

flooder (HPCF) systent, automatic depressuri-
Each individual safety related system utilizes ration system (ADS), reactor core isolation

redundant channels of safety related instruments c'ooling system (RCIC) and the low pressure
for initiating safety action. The autornatic de- coolant injection flooders of the residual heat
cision making and trip logic functions associated removal system provided to cool the core fuel
with the safety action of several safety related cladding following a design basis accident.
nuclear Leam supply systems (NSSS) are accom-
plished by a four division cornelated and sepa. 7.1.1.3.2 teak Detection and Isolation System
rated protection logic complex called the safety
system logic and control (SSLC). The SSLC multi. Instrumentation and controls monitor selected
divisional complex includes divisionally separate potential sources of steam and water leakage or
control room and other panels which house the other conditions and automatically laitiate M
SSLC equipment for controlling the various safety closure of various isolation valves if moaitcred $hg function actuation devices. The SSLC receives system variables exceed preestablished limits.
loput signals from the redundant channels of This action limits the loss of coolant from the

Amendment 10 7.11
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reactor coolant pressure boundary and the Instrumentation and control is provided to
release of radioactive materials from either the automatically maintain an ecceptable thermal | 7y g
reactor coolant pressure boundary or from the environment for safety equipment and operating *

fuel and equipmer.t storage pools. personnel.

[
7.1.1JJ Wetwell and Drpell Spray Mode of RIIR 7.1.1J.9 IIVAC Emetyency Cooling Water System

i4
Instrumentation and control provides manual Automatic instrumentation and control is 6 E

'
initiation of wetwell spray and manual initiation provided to assure that adequate cooling is
of drywell spray (when high drywell pressure provided for the main control room, the control
signalis present) to condens s steam in the con- building essential electrical equipment rooms,
tainment and remove heat from the containment. and the diesel generator cooling coils.
The drywell spray has an interlock such that dry-
well spray is possible only in the presence of a 7.1.13.10 liigh Pressure Nitrogen Gas Supply
high drywell pressure condition. System

Automatic instrumentation and controf is | 8
i

7.1.1J.4 Suppression Pool Cooling Mode of RilR R
'

(SPC RilR) provided to assure adequate instrument high
pressure nitrogen is available for ESF equipment

instrumentation and control is provided to operational support.
manually initiate portions of the RilR system to
effect cooling of the suppression pool water. 7.1.1.4 Safe Shutdon Systems

7.1.13.5 Standby Gas Trratment Sy. tem 7.1.1.4.1 Alternate Rod Insertion Function
(ARI)

Instrumentation and Control is provided to
maintain negative pressure in the secondary Though not required for safety,instrumenta-

tion and controls for the ARI provide a function hh || containment and for automatically limitingairborne radioactivity release from containment for mitigation of the consequences of antici-*

if required. pated transient without scram (ATWS) events.
Upon receipt of an initiation signal (high reac-

7.1.13.6 Emergency Diesel Generator Support tot dome pressure or low reactor water level),
Systems the fine-motion control rod drive (FMCRD) motor

shall automatically drive all rods full-in. 4
Instrumentation and control is provided to as- This provides a method, diverse from thc $

sure availability of electric control and motive hydraulic control units (llCUs) for scramming the
power under all design basis conditions. The reactor.
function of the diesel generator is to provide

7
y | automatic emergency AC power supply for Ihe 7.1.1.4.2 Standby Liquid Control System (SLCS)

safety-related loads (required for the safe*

shutdown of the reactor) when the offsite source Instrumentation and controls are provided for
of power is not available. the manualinitiation of an independent backup

system which can shut the reactor down from
7.1.13.7 Reactor ilullding Cooling Water System rated power to the cold condition in the event

that all withdrawn control rods cannot be
Instrumentation and control is provided to inserted to achieve reactor shutdown,

assure availability of cooling water for heat
removal from the nuclear system as required. 7.1.1.43 Residual ileat Removal (RilR) System /

q Safety related portions of this system start Shutdown Cooling Mode

a automatically on receipt of a LOCA and/or LOPP
"

signal. Instrumentation and controls provide manual
initiation of cooling systems to remove the

7.1.13.8 Essential llVAC Systems decay and sensible heat from the reactor vessel.

O
Amendment 21 7.12
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Q FIGURE 7.3 5 LEAK DETECTION & ISOLATION SYSTEM IBD

GE PROPRIETARY . provided under separate' cover

Page(s) Amendment Page(Si Amendment
73 104 20 73-10439 20
7 3-104.1 20 7 3-104.40 '*0
73 104.2, 20 7 3 104.41 20
73-1G43 20 73 104.42 20
73-104.4 20 73-1M.43 20
7 3-104.5 20 73-1N.44 20
73-1N.6 20 7 3-104.45 20
73 144.7 20 731M.46 20
7 3-104.8 20 73-104.47 20
73-104.9 20 -73-104.48 20-
73-1N.10 20 7 3 104.40 20
73-1N.11 - 20 73-1G4.50 20
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7 3-104.24 20 73-104.63 21
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(b) The following nuclear boiler instrumen- (7) Electrical Power Distribution System (EPDS)

O tation is provided on the remote shut-
'd down control panels as indicated: (a) The following functions have transfer

and control switches located on the
(i) reactor water level wide range in- Division I remate shutdown panel:

dication (A, B)
(i) 6.9Kv M/C diesel generator (A)

(ii) reactor water level shutdown range incoming breaker
indication (A, B)

(ii) 6.9Kv M/C C bus tie to S(A,B)-2
(iii) reactor pressure indication (A,B) breakers

(5) Reactor Building Cooling Water (RCW) System (iii) 6.9Kv M/C C power train C 1,2
feeder breakers

(a) The following functions have transfer
and control switches located on the (iv) 480V P/C C-1,2 incoming breakers
remote shutdown panels as indicated:

(v) 480V P/C C-1 bu6 tie to D 1
(i) RCW Pumps (A,E and B,D) breaker

(ii) RCW heat exchanger cooling water (b) iK 0 ; wing functions have transfer
outlet valves (A,E and B,D) 3 r . u.ntrol switches located on the

Dmsion 11 remote shutdown panel:
(iii) RCW RHR heat exchanger outlet

valve (A,B) (i) 6.9Kv M/C diesel generator (B)
incoming bmaker

(iv) RCW diesel generator outlet valve
(,") (A,E and B,D) (ii) 6.9Kv M/C D bus tie to S(A,B)-2

| breakers
'

(v) RCW supply side separator valve
(A,B) (iii) 6.9Kv M/C D power train D-1,2

I feeder breakers
(b) RCW loop flow A,B indication is provided

on the RSS panels. (iv) 480V P/C D-1,2 incoming breakers

|(6) Reactor Senice Water System 'RSW) (v) 480V P/C D-1 bus tie to C-1
breaker

(a) The following functions have transfer
| and control switches located on the (c) A 6.9Kv M/C (C,D) voltmeter is provided

remote shutdown panels as indicated: on RSS panels A,B, respectively.

(i) RSW Pumps (A,E and B,D) (8) Flammability Control System (FCS)

(ii) RCW heat exchanger sea water inlet (a) The following FCS system equi ment func-

| valve (A E and B,D) tion has transfer and cont , witches

| located on both remote shutoown panels
'

(iii) RCW kHR heat exchanger strainer as indicated:
inlet valve (A,E and B,D)

(i) valve (cooling water inlet) A, B
(iv) RCW heat exchanger sea water out-

let vake (A,E and B,D)

{

J
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(9) Atmospheric Control (AC) System The subsystem's inherent diversity provides
mitigation of the consequences of ATWS (antici-

(a) The following AC system equipment pated transient without scram) events. This
functions have transfer and control capability is discussed in Subsection 7.7.1.
switches located on both remote shutdown 2.2.
panels as indicated:

7.4.2.1.2 Specific Regulatory Requirements
(i) suppression pool temperature (A, B) Conformance

(ii) suppression pool level (A,B) T.Jole 7.12 identifies the alternate rod in.
sertion (ARI) function and the associated codes

(10) Makeup Water Condensate System (MUWC) and standards applied. In addition to GDCs 13
and 19 (applied to non safety-related system /

(a) The following MUWC system equ'pment functions in accordance with the SRP, Section
funct on has transfer and control 7.7), GDC 25 and Reg Guide 1.75 are also ad-i

switches located on the Division 11 dressed relative to the shutdown characteris-
remate shutdown panel as indicated: tics of the subsystem and its interface with

the essential power buses The following ana-
_ (i) condensate storage poollevel(B) lysis lists the applicable criteria in order of

the listing on the table, and discusses the de-
(11) Emergency Diesel Generator (DG) System gree of conformance for each. Any :xceptions

or el rifications are so noted.
(a) The following DG system equipment func.

tions have transfer and control switches (1) 10CFR50.55a (IEEE 279)
located on corresponding remote shutdown
panels as indicated: Although the ARI is not Class 1E, the par-

tions of the FMCRD used for the hydraulic g
(i) diesel generator run/stop (A) scram function are qualified as Class 1E. w

These furtetions are analyzed along with the
(ii) die.selgenerator run/stop (B) reactor protection (trip) system discussed

in Section 7.2.
7.4.2 Analysis

With regard to IEEE 279, Section 4.7, sig-
7.4.2.1 Alternate Rod Insertion Function nals which interface between ARI and RPS

are optically isolated such that postulated
7.4.2.1.1 General Functional Requirements failures within the ARI controls cannot,

i Conformance affect the safety-related scram functiou.

The alternate rod insertion (ARI) function is The RC&lS logic has been designed such that
accomplished by the rod control and information no single failure results in failure to in-
system (RC&lS) and the fine-motion control rod sert more than one operable control rod
drive (FMCRD) subsystem. This function provides when the ARI function is activated. Also,
an alternate method of driving control rods into two manual actions are required at the
the core which is diverse from the hydraulic dedicated operators panel to manually
scram system. initiate ARI.

The RC&IS and the active run-in function of (2) General Design Criteria (GDC)
the FMCRD motors are not required for safety, nor
are these components qualified in accordance with (a) Drite.ria: GDCs 13,19, and 25.
safety-related criteria. However, the FMCRD
components associated with hydraulic scram are (b) Conformance: The ARI is in compliance
qualified in accordance with safety criteria.

Amendment 2 7,4-10



_ - . _ ., .. ..... .. . . . _ , . ._ _- ._ . _. - -. _ . , _ . __ ..-. _ ._ . _ . . _ . . . . . _ _
T

t.

,

: '-ABWR 2maiocre
'

Standard Plant- ev. s'- '
_.

;

.i
<

h .|

|C
j.; .' .

1

4-

5 - p
4.-
Ii

: 2

y GE PROPRIETARY - provided under separate cover
-

;. :
.,

Figure Panc(s) ' ' Amendmen. -;
a

I 7.6-5 7.6-46 56 - . 21 --
1

I
.

k'
.

1 -
1

!,

!
,

.

'8

.

i

4

i

>

.

: O
r
i

J

~ - .

1- ,

!
.

4

4

4

1

1

e .

i

a

r
'

a

%

4

4

-

TO

{ Amendment 21.' 7.6-46 56

.

.
"

- , . < -y v e k t i, my, w r < e ,.. / & we v,, -# , y e y e v.w- r y y- y- w c w ,- w- , v w g - .- .,v,w,< g ,--,e-ye,e -s.,,,, yye wre s w e,in-r w wer,-=v o. .y , w - -m me-n v-w+w- g- r t
-



_ - . _ . . . . . . - _ . . . _ _ . _ _ _ . _ . . . . _ _ . _ _ . .- - _ _ _ .. _ _ . _ . . _ _ _ _ . ,y.,_._.. _ _ . , . ~ .

-

1
._
l' /ABM .

2346ioore:-
'

i S[r idard Plant nov. n
,

<-
y 3

_

,

, - --
_-

4

f

!~
; --

!:.
,
j..

r r

! - -

GE PROPRIETARY _. provided under separate cover>

:
s

i
'

>

.

. . *

|- Figure : Pane (s) Amendment -
4

!- 7.6-11 7.6-80 81 .21
,

| 7.6-12. 7.6-82 -21

1-
f-

i;-
,

e

a

v 1r
4

'

. - ,

4

4
4

?

i -

! O. i
s -

i-
!
i.

4 .':

.. =

|,

s

. .

e
i 1

; i

a
_.

i

i:-
4

T

11

.

y. ,

i

u- / . :.

Amendment 21
-' .7.680 82'--

,,''
th '

4

t

- __s.. __.. _..s s.-- - - , -i-_J~...
. . .. . :.-m J - .,...._._,-_-.;,,,.<,',._,m_.-.;;.I.,..;e......,.,~,,.4e.,.,,,.m...,...,...,,,,,~- -



. - . . . . - . . . - . - . . . . . . . . . . . . . . . . . . . _ - - ... . . - - . - . . . - .

. :
J '

QM .
me

'

Standard Plant -- nw n =
.

1

..

!:

; . -- ,

. ,

r--

-

i'
| GE PROPRIETARY ' provided under separate cover
!- 4

i, *

| Elgute Pane (s) Amendment

!. 7.72 = 7.7 42 - 44.2 21
3-

] 7.7 3b - 7.7 45-46 2
4 :
; ' 7.7 3c 7.7 47' 2-

s.

!. 7.7-3d 7.7 48- -2 _

4. -
-

j. 7.7-3e 7.7 49-.. 2.
t

j 7.73I- ' 7.7-50 .: 2-

j 7.7 3g 7.7 51 '2
-

!. 7.7-3h 7.7 52 2 ,

.

| :7.73i 7.7 53 - -2-
"

..

r

j' ,

t
i_.
!

.

i-
:

| *

+-
.[ : 4

*

8 1

j .:

~.\.,

1;

7--
.

G *

r-

i

!

t:

.

i

(;

. .[
'

-

; Amendment 21 -7,7-42 - 53 - '|
!

,

i; .i

.- _ . , , ... - , .; 2 - ,._u,. .. ;. _ ..;....,, :. .. , , _ , , . . . . . . . . . . _ . _ . . . . .. . , . . . , . . . . _ _ ,
. . . . . . . . . , _ '



. .. . . . . _ . . _ _ _ _ . . . . ._ . _ . . . _ _ _ _ . . . . . _ _ _ . _ _ _ _ . _ . . . . _

I

,

ABWR .

2mimar
'

Standard Plant nev. n
.

)

::o ,.

,

:
.

.

GE PROPRIETARY - provided under separate cover

Figure Eagdal Amendment

7.7 12 7.7-89 - 90- 21

,

h

A

.

,

O

.

J

h

i.

j

,

..

*.. A ' '

U:

Amendment *1 7.7 89, go

. . . . . . . . . . . . - . ,, .. .. - . . . . . . . . . . . _ . . _ _ . . _ _ . . . . . . . . . _ . . . . . - .._ ,___. _..... . .- _..._... .....-, ._.. . -..



ABWR DA61@AF

Standard . Plant imv n

O

,

GE PROPRIETARY - provided under separate cover

O

Figure 7.7-12 STEAM BYPASS AND PRESSURE CONTROL SYSTEM IED, SHEET 3

O
|

Amendment !! 7.7 91

|



, . . . .-... . - . - - - . . . .. . ... . .-. . .. .- - ... ~ .. . . - . - . - . . - . . - . . - -. -.-. _. .

r. > ,

!

ABM ursioorv

y Simpdard Plant ev. n
,

i. - .-

i , ;-
-

i-
F
!-

,

,

.

.

P- ;
'=
.

j- GE PROPRIETARY - provided under separate cover
,

|.
Figure Pane (s) -Amendment.

I

7.7 13 7.7-92 % - 21'

l'
.

|

,

i.
!

!

O .

i-

|..
i

l

I
|
c8 ,

r
t.
I

,

3

3

|

|-
> - s-

[ :.
--

i.

. T.-

|'
i

|
| ..

-

''

.,

--Amendment 21 7.7-92. %

,

'
~

- e-- w 4 es .s- 4 -1 .,mmk -..v-,y..., ,,. a,_, g,. , ., w ,.,y,,, , , h wy ,f, g..,,7,,,%,,,1gp,,,,.g.,,,W , , , , , ,.,,,,7,.,g,t,.W ,, s,,,,,y_ ,p.,,_,,, ,



. - - . . . - . - .- .. . . - _ .

ABWR 2mimo
REV. HStandard Plant4

CHAPTER 8

TABLE OF CONTENTS
a

Section 31tle Eagt

8 ELECTRIC POWER

8.1 INTRODUCTION 8.11

8.1.1 Utility Grid Description 8.11
,

8.1.2 Onsite Electric Power System 8.11-

8.13 Design Bases 8.1 3
,

i 8.1.4 COL License Jaformation 8.15

| 8.1.5 References 8.15

i 8.2 OFFSITE POWER SYSTEM 8.21
o

8.2.1 Description 8.2-1

'8.2.2 Analysis 8.2-3

: _
;

8.23 Design Bases (Interface Requirements) 8.2-4

8.2.4 Scope Split (Inettface Requirements) 8.2-5
,

6

8.2.5 References 8.2-5

83 - ONSITE POWER SYSTEMS 83-1'

83.1 AC Power Systems -- 83-1

83.2 DC Power Systems 83-20
i

833 Fire Protection of Cable Systems 8 3-23.1

83.4 COL License Information 83-23.2

$ 83-5 References 83-233

APPENDIX 8A MISCELLANEOUS ELECTRICAL SYSTEMS

i

8-il1

-

Amendment 21

._ _ . . - . . . . . _ , . . _ . . . .. ,- , , __ ..



.-. . - - - .. --. . . . - . . - . -..- _ . - . . . .

i

Mkh 23A6100A0

[|- Standard Plant RIN. B

" SECTION 8.1
'

CONTENTS
i-
i- Section Title P. age

F
i

j 8.1.1 Utility Grid Descrintion 8.1-1

1

.

8.1.2 Onsite Electrical Power System 8.1 I
!

8.1.2.1 Description of Offsite Electrical Power System 8.11,-

.

8.1.2.2 Descriptica of Offsite AC Power Distribution System 8.1 1
4

| 8.1.23 Safety Loads 8.1 2

8.13 Deslan Bases 8.13
i

8.13.1 Safety Design Bases--Onsite Power 8.13
,

8.13.1.1 General Functional Requirements 8.1-3'

8.13.1.1.1 Onsite Power Systems--General 8.13

8.13.1.1.2 SSLC Power Supply System Design Bases - 8.1-3.
'

a

h 8.13.1.2 Regulatory Requirements 8.1-4 -

: 8.13.1.2.1 - General Design Criteria 8.1-4

8.13.1.2.2 NRC Regulatory Guides 8.1-4'

8.13.1.23 Branch Technical Positions 8.15
~

| S'.13.1.2.4 Other SRP Criteria 8.1-5.

.8.1.4 COL License Informati.gn 8.15.

8.1.4.1 Diesel Generator Reliability - - 8.1-5
,.

2.

- 8.1.5 ' References ' 8.15

TABLES

Table Title : East
'

8.11- - On Site Power System SRP Criteria
' 8.1-6~Applicability Matrix--

8 . 1 11p.
.Q-,

i Amendment 21
'

,

v m ^-r n -A wm -v- * v v e ---e-v+ , em r ,- 3-. 1-g,< e rw- w-- y +.f*- -'--r& , - .v - w ym vg



.- .- . - - - .- . . - - - ---.

ABWR memo
: Standcrd Plant anv n

8.1 ' INTRODUCTION power, which is backfed from the offsite power grid
- over the main power circuit to the unit auxiliary

8.1.1 Utility Grid Description transformers. The two low voltage windingr,of the
reserve transformer are rated 18.75 MVA cach.

The description of the utility grid sptem is out of
the ABWR Standard Plant scope, however there are 8.1.2.2 Description of Onsite AC Power Distribution
interface requirements contained in Section 8.2.3.1 System

which must be complied with by the Utility.
Three turbine building non-safety-related buses

8.1.2 Electric Power Distribution Systern per load group and one reactor building safety-
related bus per division receive power from the

8.1.2.1 Description of Offsite Electrical Power single unit auxiliary transformer assigned to each
System load group Load groups A, B and C line up with

Divisions I,11 and III, respectively. One winding of
The scope of the offsite electrical power system the reserve auxiliary transformer may be utilized to

includes the entire system from the termination of supply reserve power to each |of the non safety-
the transmission lines coming into the switchyard to related buses either directly or indirectly through bus
the termination of the bus duct at the terminals of tie breakers. The three safety-related buses may be
the main generator and at the input terminals of the supplied power from the other winding of the reserve
circuit breakers for the 7.2KV switchgear. The auxiliary transformer.
applicant has design responsibility for portions of the
offsite power system. The scope split is as defined in - A combustion turbine generator supplies standby
the detailed description of the offsite power sptem power to permanent non safety-related loads in the
in Section 8.2.1.1. turbine building. These loads are grouped on one of

the 6.9KV buses per load gioup. A p3wer supply bus
The 1500MVA main power transformer is a is also provided from the con bustion turbine to the

bank of three single phase transformers. One single three Class 1E medium voltage buses in the reactor

O phase installed spare transformer is provided. building via breakers that are normally racked out
~ for Divisions I and 111 and remote manually closed

A generator breaker capable of interrupting the under administrative control for Disision II.
maximum available fault current is provided. This
allows the generator to be taken off line and the in general, motors larger than 300 KW are
main grid to be utilized as a power source for the - supplied from the 6.9Kv bus. Motors 300KW or
unit auxiliary transformers and their loads, both ' smaller but larger than 100KW are supplied power
Class 1E and non. Class 1E. This is also the start up from 480V power center switchgear. Motors 100KW

.

power source for the unit. or staaller are supplied power from 480V motor
control centers. The 6.9KV and 480V single line

There are tbree unit auxiliary transformers, diagrams are shown in Figure 8.3-1.'

connected to supply power to three approximately
equalload groups of equipment. The " Normal During normal plant operation all of the non.
Preferred * power feed is from the unit auxiliary' . Class 1E buses and two of the Class 1E buses are
transformers so that there normally are no bus supplied with power from the turbine generator" -

transfers required when the unit is tripped off the through the unit auxiliary transformers. The third
line. Class 1E bus is supplied from the reserve

transformer. This third division is immediately
One, three winding 37.5 MVA unit reserve. available, without a. bus transfer, if the normal

auxiliary transformer is supplied to provide power via preferred power is lost to the other two divisions.
one winding for the emergency buses as an alternate
to the " Norma! Preferred" power. The other! Three diesel generator standby ac power supplies
secondary winding supplies reserve power to the provide a separate onsite source of power for each
non-safety-related buses in the turbine building. Class 1E load group when normal or alternate
This is truly a reserve transformer because unit preferred power supplies are not available. The
startup is accomplished from the nor nal preferred transfer from the normal preferred or alternate

Amendment 21 8.1-1
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preferred power supplies to the diesel gen..rator is ECCS derives its power from the four divisions of
automatic. The transfer back to the normal 125V de buses. The four buses provide the g
preferred or the Mternate preferred power source is redundancy for various instrumentation, logic and
a manual transfer. trip circuits and solenoid valves. The SSLC power

supply is further described in Subsection 8.13.Lt.2.
The Division I, II, and III standby ac power

supplies consist of an independent 6.9Kv Class 1E 8.1.23 Safety Loads

diesel generator, one for each division. Each DG
may be connected to its respective 6.9Kv Class 1E The safety loads utilize various Class IE ac
switchgear bus through a main circuit breaker and/or de sources for instrumentation and motive or'

located in the switchgear, control power or both for all systems required for
safety. Combinations of power sources may be

The standby ac power system is capable of involved in performing a single safety function. For
providing the required power to safely shutdown the example, low voltage de power in the control logic
reactor after loss of preferred power (LOPP) and/or may provide an actuation signal to control a 6.9kV

loss of coolant accident (LOCA) or to maintain the circuit breake; to drive a large ac-powered pump
safe shutdown condition and oper te the Class 1E motor. The systems required for safety are listed
auxiliaries necessary for plant safety during and after below.
shutdown with any one of the three power load
groups. (1) Safety System logic and Control Power Supplies

including the Reactor Protection System
The plant 480 VAC auxiliary power system

distributes sufficient power for normal auxiliary and (2) Core and Centainment Cooling Systems
Class IE .80 volt plant loads. All Class IE elements
of the auxiliary power distribution system ate (a) Residual Heat Removal System (RHR)
supplied via the 6.9Kv Class 1E switchgear and,
therefore, are capable of being ied by the normal (b) liigh Pressure Core Flooder (HPCF)
preferred, alternate preferred, standby or System $
combustion turbine generator power supplies.

(c) Automatic Depressurization System (ADS)
The 120 VAC non-Class 1E instrumentation

power system, Figure 83-4, provides power for (d) Leak Detection and Isolation System (LDS)
non-Class 1E control and instrumentation loads. (e) Reactor Core Isolation Cooling System

(RCIC)
The Class 1E 120 VAC instrument power

system, Figure 83-4, provides for Class 1E plant (3) ESF Support Systems.

controls and instrumentation. The system is
separated into Divisions I, II and III with distribution (a) Diesel generator Sets and Class 1E ac/dc
panels fed from their respective divisional sources. power distribution systems.

The 125V de power distribution system provides (b) HVAC Emergency Cooling Water System
four independent and redundant onsite battery (HECW)
sources of power for operation of Class IE de loads.
The 125V de non-Class IE power is supplied from (c) Reactor Building Cooling Water (RCW)
three 125V de batteries located in the turbine System

building. A separate non-Class IE 250V battery is
provided to supply uninterruptible power to the plant (d) Spent Fuel Pool Cooling System
computers and non-Class IE de motors.

(e) Standby Gas Treatment System (SGTS)
The safety system and logic control (SSLC) for

RPS and MSIV derives its power from four (f) Reactor Building Emergency HVAC System
uninterruptible 120 VAC bases. The SSLC for the

(g) ControlBuilding HVAC System

Amendment 21 8.12
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(h) High Pressure Nitrogen Gas Supply System all divisional buses on the loss of only one of the

h") offsite power supplies.The transfer to the alternate
(4) Safe Shutdown Systems preferred feeder is manual. During the interim,

power is automatically supplied by the diesel
(a) Standby Liquid Control System (SLCS) generators.

(b) Nuclear Boiler System The redundant Class 1E electricalload groups
(Divisions I,II, and III) are provided with separate

(i) Safety / Relief Vahes (SRVs) onsite standby ac power supplies, electric buses,
(ii) Steam Supply Shutoff Portion distribution cables, controls, relays and other

electrical devices. Redundant parts of the system are

(c) Residual Heat Removal (RHR) system physically separated and independent to the extent
decay heat removal that in any design basis event with any resulting loss

of equipment, the plant can still be shut down with
(5) EssentialMonitoringSystems either of the remaining two d visions. Independent

raceway systems are provided to meet load group
(a) Neutron Monitoring System cable separation requiremt ts for Divisions I,II, and

III.
(b) Process Radiation Monitoring System

Dhisions I, II, and I'I standby ac power supplies
(c) Containment Atmosphere Monitoring have sufficient capacity to provide powcr to all their

System respective loads. Lots of the normal preferred
power supply, as detected by 6.9Kv Class IE bus

(d) Suppression PoolTemperature Monitoring under-voltage relays, will cause the standby power
Sptem supplies to start and connect automatically, in suffi-

cient time to maintain the reactor in a safe conditian,

n For detailed listings of Division I, II and Ill loads, safely shut down the rcactor or limit the
() see Tables 83-1 and 83-2. consequences of a design basis accident (DBA) to

acceptable limits. The standby power supplies are
8.1.3 Design Bases capable of being started and stopped rnanually and

are not to be stopped automatically during
8.13.1 Safety Design Bases-Onsite Power emergency operation unless required to preserve

integrity. Automatic start will also occur on receipt
8.13.1.1 General Functional Requirements of a level 11/2 signal (HPCF initiate), level 1.0

signal (RHR initiate) and high drywell pressure.
8.1J.1.1.1 Onsite Power Systems-General

The Class 1E 6.9Kv Divisions I, II, and III
The unit's total safety-related load is divided into switchgear buses, and associated 6.9Kv diesel

three divisions of load groups. Each load group is generators,480 VAC distribution systems,120 VAC
fed by an independent 6.9Kv Class 1E bus, and each and 125 VDC power and control systems conform to
load group has access to one onsite and two offsite Seismic Category I requirements and are housed in
power sources. An additional onsite power source is Seismic Category I structures. Seismic Qualification
provided by the combustion turbine generator is in accordance with IEEE Standard 344. (See
(CTG). Section 3.10)

Each of the two normally energized power feeders 8.13.1.1.2 SSLC (Safety System Logic and

are provided for the Divisions I,II and III Class 1E Control) Power Supply System Design Bases

systems. Normally two load groups are fed from the
normal preferred power source and the third load In order to provide redundant, reliable power of
group is fed from the alternate preferred power acceptable quality and availability to support the
source. Both feeders are used during normal plant safety logic and control functions during normal,
operation to prevent simultaneous deenergization of upset and accident conditions, the following design

/3 bases apply:

O
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'(1) 'SSLC power has four separate and independent -- (2) RG 1.9 - Seiection. Design and I
Class IE inverter constant voltage constant Qualification of Diesel generator g
frequency (CVCF) power supplies each backed Units Used as Standby (Onsite)
by separate Class IE batteries. Electric Power Systems at Nuclear

Power Plants;

(2) Provision is made for automatic switching to the
alternate bypass supply from its division in case (3) RG 132 - Criteria for Safety Related Elec-
of a failure of the inverte power supply. The tric Power Systems for Nuclear
inverter power supply is synchronized in both Power Plants;

frequeacy and phase with the alternate bypass
supply, so that unacceptable voltage Spikes will (4) RG 1.47 - Bypassed and inoperaole Status
be avoided in case of an automatic tran<fer from Indication for Nuclect Power
normal to alternate supply. The SSLC unin'er. Plant Safety Systems;

ruptible power supply complies with IEEE Std.
.

'

944. (5) RG 1.63 - Electric Penetration Arsemblics in
Contain r.ent Structures for-

8.13.1.2 Regulatory Requirements 1.ight Water Cooled Nuclear
Power Plants;

The following list of criteria is addressed in
accordance with Table 8.1 1 which is based on Table (6) RG 1.75 - PhysicalIndependence of Electile'
81 of the Standard Review Plan. In general, the Systems;
ABWR is designed in accordance with all criteria.
Any exceptions or clarifications are so nated. Isolation between Class 1E power supplies and

non-Class 1E loads is oiscussed in Subsection
8.13.1.2.1 General Design Criteria . 83.1.1.1.-

(1) GDC 2- Design Bases for Protection againr.t (7) RG 1.81 - Shared Emergency and Shutdown
Natural Phenomena; Electric Systems for Multi Unit g

Nuclear Power Plants;

(2) GDC 4 - Environmental and Mi.< site Design
Bases; The ABWR is designed as a sing!c unit plent.

Therefore, this Regulatory Guide is not
(3) GDC S - Sharing of Stractures, Systems and applicable.-

Components;
(8) RG 1.106- Thermal Overload Protection for

The ABWR is a single unit plant design. Electric Motors on Motor-
Therefore, this GDC is not applicable. Operated Vahrs;

(4) GDC 17 - Electric Power Systems; (9) RG 1.108 Periodie' Testing of Dleset
i= Generator Units Used as Onsite

(5) GDC 18 Inspection and Testing of Electrical Electric Power Systems at Nuclear
Power Systems;. Power Plants;

(6) GDC 50- Containment Design Bast . (10) RG 1.118- Periodic Testing of Electric Power
_

and Protection Systems; .
,

a8.13.1.2.2 NRC Regulatory Guides
;

(1) RG 1.6 - Independence Between Rt - indant
Standby (Onsite) Power Sources and (11) RG 1.153- Criteria for Power, Instrument.

L- Between Their Distribution Systems; ation, and Control Portions of i

Safety Systems; ;

(12) RG 1.155- Station Blackout - O;
,
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8.13.1.23 Branch Technical Positions (3) Thil Action Item II.G.1-Emergency Power for
Pressurizer Equipment;

(1) BTP ICSB 4 (PSB) - Requiremen's on hiotor-
- Operated Valves in the ECCS Accumulator This criteria is applicable only to PWRs and

Lines;- does not apply to the ABWR.

This BTP is written for Pressurized Water 8.1.4 COL License Information
Reactor (PWR) plants only and is therefore not
applicable to the ABWR. 8.1A.1 Diesel Generator Reliability

i

(2) BTP ICSB 8 (PSB)- Use of Diesel generator NUREG/CR 0660 pertaining to the enhantement
Sets for Peaking; of onsite diesel generator reliability through

operating procedures and training of persennel will
The diesel generator sets are not used for be addressed by the applicaat (see Subsection
peaking in the ABWR design. Therefore, this 8.13.1.2.4(1)).

. criteria is satisfied.
8.1.5 References

(3) BTP ICSB 11 (PSB)- Stability of Offsite Power
Systems; IEEE Std 944, Recommended Practice for the

Application and Testing of Uninterruptible Power
(4) BTP ICSB 18 (PSB) Application of the Smgle Supplies for Power Generating Stations.

Pailure Criterion to hianually Controlled
Electrically-Operated Valves;

"

(5) BTP ICSB 11 - Guidance for Application of
Regulatory Guide 1.47; ,

(6) BTP PS31 Adequacy of Station Electric-
Distribution System Voltages;
ISee Subsection 8.3.1.1.7 (8)]

'

(7) BTP PSB 2 - Criteria for Alarms and Indications ,

Associated with Diesel Generator Unit ]
Bypassed and inoperable Status; !

8.1J.1.2A Other SRP Criteria

(1) NUREG/CR 0660 - Enhancement of Onsite
Diesel Generator Reliability;

Operating procedures and the training of
_

personnel are outside the scope of the ABWR
Standard Plant. NUREG/CR 0660 is there.

- fore imposed as an interface requirement for the - :+

applicant._ See Subsection 8.1.4.2 for interface
requirement.

,

(2) Thfl Actics item II.E.31. - Emergency Power
Supply for Pressurizer Heater;

This criteria is applicable only to PWRs and
does not apply to the ABWR,

O
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TABLE 8.1-1 j
ON SITE POWER SYSTEh! SitP CRITERIA

APPLICABLE MATRIX -

E I
b b b<

g ; 7 .

APPLICABLE $ j !
CRITERIA y } h

S |_ |REF.
IEEE M 2 2
STD @ W 8

GDC2 X X
GDC4 X X
GDC5"
GDC17 X X X
GDC18 X X X-
GDC 50 X X
RG 1.6 - X X
RG 1.9 - 387 X-
RG 1.32 308- X X _X
RO i.47 ' X X X-
RG 1.63 317 X -X
RG 1.75 384 X X
RG 1.81" -

:

RG 1.106 ' X -X
RG 1.108 . X
RG 1.118 338 X X
RG 1.128 484 -X:
RG 1.129 450 X .i
RG 1.153 .603 X .I
RG 1.155"* NUMARK

8700 : X. _X''

BTP ICSB 4* 279.

BTP ICSB_8 308 X
BTP ICSB 11 X,

|' BTPICSB 18 X
BTPICSB 21 X X =X

| BTP PSB 1 X
BTP PSB 2 X
NUREG CR0660 X

|- II. E. 3.1*
!. II. G.1 *
|
|

-

PWR only; not applicable to ABWR*

..

Muld-unit plants only; not applicable to single-unit ABWR**

See Subsection 19E.2.1.2.2
'

***
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8.2 OFFSITE POWER SYSTEMS 8.2.12 Description of Offsite Power spiem

O
.

8.2.1. Descripilon The offsite elec tical power system within the
scope of the ABE standard design consists of the
iso ated phm bus duct up to the low voltagel8.2.1.1 Scope
term.nals of the main power transformer, isolated '

This section provides a description of the system phase bus duct to the unit auxiliary transformers, a
design and the performance requirements for the low voltage generator breaker, three unit auxiliarys

.

~ ffsite power system. The offsite power system transformers, a reserve auxiliary transformer, ando
consists of the electrical circuits and associated 6.9kV connections from the unit auxiliary and'

equipment for interconnection to the offsite reserve transformers to the input terminals of the

[ transmission system, the plant main generator, and medium voltage (7.2kV,500MVA) switchgear, as
the onsite power distribution systems. Included are indicated on the single line diagram, Figure S31.
the plant switchyards, the main step up transformers, The main power transformer, the high voltage ! cads+

the unit auxiliary transformers, the reserve to the switchyards, the switchyards and the auxiliary'

transformer, the high voltage tie lines from the equipment for those portions of the system are in the
switchyards to the transformers, the isolated phase scope of the applicant.

,

buses with their auxiliary systems including relays
i and local instrumentation and controls, and the Air cooled isolated phase bus duct rated 36kA is

non segregated phase bus ducts from the unit provided for a power feed to the main power'

auxiliary and reserve transform:rs to the medium transformer.
,

voltage switchgear.,

A generator breaker is provided in the isolated
,

The offsite power system includes the phase bus duct at an intermediate location betweeni

transmission system and the switchyard, It ends at the main generator and the main power transforme.. 1

tb terminals of the plant main generator and at the The generator breaker provided is capable of

p circuit breaker input terminals of the medium interrupting a maximum fault current of 275kA'

Q voltage (7.2kV) switchgear. The design scope for the symmetrical and 340kA asymmetrical at 5 cycles
standard plant ends at the low voltage terminals of after initiation of the fault. This corresponds to the
the main power transformer and the high voltage maximum allowable interface fault current specified
terminals of the reserve auxiliary transformer. in Section 8.23. The low voltage generator breaker
Although the transmission system and switchyard are . allows the generator to be taken off line and the
not in the scope of the standard plant design, the main grid to be utilized as a power source by
standard plant design is based on a transmission backfeeding to tne unit auxiliary transformers andi

system and swi chyard which meet certain design their loads, both Class 1E and non Class 1E. This ist:
| concepts. Design bases (10CFR Part 52 interface also the start up power source for the unit.

requirements) consistent with these concepts are'

included in Section-8.2.3 for COL applicant. Unit sychronizatiori will normally be through the
Meeting the stated design bases will ensure that the low voltage generator breaker. A coincidental
total power system design is consistent and meets all three-out of-three logic scheme and synchrocheck
regulatory requirements. relays are used to prevent faulty synchronizations. *

Dual trip coils are provided on the breaker and
The portions of the offsite power system which control _ power is supplied from redundant load

fall under the design responsibility of the COL - groups of the non-safety-related ousite 125V DC
applicant will be unique to each COL application. It power.

L is the responsibility of all concerned parties to insure
that the total completed design of equipment and It is a de_ sign bases requirement that syn-
systems falling within the scope of this SSAR section chronization he possibie through the switching ,
be in line with the description and requirements - station's circuit bredersgee Section 8.23).~
stated in this SSAR, however. See Section 8.23 for a
detailed listing and description of the design bases There are three unit auxiliary transformers. The
requirements. transformers have three windings and each trans-

former feeds one Class AE bus diret ,, two non-

O_ Class 1E buses directly, and one non-Class 1E bus
1

Amendment 21 8,21
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indirectly through a non IE to non IE bus tie. The transformers by a minimum distance of 50 feet, it is
medium voltage buses are in a three load group a requirement that the 50 foot minimum separation g-
arrangement with three non-safety-related buses and be maintained by the incoming tie lines, alsoi The
one safety-related bus per load group. Each unit - transformers are provided with oil collection pits and
suxiliary transformer has an oil / air rating at 65 drains to a safe disposal area. j

!degrees centigrade of 37.5Mva for the primary
winding and 18.75Mya for each secondary winding. Reference is made to Figures 8.31 for the single
The forced air / forced oil rating is 62.5 and line diagrams showing the method of feeding the
31.25/31.25Mva respectively. The normalloading of loads. Separation of the normal preferred and~
the six transformers is balanced with the heaviest alternate preferred power feeds is accomplished by
loaded winding carrying a load of 17.7Mva The ' floors and walls over their routes through the
heaviest transformer loading occurs when one of the turbine, control sud reactor buildings except within
three unit auxiliary transformers is out of service the switchgear rooms where they must be touted to
with the plant operating at full power. Under these the same switchgear lineups. The normal preferred
conditions the heaviest loaded winding experiences a feeds are routed around the outside of the turbine
load o' 21.6Kva, which is about two thirds of its building in an electrical tunnel from the unit auxiliary
forced air / forced oil rating. See Table 8.2-1 for a transformers to the turbine building switchgear
more detailed summary of the loads, rooms as shown on Figure 8.21. (An underground

duct bank is an acceptable alternate.) From there
Disconnect links are provided in the isolated phase the feeds to the reactor building exit the turbine

bus duct feeding the unit auxiliary transformers so building and continue across the' roof on th~e
that any single failed transformer may be taken out Disisions 1 and 3 side of the control building (Figure
of service and operation continued on the other two 8.31). They drop down the side of the control
unit auxiliary transformers. One of the buses building in the space between the control and reactor -
normally fed by the failed transformer would have to buildings where they enter the reactor building and
be picked up on the reserve auxiliary transformer in continue on through the Divisions I and 111 side of
order to keep all reactor internal pumps operating so the reactor building to the respective safety-related
as to attain full power. The reserve auxiliary switchgear rooms in the reactor building. h.
transformer is sized for this type of service,

The alte:nate preferred feeds from the reserve.
Oni, three winding 37.5MVA unit reserve . auxiliary transformer are routed inside the turbine

transfctmer is supplied to provide power as an - building. The turbine building cwitchgear feed from
alternate to the " Normal Freferred" power. One of the reserve auxiliary transformer is routed directly to

_

the egually rated secondary windings supplies reserve the turbine building switchgear rooms. The feed to
power to the nine (three through cross ties) ' the control building is routed in corridors outside of
non safety-related buses and the other winding the turbine building switchgear rooms, it exits the
supplies reserve power to the three safety related turbine building and crosses the control building roof
buses? The combined load of the three safety- on the opposite side of the control building from the
related buses is equal to the oil / air the rating of the - route for the normal preferred power feeds. The-
transformer winding serving them. This is equal to - steam tunnel is located between the normal
60% of the forced air / forced oil rating of the preferred feeds and the alternate preferred feeds
transformer winding. The transformer is truly a across tbc stepped roof of the control building. The -
reserve transformer because unit startup is alternate preferred power feed turns down between
accomplished from the normal preferred power, the control and reactor building and enters the
which is backfed over the main power circuh to the reactor building on the Division 11 side of the reactor
unit auxiliary transformers The reserve auxiliary- building. From there it continues on to the respec-
transformer serves no startup function. tive switchgear rooms in the reactor building.

8.2.1.3 Separation Instrument and control cables for the unit auxiliary
transformer are to be routed in solid metal raceways

The location of the main transformer, unit auxiliary and separate from the normal preferred power cable
transformers, and reserve auxiliary transformer are raceways by a separation that is equivalent to that
shown on Figure 8.2-1. The reserve auxiliary provided for the power feeds. The reserve auxiliary
transformer is separated from the unit auxiliary cables may not share raceways with any other cables, -

Amendment 21 8.2-2
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however. The instrumentation and controls for the routed by two completely separate path < arough

(_) unit auxiliary transformers and generator breaker the turbine building, control building a- actor
may be routed in the raceways corresponding to the building to their destinations in the t wgency'

load group of their power source. electrical rooms. Although these load groups
are non. Class IE, such separation assures the

A combustion turbine supplies standby power to physicalindependence requirements of GDC 17
the non safety-related turbine building buses which aie preserved.
supply the permanent non-safety-related loads. It is
a 9hiW rated self-cc otained unit which is capable of The transformers are provided with oil collection
operation withaut external Luxiliary systems. pits and drains to a safe disposal area. This
Although it is located on site, it is treated as an separation meets the requirements of BTP
additional offsite source in that it supplies power to Ch1EB 9.5-1 and is therefore deemed adequate,
multiple load groups of electrical buses.

(3) GDC 18 - Inspection and Testing of Electrical
hianually controlled breakers provide the Power Systems;

capability of connecting the combustion turbine
'

genciator to any one of the emergency buses if all The low voltage generator breaker must open on a
other power sources are lost. turbine trip to maintain the normal preferred power

supply to the safety buses. This breaker cannot be
The locat, ion of the combustion turbine generator tested during normal operatior. of the plant.

(CTG) is shown on Figure 8.2-1. The CTG standby Generator breakers are extremely reliable. There
power feed for the turbine building is routed directly are published test results showing a reliability
to the s.vitchgear rooms in the turbine building. The number of 0.9967 for 50 close operations per year.
branch to the reactor building is routed adjacent to This compares favorably with the probability of,

the alternate preferred feeds across the control and failure from other causes of the normal preferred
i reactor buildings. power supply,

m

U 8.2.2 Analysis All other equipment can either be tested during,

a normal plant operation or it is continually tested by
In accordance with tL NRC Standard Review Plan virtue of its operation during narmal plant operation

(NUREG 0800), Table 8-1 and Section 8.2, the and it ternaining in the same state to supply normal
offsite power distribution system is designed preferred power tc. the safety buses following a
consistent with the following criteria, so far as it turbir.e trip.
applies to the non-Class IE equipment. Any
exceptions or 'uifications are so noted. (4) RG's 1.32,1.47, and BTP ICSB 21;

8.2.2.1 General Design Criteria These distribution load groups are non-Class 1E
and non-safety related. Therefore, this criteria is

(1) GDC 5 and RG 1.81 - Sharing of Structures, not applicable.
Systems and Components;

(5) RG 1.153--Criteria For Power, Instrumentation
The ABWR is a single unit plant design, and Control Portions of Safety Systems
Therefore, these criteria are not applicable.

(6) RG 1.155--Station Blackout
(2) GDC 17 - Electric Power Systems;

(7) BTP ICSB 11 (PSB) - Stability of Offsite Power
As shown in Figure 8.3-1, each of the Class 1E Systems;
divisional 6.9 kV hi/C buses can receive power
from multiple sources. There are separate _ (8) Appendix A to SRP Section 8.2
utility feeds from the station grid (via the main
transformer), and the offsite line (via the reserve It is a requirement that the design, testing and
auxiliary transformer). The unit auxiliary instalhtion of the low voltage generator breaker

n transformer output power feeds and the reserve meet the specific guidelines of this appendix,
() auxiliary transformer output power feeds are

Amendment 21 8.2-3
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therefore compliance with the appendix is probability nsk analysis. If, during this analysis,'-
assured.

'

it is determined that the availability of the power g
;

..

from the alternate preferred power source is
(9) IEEE Std 765, IEEE Standard for Preferred significantly less reliable than the normal

Power Supply for Nuckar Powered Generating preferred power, normal operation of all plant
Stations buses from the normal preferred power source

,
_

is acceptable and recommended.'
It is a requirement that the total design provided
by GE and the applicant meet the requirernents (5) The main and reserve offsite power circuits shall
of this IEEE standard as modified by the be electrically independent and physically
following specific additional requirements and separated.- They shat be connected to switching
explanatory statements in Table 8.2 2. The stations which are independent and separate,
additional rcquirements are more restrictive They shall be connected to.different
than the requirements which they replace or transmission systems,
modify from the IEEE standard. Any stated
requirements in the SSAR which are in conflict (6) The switching station to which the main offsite
with the requirements stated in this standard power circuit is connected shall have at least two
take precedence over the requirements of the full capacity main buses arranged such that:
standard. -

(a) Any incoming or outgoing transmission line
8.2.3 Design Rrises (Interface can be switched without affecting another
Requirementsi . line;

The standard design of the ABWR is based on . (b) Any single circuit breaker can be isolated
certain assumptions concerning the design bases - for maintenance without interrupting
which will be met by the COL applicant in designing service to any'circult; .
the portion of the offsite power system in his scope,
as defined in Section 8.2.1.1 Those design bases (c) Faults of a single main bus are isolated h.
assumptions are listed here which the COL applicant without interrupting service to any circuit,
should meet.

(7) The main power transformer shall be three
(1) In case of failure of the normal preferred power normally energized single. phase transformers

supply circuit, alternate preferred power should -with an additionalinstalled spare. Provisions
normally remain available to the reserve shall be made to permit connecting and
auxiliary transformer.- energizing the spare transformer in no more

than 12 hours following a failure of one of the-
. (2) Voltage variations shall be no more than plus or normally energized transformers.

minus 10 percent of their nominal value during .
normal steady state operation. Their should be -(8) The main transformer shall be designed to meet
a voltage dip of no more than 20 percent during the requirements of ANSI Standard C57.12.00,
motor starting. It is expected that the sizing of -- General Requirements for Liquid-Immersed
the unit auxiliary and reserve auxiliary Distribution,- Power and Regulating
transformers, (see Section 8.2.1.2) will insure Transformers. -
that this voltage dip requirement is met.

(9) . Physical separation between transformers and
(3) Maintain the normal steady state frequency of ' oil collection shall be provided as stated for fire

- the power system within plus or minus 2 cycles . protection in Section 9A.4.6.
per second of 60 cycles per second during

..

recoverable periods of system instability. -(10) Circuit breakers and disconnect switches shall
be sized and designed it accordance with the

(4) Ar.alyn the site specific configuration of the - latest revision of ANSI Standard C37.06,
. referred Ratings and Related Capabilities foriacommg power lines to assure that the expected P

availability of the offsite power is as good as the AC High Voltage Circuit Breakers Rated on a 1

assumptions made in performing the plant Symmetrical Current Basis. -

Amendment 21 8.2-4
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(11) \lthough unit synchronization is normally to the main power transformer low voltage terminals.

] through the low voltage generator circuit The rated conditions for this interface is 1500 MVA
b*eaker, provisions shall be made to at a power factor of 0.9.nd a voltage of 26.325 kV
synchronize the unit through the switching plus or minus 10 per cent. It b a requirement that
station's circuit breakers. This makes it the COL applicant provide sufficient impedance in
possible to re-synchronize with the system the main power transformer and the high voltage
following a load rejection within the steam circuit to limit the primary side maximum available
bypass capability of the generating unit. fault current contribution from the system to no

more than 275 kA symmetrical and 340 kA asym.
(12) All relay schemes used for protection of the metrical at 5 cycles from inception of the fault,

c/ .te power circuits and of the switching These values should be acceptable to most COL
station's equipment shall be redundant and applicants. When all equipment and system
include backup protection features. All parameters are known, a refined calculation based
breakers shall be equipped with dual trip coils, on the known values with a fault located at the

. Each redundant protection circuit which generator side of the generator breaker may be
? supplies a trip signal shall be connected to a made. This may allow a lower impedance for the

separate trip coil. All equipment and cabling main power transformer,if desired,
associated with each redundant system shall be
physically separated. The second power scope split interface occurs at /

the high voltage terminals of the reserve auxiliary
(13) The de power needed to operate redundant transformer. The rated load is 37.5 MVA at a 0.9

protection and control equipment of the offsite power factor. The voltage and frequency will be the
power system shall be supplied from two COL applicants standard with the actual values to be
separate, dedicated switchyard batteries, each determined at contract award. Tolerances are plus
with a battery charger fed from a separate ac c: minus 10 per cent of nominal for voltage and plus
bus. Each battery shall be capable of supplying or minus 2 per cent of nominal for frequency.

q the de power required for normal operation of Frequency may vary plus or minus 2 cycles per
Q the switching station's equipment. 'second during periods of recoverable system

instability. The maximum allowable voltage dip
(14) Tvo redundant low voltage ac power supply during the starting of large motors is 20 %

systems shall be provided to supply ac power to
the switching station's auxiliary loads. Each Protective relaying scope split interfaces for the
system shall be supplied from separate, two power system interfaces are to be defined during
independent ac buses. The capacity of each the detail design phase following contract award.
system shall be adequate to meet the ac power
requirements for normal operation of the 8.15 References
switching station's equipment.

(1) ANSI Std C37.06, Preferred Ratings and
(15) Each transformer shall have primary and Related Capabilities for AC High Voltage

backup protective devices. DC power to the Circuit Breakers Rated on a Symmetrical
primary and backup devices shall be supplied Current Basis.
from separate de sources.

(2) ANSI Std C57.12.00, General Requirements for
(16) The requirements of IEEE Std 765, Preferred Liquid Immersed Distribution, Power and

Power Supply for Nuclear Generating Stations, Regulating Transformers.
as modified by Section 8.2.2.1(9) of this SSAR
shall be met.

8.2.4 Scope Split (Interfaces Require-
ments)

The interface point between the ABWR design and
n the COL applicant design for the main generator() output is at the connection of the isolated phase bus

Amendment 21 8.2-5
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Table 8.2 1 - - -.

ADDITIONAL REQUIREMENTS g
IEEE STD 765

IEEE STD765 Reference - Requirement or Esplanatory Note

4.1 General SSAR Figure 831 should be used as the reference
single line instead of the IEEE Std exampic, Figures 2,
(a), (b) and (c).

4.2 Safety Classification The redundancy, independence, separation and
application of single failure criteria called for in this
chapter of the SSAR must be met.

43 Function The ABWR design utilizes direct connection of the two
preferred power circuits to the Class 1E buses. One
circuit automatically supplies power to the Class 1E
buses following an accident.

5.1.2 Transmission System Additional analpis is required per Section
Reliability 8.23.1.

5.13 Transmission System
Independence

5.13.2- Specific requirements for tolerance to equipment

h_failures are stated in the SSAR and must be met,
:

5.133 Since a separation of at least 50 feet is required for the -
exposed circuits, it is not likely that a common takeoff -
structure will be used.

-53.2 Class 1E Power System See 5.133 comments.
Interface Independence,

533 Connections with Class 1E Systems

5.33.2 Manual and automatic dead-bus transfers are used.
Automati,c live-bus transfers are not required and are
not used.

5333 Only standby power sources may be paralleled with the

L preferred power sources for loat. testing. The available
| fault current must be less than the rating of the breakers.

It is not required and not allowed for the normal and
alternate preferred power supply breakers for a bus to
be closed simultaneously so there is no time that the
available fuait current at a bus exceeds the equipment

j rating.

7.0 Multi Unit Considerations The ABWR is a single unit design, therefore there is no -
sharing of preferred power supplies between units.

Amendment 21. 8.2-6
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8J ONSITE POWER SYSTEMS feedwater pumps, three circulating water pumps,

O three turbine building supply and exhaust fans).
83.1 AC Power Systems

Within each load group there is one bus which
The onsite power system interfaces with the supplies power production loads which do not

offsite power system at the input terminals to the provide water to the pressure vessel. Each one of
supply breakers for the normal and alternate power these buses hae ,ccess to power from one winding of
feeds to the medium voltage (7.2kV) switchgear. It its assigned unit auxiliary transfo mer. It also has
is a three load group system with each load group access to the reserve auxiliary transformer as an
consisting of a non safety-related and a safety related alternate source if its unit auxiliary transformer fails
portion. The three load groups of the Class 1E or during maintenance outages for the normal feed.
power system are independent of each other. The Bus transfer is manual dead bus transfer and not
principal elements of the auxiliary ac electric power automatic.
systems are shown on the single line diagrams (SLD)
in Figure 8.31,4,5 and 7. Another bus within each load group supplies power

to pumps which are capable of supplying water to the
Each Class 1E division has a dedicated diesel pressure vessel during normal power operation (i.e.,

generator, which automatically starts on high drywell the condensate and feedwater pumps). These buses
pressure, low reactor vessellevel or loss of voltage normally receive power from the unit auxtH:ry
on the division's 6.9 kV bus. Each 6.9 kV Class 1E transformer and supply power to the third bu' e tant
bus feeds it's associated 480V unit substation investment protection (PIP))in the load group
through a 6.9 kV/ ;80/277V power center trans. through a cross tie. The cross tie automatically
former. opens on loss of power but may be manually reclosed

if it is desired to operate a condensate or feedwater
Standby power is provi?cd to permanent pump from the combustion turbine or the reserve '

- non-safety-related loads in all three load groups by a auxiliary transformer which are connectable to the
} combustion turbine generator located in thu turbine PIP buses. This cross tic arrangement allows

O d tiat s. av i 8 ie se i 'en eris f <i is iis r dw i -
pumps are motor driven through an adjustable speed

AC power is supplied at 6.9KV for motor loads drive so that they have low starting currents and can
larger than 300KW and transformed to 480 V for be started and run at low power. The combustion
smaller loads. The 480V system is further turbine and reserve auxiliary trawformer have
transformed into lower voltages as required for sufficient capacity to start either or both of the
instruments, lighting, and controls, in general,-- reactor feedwater and condensate pumps in a load
motors larger than 300KW are supplied from the group. This provides three load groups of non safety
6.9KV buses. Motors 300KW or smaller but larger grade equipment in addition to the divisional 1E load
than 100KW are supplied power form 480V groups which may be used to supply water to the

.

switchgear. Motors 100KW or smaller are supplied reactor vesselin emergencies.
power ftom 480V motor control centers.-

_ _ A third bus supplies power to permanent non safety
See' Subsection 8.3.4.9 foi COL license loads such 'as the turbine building IIVAC, the

information. turbine building service water and the turbine
building closed cooling water systems. On loss of

8.3.1.0 Non Safety Related AC Power System normal preferred power the cross tic to'the power
production bus is automatically tripped open and the

8,3.1.0.1 Non Safety Related Medium Voltage Power _ permanent non safety related bus is automatically-
t Distribution System -

transferred (two out of the three buses in the load -
_. groups transfer) via a dead bus transfer to the

The non safety related medium voltage power _ combustion turbine wnich automatically starts on
distribution system consists of nine 6.9KV buses loss of power.:The permanent service systems for
divided into three load groups. The three load group each load group automatically restart to support ~
configuration was chosen to match the mechanical their load groupt

- systems which are mostly three trains (Three

Amendment 21 83-t .

_ _ - _ ___ _ __ --_____ _



. . - -

A.BWR mmo
Standard Plant nrv n

The buses are comprised of 7.2KV 500MVA power has been restored and maintained for
metal clad switchgear with a bus full load rating of approximately 60 seconds. gi2000A. Maximum calculated fullloan short tim ,
current is 1700A. Bus ratings of 30(0 amperes are The second switching mode is from ac to de for the
available for the switchgear as insui ance against power source. If the voltage of the input ac power is
future load growth,if necessary. The required less than 88% of the rated voltage, the input is
interrupting capacity is 41,000 amperes. switched to the de power supply. The input is

switched back to the ac power after a confirmation
The 6.9kV buses supply power to adjustable period of approxirnately 60 seconds.

speed drius for the feedwater and reactor internal
pumps. These adjustable speed d,iver e dedr~l The third switching mode is between the inverter and
to the requirements of IEEE Std SR Utilde N the voltage regulating tra |ormer. If any of thr,
liarmonic Control and Reactive Compensation of conditions listed below occur, the power supply is
Static Power Converters. Voltage distortion limits switched to the voltage regulating trarnforn.er,
are as stated in Table 4 of the IEEE Std.

(a) Output voltage out of rating by more than plus
8.3.10.2 Non. Safety Related im Voltage Pour or minus 10 per cent
Distribution System

(b) Output frequency out of rating by more than
Power for the 480V auxiliaries is supplied from plus or minus 3 per cent

power centers consisting of 6.9KV/480 volt
transformers and associated metalciad switchgear, (c) liigh temperature inside of panel
Figure 8.3-1. There are six non safety related, two
per load group, power centers. One power center (d) less of control power supply
per load group is supplied power from the
permanent non safety bus for the load group. (c) Commutation failure

8.3.1.0.3 Non-Class 10 Vital AC Power Supply (f) Overcurrent of smoothingcondenser h
System

(g) loss of control power for gate c!rcuit
The funuion of the non. Class 1E Vital ac Power

Supply System is to provide reliable 120V unin. (h) Incoming MCCB trip
terruptible ac power for important non safety related
loads that are required for continuity of power plant (i) Cooling fan trip
operation. The systern consists of three 120V ac
uninterruptible constant voltage, constant frequency Following correction of any of the above events
(CVCF) power supplies, each including a static transfer back is by manual initiation only,
inverter, ac and dc static transfer switc* es, aa

regulating stepdown transformer (as an alternate ac 8.3.1.0.4 Computer Vital AC power Supply Systern
power supply), and a distributio panel (Figure (Non Sufety Related)
8.3 5). The primary source of power comes from the
non Class 1E ac motor control centers. The Two constant voltage and constant frequency
secondary source is the non Class 1E 125 VDC power supplies are provided to power the p ocess
central distribution panels. computers. Each of the power supplies consists of

an ac to de rectifier, and a de to ac inverter, a bypass
There are three automatic switching modes for the transformer and de and ac solid state transfer

LVCF power supplies, any of which may be initiated switches (Figure 8.3 5). The netmal feed for the
man tally. First, the frequency of the output of the power supplies is from non Class 1E power center
inver cr is normally synchronized with the input ac supplied from the permanent non safety related.

powe', If the frertuency of the input power goes out buses which receive power from the combustion l

of ra age, the power supply switches over to internal turbine if offsite power is lost. The backup for the
ry:.chronization to restore the frequency of its normal feeds is from the 250VDC battery. Each
output. Switching back to external synchronization is power supply is provided with a backup ac feed |
automatic and occurs if the frequency of the ac though isolation transformers and a |

|

Amendment 21 8.3-2
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static transfer switch. The backup feed is provided The Division I safety related bus has one
for alternate use during maintenance periods. non safety. elated load on it. The load is a power
Switching of the power supply is similar to that center which supplies power to the fine motion
descrited for the non vital ac power su; ply system, control rod drive (FMCRD) motors. Although these
above. See Subsection 83.1.03. motors are not safety related, tLe drives may be

inserted as a backup to scram and are of special
8.3.1.1 Safety Related y Power Di$tribution importance because of this. It is important that the
System first available standby power be available for the

motors, therefore, a dicsci supplied bus was chosen
83.1.1.1 Medium Voltage Safety Related Power as the first source of standby ac , #ct and the
Distribution System combustion turbiac as the second oackup source.

Division I was chosen because it us the most lightly
Class 1E ac pmer loads sre divided into three loaded diesel generator.

dhisions (Divisions I,11, und Ill), each fed from an
independent 6.9 kV Class IE bus. During normal The load breaker in the Division I switchgent is
operation (which includes all modes of plant part of the isolation scheme between the safety-
operation; i.e., shutdown, refueling, startup, and related power and the non safety related load, in j

run.), two of the three divisions are fed from an addition to the normal overcurrent tripping of this |

offsite normal preferred power supply. The isolation breaker, rone selective interlocking is )
remaining division shall be fed from the alternate provided between it and its upstream Class 1E bus

'

power source (See Subsection 83.4.9). feed breaker.

|
Each 6.9 kV bus has a safety grounding circuit if fault current flows in the non-Class 1E load,it ;

breaker designed to protect personnel during is sensed by the Class IE current device for the
maintenance operations (see Figure 83-1). During isolation breaker and a trip blocking signalis sent to
periods when the buses are energized, these breakers the upstream Class 1E feed breaker This blocking
are racked out (l.c.,in the disconnect position). A lasts for about 75 milliseconds. This allows the

O cenirei reem annunciaier seunds whenever anx ef iseiatien breater ie trip in its nerm iinstantanceus
these breakers are racked in for service. tripping time of 35 to 50 millisecands,if the

magnitude of the fault current is high enough. This
The inteilocks for the bus ground:ng devices are as assures that the fault current has been terminated

follows: before the Class 1E upstream breaker is free to trip.
For fault currents of lesser magnitude, the blocking

(1) Undervoltage relays must be actuated. delay will time out without either breaker tripping,
but the isolation breaker will eventually trip and

(2) Ilus Feeder breskers must be in the disconnect always before the upstream breaker, This order of
position. tripping is assured by the coordination between the

two breakers provided by long time pickup,
(3) Voltage for bus instrumentation available. long time delay and instantaneous pickup trip device

characteristics. Tripping of the Class 1E feed
Conversely, the bus feeder beeakers ate breaker is normal for faults which occur on the Class

interlocked such that they cannot close unless their 1E bus it feeds. Coordination is provided between
assoc ated grounding breakers are in their disconnect the bus main feed breakers and the load breakers.i

positions.
The zone selective interlock is a feature of the trip

Standby AC power for Class 1E buses is supplied unit for the breaker and is tested vehen the other
by diesel generators at 6.9 kV and distributed by the features such as current set %g and long-time delay
Class 1E power distribution system. Division I,11 are tested.
and til buses are automatically transferred to the
diesel generators when the normal preferred power A p .it of interlocked breakers are provided at
supply to these buses is lost, the input to the power center transformer to supply

power to the transformer from either the safety-
O related diesel generator backed bus or the non-
V safety related combustion turbine backed bus.

Amendment 21 8.3-3
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Switchover to the diesel generator is automatic on Starters for the control of 460v motors 100kW or
loss of power from the safety related source, smaller are MCC-mounted, across-the line magneti. g
Switching back to the safety related power is by cally nperated, air bicak type. Power circuits leading
manual action only. The breaker in the safety. from the electrical penetration ssemblies into the
related leg of the power supply is Division I containment area have a fuse in series with the
associated. The breaker in the non safety-related leg circuit breakers as a backup protection for a fault
is non. safety related on the basis of the electrical current in the penetration in the event of circuit
isolation of its controls, the fact that there are two breaker overcurrent or fault protection failure.
breakers between it and the Class !E 6.9kV bus and
that the transfer breakers are interlocked such that 83.1.1J 120/240V Distribution System
only one can be in the closed condition.

Indhidual transformers and distribution pancis are
The circuits on the output side of the power located in the vicinity of the loads requiring

center transformer are non-safety.related on the 120/240V power. This power is used for lighting,
basis of the isolation provided by the two upstream 120V receptacles and other 120V loads.
breakers and the power center transformer, it is also
a requirement that they cannot be classified anything RJ.1.1.4 Instrument Power Supply Systems
other than non safety related t.o that they can never
be routed as associated with cables of any 83.1.1.4.1 120V AC Safety Related instrumeret
r,afety related dhhion. Power System

83.1.1.2 Low Voltage Fafety Related Power Individual transformers supply 120V se instru.
Distribution System ment power (Figure 83-4). Each Class 1E divisional

transformer is supplied from a 480V MCC in the
83.1.1.2.1 Power Centers same division. There are three divisions, each

backed up by its divisional diesel generr. tor as the
Power for 480V auxiliaries is supplied from power source when the ofisite source is lost. Power is

hcenters consisting of 6.9 kV/480V transform 6rs and distributed to the individual loads from distribution
associated metal clad switchgear, Figuse 83-L panels, and to logic level circuits through the c(mtrol

room logic panels.
Class 1E 480V power centers supplying Class 1E

loads are arranged as independent radial systems, 83.1.1.4.2 120V AC Safety Related
with each 480V bus fed by its own power Vital AC Power Supply System
transformer, Each 480V Class IE bus in a dhhion is
physically and electrically independent of the other 8.3.1.1.4.2.1 Constant Voltage, C.nstant Frequency
480V buses in other dhnions. (CVCF) Power Supply for the Safety System Logic

and Control (SSLC)
The 480V unit substation breakers supply motor

control centers and motor loads up to and including The power supply for the SSLC is shown in Figure
300KW Switchgear for the 480V load centers is of 83 5, with each of the four buses supplying power
indoor, metal enclosed type with drawout circuit for the independent trip systems of the SsLC system.
breakers. Control power is from the Class 1E 125 Four constant voltage, constant frequency (CVCF)
VDC power system of the same dhnion, control power buses (Divisions 1,11,111, and IV)

have been established. They are cach normally
83.1.12.2 Motor Control Centers supplied independently from inwerters which, in turn,

are normally supplied power via a static switch from

The 480V MCCs feed motors 100kW or smaller, ga rectifier which receives 480V dhhional power. A
control power transformers, process heaters, 125V de battery provides an alternate source of

.

|

motor-operated valves and other small electrically power through the static switch.
operated auxiliaries, including 480-120V and ,

,

480-240V transformers. Class 1E motor control cen- For Dhbions I, II, and Ill, the AC supply is from a |
ters ate isolated in separate load groups 480 V MCC for each dhnion. The backup de supply j

corresponding to divisions estab!Shed by the 480V is via a static switch and a de/ac inverter from the
unit substations. 125VDC central / distribution board for the 1

Amendment 21 SM
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division. A second static switch also is capable of (6) a manual transfer switch for maintenance.
O transferring from the inverter to a direct feed

through a voltage regulating transformer from a (7) an output power monitor which monitors the
480V motor control center for each of the three 120 VAC power from the CVCF power supply
divisions. to its output power distribution cabinet. If the

voltage or frequency of the ac power gets out of
Since there is no 480V ac Division IV power, its design range, the power monitor trips and

Division IV is fed from a Division I n20 tor control interrupts the power supply to the distribution
center. Otherwise, the ac supp'y for the Division IV cabinet. The purpose of the power monitor is to
CVCF power supply is similar to the other three protect the scram solenoids from voltage levels
divisions. The de supply for Dhision IV is backed up and frequencies which could result in their
by a separate Division IV battery. damage.

The CVCF power supply buses are designed to 83.1.1.4.2.3 Operating Configuration
provide logic and control power to the four dhision
SSLC system that operates the RPS. [The SSLC for The four 120 VAC essential power supplies oper-
the ECCS derives its power from the 125 VDC ate independently, providing four dhisions of CVCF
power system (Figure 8.3 7)]. The ac buses also power supplies for the SSLC. The normallineup for
supply power to the neutron monitoring system and each dhision is through an essential 480 VAC power
parts of the process radiation monitoring system and supply, the ac/de rectifier, the inverter and the static
MSIV function in the leak detection system. Power transfer switch. The bus for the RPS A solenoids is
distribution is arranged to prevent inadvertent supplied by the Dhision 11 CVCF power supply. The
operation of the reactor scram initiation or MSIV RPS B solenoids bus is supplied from the Division
isolation upon loss of any single power supply, til CVCF power supply. TI e #3 soleniods for the

MSIVs are powered from the Dhision I CVCF; and
Routine maintenance can be conducted on the #2 soleniods, from the Dhision 11 CVCF power

equipment associated with the CVCF power supply. supply.
Inverters and solid state switches can be inspected,
serviced and tested channel by channel without 8.3.1.1.5 Class IE Electric Equipment
tripping the RPS logic. Considerations

83.1.1.4.2.2 Components The following guidelines are utilized for Class 1E
equipment.

Each of the four Class 1E CVCF power supplice
includes the following components: 8J.1.1.5.1 Physical Separation ar;d

Independence
(1) a power distribution cabinet, including the

CVCF 120 VAC bus and circuit breakers for the All electrical equipment is separated in a:cordance
SSLC loads; with IEEE Std 384, Regulatory Guide 1.75 and

General Design Criterion 17, with the following
W a solid-state inverter, to convert 125 VDC power clarifying interpretations of IEEE Std 384:

:o 120 VAC uninterruptible power supply;
(1) Enclosed solid metal raceways are required for

(3) a solid-state transfer switch to sense inverter separation between safety.related or associated
failure and automatically switch to alternate 120 cables of different safety divisions or between
VAC power; safety.related or associated cables and non-

safety-related cables if the vertical separation
(4) a 480V/120V bypass transformer for the al- distance is less than five feet, the horizontal

ternate power supply; separation distance is less than three feet and
the cables are in the same fire area;

(5) a solid. state transfer switch to sense ac input
power failure and automatically switch to (2) Both groupings of cables requiring separation
alternate 125 VDC power. per item one must be enclosed in solid metalp/( taceways.

Amendment 21 8.3-5
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To meet the provisions of Policy issue SECY-b9- Associated cables, if an), are treated as Class 1E
013, which relates to fire tolerance, three hour rated circuks and routed in their corresponding divisional g
fire barriers are provided betvecen areas of different raceways. Separation requirement 6 are the same as
safety divisions throughout the plant except in the for Class IE circuits. Associated cables are requiref

primary containment and the control room complex. to meet an of the requirements for Class IE cables.
See Section 9.5.1.0 for a detailed description of how
the provisions of the Policy issue are met. The careful placing of equipment is important to

the necessary segregation of circuits by division.
The overall design objective is to locate the Deliberate routing in separate fire areas on different

divisional equipment and its associated control, floor levels, and in embedded ducts is employed to
instrumentation, electrical supporting systems and achieve physicalindependence.
interconnecting cabling such that separation is
maintained among all didslons. Redundant divisions 8.3.1.1.5.2 Class IE Electric Equipment Design
of electric equipment and cabling are located in Bases and Criteria
separate rooms or fire areas wherever possible.

(1) Motors are sized in accordance with NEMA
Electric equipment and wiring for the Class IE standards. The manufacturcrs' ratings are at

systems which are segregated into separate divisions least large enough to produce the atatting,
are separated so that no design basis event is capable pull in and driving torque needed for the
of disabling more than one division of any ESF total particular application, with due consideration
furiction. for capabilities of the power sources. Plant

design specifications for electrical equipment
The safety.related divisional ac switchgear, power require such equipment be capable of contin.

centers, battery rooms and de distribution panels and uous operation for vc,ltage fluctuations of + /-
MCCs are located to provide separation and elec. 10% in addition, Class 1E motors must be able
tricalisolation among the divisions. Separation is to withstand voltage drops to 70% rated during
provided among divisional cables being routed starting transients.
between the equipment rooms, the Main Control g
Room, containment and other processing areas. (2) Power sources, distribution systems and branch
Equipment in these areas is divided into Divisions I, circuits are designed to maintain voltage and
II,111 and IV and separate 3 by barriers formed by frequency within acceptable limits.
walls, Goors, and ceilings. The equipment is located
to facilitate divisional separation of cable trays and to (3) The selection of motor insulation such as Class
provide access to electrical penetration assemblies. F,11 or B is a design consideration br. sed on
Exceptions to this separation objective are identified service requirements and environment. The
and analyzed as to equivalency and acceptability in Class 1E motors are qua.tified by tests in
the fire hazard analysis. (See Appendix 9A.5) accordance with IEEE Std 334.

The penetration assemblies are located around the (4) Interrupting capacity of switchgear, power
periphery of the containment and at different centers, motor control centers, and distribution
elevations to facilitate reasonably direct routing to panels is equal to or greater than the maximum
and from the equipment. No penetration carries available fault current to which it is exposed
cables of more than one division. under all modes of operation.

Separation within the main control room is Interrupting capacity req drements of the 7.2kV
designed in accordance with IEEE 384, and is Class 1E sw'tchgear is relected to accommodate.

discussed in Subsection 8.3.1.4.1. the available short circuit current at the
switchgear term nal:. Circuit breaker andi

Wiring for all Class 1E equipment indicating lights applications are in accordance with ANSI
is an integral part of the Class IE cables used for Standards. (See Subsection 8.3.4.1 for COL
control of the same equipment and are considered to license information) -
be Class IE circuits.

Unit substation transformers are i. zed and
impedances choecn to facilitate the selection of h
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low. voltage switchgear, MCCs and distribution (3) 6.9kV feeders for heat exchanger building
panels, which are optimized within the manufac- substations have inverse time overcurrent and
turer's recommended ratings for interrupting ground fault protection.

capacity and c> ordination of overcurrent devices.
Impedance of connecting upstream cable is factored (4) 6.9kV feeders used Im motor starters have
in for a specific physicallayout. instantaneous,iu,crse time overcurrent, ground

f ult and motor protection.

83.1.1.5J Testing
(5) 480V bus incomingline and feeder circuits have

The design provides for periodically testing the inverse time overcurrent and ground fault
chain of system elements from <ensing devices protection.

through driven equipment to assure that Class 1E
equipment is functioning in accordance with design 8.3.1.1.6.4 Protection Requirements

requirements. Such on line testing is greatly
enhanced by the design, which utilires three V Hn the diesel. generators are cal'ed upon to
independent divisions, any one of which can safely operate during LOCA conditions, the only protective
shut down the plant. The requirements of IEEE Std devices which shut down, the diesel are the generator

379 Regulatory Guide 1.118 and IEEE 338 are met. differential relays, and the engine overspeed trip.
These protectica devices are retained under accident

83.1.1.6 Circuit Protection conditions to protect against possible, significant
damage. Other protective relays, such as loss of

S3.1.1.6.1 Philosophy of Protection excitation, antimotoring (reverse power) evercurrent
voltage restraint, low Jacket water pressure high

Simplicity of load grouping facilitates the usc of jacket water temperatme and low lube oil pressure,
conventional, protective relaying practires for are used to protect the machine when operating in
isolation of faults. Emphasis has been placed on parallel with the normal power system, during
preserving function and limiting loss of Class 1E periodic tests. The relays are automatic:. fly isolated

O canin-eni rn eiien in sii niiens ef ewer iess er f em ihe iriPP ns cireniis durin8 'oc^ cenditiens.iP

equipment failure. Ilowever, all bypassed parametesa are annunciated,

'

in the main control room (see Subsection 83.1.1.8.5).
Circuit protection of the Class IE buses contained The bypasses are testable and are manually reset as

within the nuclear island is interfaced with the design required by Position 7 of Reg. Guide 1.9 No trips
of the overall protection system outside the nuclear are bypassed during LOPP or testing.
island.

83.1.1.7 Load Shedding and Sequencing on
83.1.1.6.2 Grounding Methods Class 1E Suses

|

| The medium voltage (6900V) system is low resis- This subsection addresses Class 1E Divisions I, II,

l tance grounded except that each dicsci generator is and 111. lead shedding, bus transfer and sequencing

high resistance grounded to maximize availability, on a 6.9kV Class 1E bus is initiated on loss of bus
voltage. Only LOPP signals are used to trip the

83.1.1.63 Ilus Protection loads. Ilowever, the presence of a LOCA during
LOPP reduces the time delay for initiation of bus

Bus protectionis as follows: transfer from 3 seconds to 0.4 seconds. The load
sequencing for the diesels is given on Table 83-4.

(1) 6.9kV bus incoming circuits have inverse time
overcurrent, ground fault, bus differential and Load shedding and buses ready to load signals are

undervoltage protection. generated by the control system for the electrical
1 power distr;bution system. Individual timers for each
,

(2) 6.9kV feeders for power centers have instan- major load are reset and started by their electrical
taneous, inverse time overcurrent and ground power distribution systems signals.

fault protection.
(1) Loss of Preferred Power (LOPP) : The 6.9kV

Class IE buses are normally energized from the
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uormal or alternate preferred power supplies. occurs when the diesel generator is paralled with
Should the bus voltage decay to below 70% of either the normal prefered power or the gi
its nominal rated value for a predetermined time alternate preferred pown source, the D/O will ]
a bus transfer is initiated and the signal will trip automatically be disconnected from the 6.9 KV
the supply breaker, and start the diesel gener. emergency bus regradless of whether the test is
ator. When the bus voltage decays to 30%,large being conducted from the kical control panel or
pump motor breakers are tripped. The transfer the main centrol room. !

proceeds to the diesel generator, if the standby
diesel generator is ready to accept to d (i.e., (6) LOPP during diesel generator paralleling test: 1

voltage and frequency are within normallimits if the normal preferred power supply is lost
and no lockout exists, and the normal and during the diesel. generator paralleling test, the
alternate preferred supply breakers are open), diesel-generator circuit breaker is automatically
then the diesel-generator breaker is signalled to tripped. Transfer to the diesel generator then
close, accomplishing automatic transfer of the proceeds as described in (1).
Class 1E bus to the diesel generator. Large
motor loads will be sequence started as required if the alternate preferred source is used for load
and shown on Table 9 %4. testing the diesel generator, and the alternate

preferred source is lost (and no LOCA signal

(2) Loss of Coolant Accident (LOCA): When a exists), the diesel-generator breaker will trip on
LOCA occurs, with or without a LOPP, the load overcurrent, and LOPP condition will exist.
sequence timers are started if the 6.9 KV Load shedding and bus transfer will proceed as
emergency bus voltage is greater than 70% arid described in (1).
loads are applied to the bus at the end of preset
times. (7) Restoration of offsite power: Upon restoration

of offsite power, the Clars 1E bus (es) can be
Each load has an individual load sequence timer transferred bacx to the offsite source by manual
which will start if a LOCA occurs and the 6.9 operation only.
KV emergency bus voltage is greater than 70%, g

I regardless of whether the bus voltage source is (8) Protection against degraded voltage: For
normal or .thernate preferred power or the protection of the Division 1,11 and 111 electrical
diesel generator. The load sequence timers are equipment against the effects of a sustained
part of the low level circuit logic for each LOCA degraded voltage, the 6.9 kV ESF bus voltages
load and do not provide a means of common are mcnitored. When the bus voltage degrades
mode failure that would render both onsite and to 90% or below of its rated value and after a'

offsite power unavailable. If a timer failed, the time delay (to prevent triggering by transients),
LOCA load could be applied manually provided undervoltage will be annunciated in the control
the bus voltage is greater than 70%. room. Simultaneously a 5 minute timer is

started, to allow the operator to take corrective
(3) LOPP following LOCA: If the bus voltage action. After 5 minutes, the respective feeder

(normal or alternate preferred power) is lost breaker with the undervoltage is tripped,
during post accident operation, trem|er to diesel Should a LOCA occur during the 5-minute time
generator power occurs as described in (1) delay, the feeder breaker with the undervoltage
above. will be tripped instantly. Subsequent bus

,

l transfer will be as desribed above.
| (4) LOCA following LOPP: If a LOCA occurs fol-

lowing loss of the normal or alternate preferred 8.3.1.1.8 Standby AC Power Systemt

| power supplies, the LOCA signal starts ESF
equipment as required. Running loads are not The diesel generators comp %ing the Divisions I, Il
tripped. Automatic (LOCA + LOPP) time and til standby ac power supplies are designed to
delayed load sequencing assures that the quickly restore power to their respective Class 1E
diesel generator will not be overloaded. distribution system divisions as required to achieve

safe shutdown of the plant and/or to rAgate the
(5) LOCA wben diesel generator is parallel with . consequences of a LOCA in the event of a coincident

preferred power source during test: If a LOCA LOPP. Figure 8.3-1 shows the interconnections h|
'
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between the preferred power supplies and the (5) Each diesel generator has a continuous load
Dhisions I,11 and ill diesel generator standby power rating of 6.25 MVA @ 0.8 power factor (see
supplies. Figure 831). The overload rating is 110% of

the rated output for a two hour period out of a
83.1.1.8.1 Redundant Standby AC power 24-hour period.

Supplies
See Subsection 8.3.4.2 for COL license

Each standby power system dhision, including the information.
diesel generator, it, auxiliary systems and the
distribution of power to various Class 1E loads 8.3.1.1.83 Starting Circuits ana Systerns
through the 6.9kV and 480V systerns, is segregated
and separated from the other divisions. No Diesel generators t, Il and lli start automatically
automatic interconnection is provided between the on loss of bus voltage. Under voltage relays are used
Class 1E divisions. Each diesel generator set is to start each diesel engine in the event of a drop in
operated independently of the ott,er sets and is bus volatge below preset values for a predetermined
connected to the utility power system by manual period of tirne, low water. level switches and drywell
control, only during testing or for bus transfer. high pressure switches in each divisiou are used to

initiate dicsci 6 tart under accident conditions.
83.1.1J.2 Ratings and Capability Manual start capability (without need of de power) is

also provided. The transfer of the Class IE buses to
The sire of each of the diesel generators serving standby pc wer supply is automatic should this

Divisions I,11 and til satisfies the requirements of become necessary on loss of all preferred power.
NRC Regulatory Guide 1.9 and IEEE Std 387 and After the breakers connecting the buses to the
conforms to the following eriteria: preferred power supplies are open the diesel-

generator breaker is closed when required generator
(1) Each diesel generator is capable of starting, voltage and frquency are established,

accelerating and supplying its loads in the

O seseence shewn in Tahie 82-4. Disei seneraiers i. ii and iii are desiseed ie stari
and attain rated voltage and frequency within 20

(2) Each diesel generator is capable of starting, seconds. The generator, and voltage regulator are
accelerating and supplying its loads in their designed to permit the set to accept the load and to
proper sequence without exceeding a 25% accelerate the motors in the sequence within the
voltage drop at its terminals. time requirements. The voltage deop caused by

starting the large motors does not exceed the
(3) Each diesel generator is capable of starting, requirements set forth in Regulatory Guide 1.9, and

accelerating and running its largest motor at any proper acceleration of these motors is ensured,
time .ifter the automatic loading sequence is Control and timing circuits are provided, as
completed, assuming that the motor had failed appropriate, to ensure that each load is applied auto-

' atically at the correct time. Each diesel generatorto start initially. m
set u. provided with two independent starting air

(4) The criteria is for each diesel generator to be systems.
capable of reaching full speed and voltage within ,

20 seconds after receiving a signal to start, and 8.3.1.1.8.4 Automatic Shedding, Loading and
capabic d being fully loaded within the next 65 Isolation
seconds as shown in Table 83-4. The limiting
condition is for the R11R and lipCF injection The diesel generator is connected to its Class 1E ,

valves to be open 36 seconds after the receipt of bus only when the incruning preferred source
a high drywell or low reactor vessel level signal. breakers have been tripped (Subsection 83.1.1.7).
Since the motor operated valves are not tripped Under this condition, major loads are tripped from |
off the buses, they start to open, if requested to the Class 1E bus, except for the Class 1E 480V unit

'

do so by their controls, when power is restored substation feeders, before closing the diesel
to the bus at 20 seconds. This gives them an generator breaker. ;

o allowable travel time of 16 seconds, which is

C attainable for the valves. The large motor loc.s are later reapplied
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segJentially and automatically to the bus after 83.1.1.8.9 Reliability Quallfication Testing
cbsing of the diesel-generator breaker, g

The qualification tests are performed on the diesel
83.1.1.8.5 Protection Systems generator per IEEE Std. 387 as modified by

Regulatory Guide 1.9 requirements.
The diesel generator is shut down and the

generator breaker tripped under the following See Subsection 83.4.10 for interface require.
conditions during ali modes of operation and testing ments,

operation:
83.1.2 Analysis

(1) engine overspeed trip; and
83.1J.1 General AC Power Systems

(2) generator differential relay trip.
The general ac power systems are illustrated in

There and other protective functions (alarrus and Figure 831. The analysis demonstrates compliance
trips) of the engine or the generator breaker and of the Class 1E ac power system to NRC General
other off normal cor.ditions are annunciated in the Design Criteria (GDC), NRC Regulatory Guides
main control room and/or locally as shown in Table and other criteria consistent with the Standard
8.3 5. Local alarm / annunciation points have Review Plan (SRP).
auxiliary isolated switch outputs which provide inputs

to alarm / annunciator refresh units in the main Table 8.1 11dentifies the onsite power system and
control room which identifies the diesel generator tbc associated codes and standards applied in
and general anomaly concerned. Those anomalics accordance with Table 81 of the SRP. Criteria are
which cause the respective D/G to become listed in order of the listing on the table, and the
inoperitive are so indicated in accordance with degree of conformance is discussed for each. Any
Regulatory Guide 1.47 and BTP PSB-2. exceptions or clarifications are so noted.

83.1.1.8.6 Local and I emote Control (1) General Design Criteria (GDC):

Each dicsci generator is capable of being started or (a) Criteria: GDCs 2,4,17,18 and 50.
stepped manually from the main control room.
Start /: top control and bus transfer control may be (b) Conformance: The ac power system is in
transferred to a local control station in the diesel compliance with these GDCs. The GDCs
generator area by operating key switches at that are generically addressed in Subsection
station. 3.1.2.

83.1.1.8.7 l'ngine Mechanical Systems and (2) Reg'aato y Guides (RGs):
Accessories

(a) R G 1.6 Indepenhe Between Re-
Descriptions of these systems and accessories are dundant Standby (Onsite)

given in Section 9.5. Power Sources and Between
Their Distribution Systems

83.1.1.8.8 Interlocks and Testabilityi

(b) R G 1.9 Selection, Design, and Oua.
Each diesel generator, when operating other than lification of Diesel Generator

in test mode,is totally independent of the preferred Units Used as Standby
power supply. Additionalinterlocks to the LOCA (Onsite) Electric Power Sys-
and LOPP sensing circuits terminate parallel tems at Nuclear Power Plants
operation test and cause the diesel generator to
automatically revert and reset to its standby mode if (c) RG 132. Csiteria for Safety Relatei

j either signal appears during a test. A lockout or Electric Power Systems for

|
maintenance mode removes the diesel generator Nuclear Power Plants
from service. The inoperable status is indicated in

Qjthe control room.
J

l
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(d) RG 1.47 Bypassed and Inoperable Sta- There are three 6.9 KV electrical divisions which
tus Indication for Nuclear are independent load groups backed by individual
Power Plant Safety Systems dicsci generator sets. The low voltage ac systems

consists of four divisions which are backed by

(c) RG 1.63 - Electric Penetration Assem- independent de battery, charger and inverter
biles in Containment Struc- systems.
tures for Light Water Cooled
Nuclear Power Plants The standby power system redundancy is based on

the capability of any one of the Divisions 1,2 or 3

(f) RG 1.75 Physical Independence of load groups to provide tbc minimum safety functions
Electric Systeras necessary to manually shut down the unit from the

conaol room in case of an accident and maintain it
(g) RG 1.106. Thermal Overload Protection in the safe shutdown condition. Two of the four

for Electric Motors on Mo- instrument and control divisions are required to be
tor Operated Valves functional to accomplish an automatic sale

shutdown.
Safety functions which are required to go to
completion for safety have their thermal There is no sharing of standby power system
overload protection devices in force during components between load groups, and there is no
normal plant operation but the overloads sharing of diesel-generator power sources between
are bypassed under accident conditions per units, since the ABWR is a single plant design.
Regu4atory Postion 1.(b) of the guide.

Each standby power supply for each of the three
(h) RG 1.108- Periodic Testing of Diest,1 load groups is composed of a single generator driven

Generator Units Used as On- by a diesel engine having faststart characteristics and
site Electric Power Systems at sired in accordance witk Aegulatory Gui 'e 1.9. -

Nuclear Power Plants
Table 8.3-1 and 8.3-2 show the rating of each of the

(i) RG 1.118 Periodic Testing of Electric Divisions I,11 and 111 diesel generators, respectively,
power and Protection Svstems and the maximum coincidentalload for each.

(j) RG 1.153 Criteria for Power,Insuunen- (3) Branch Technical Positions (BTPs):
tation, and Control Portions of
Safety Systems (a) BTP ICSD 8 (PSB) - Use of Diesel-

Generator Sets for Peaki g

(k) RG 1.155 Station Blackout
(b) BTP ICSB 18 (PSB) - Application of the

Regarding Position C 1 of Regulatory Guide 1.75 Single Failure Criterion to Manually-
(see Section 8.3.1.1.1), the non safety related Controlled Electdcally-Operated Valves.
FMCRD motors and brakes are supplied power
from the Division 1 Class 1E safety-related bus (c) BTP ICSB 21 Guidance for Application
through a dedicated power center transformer. The of Regulatory Guide 1,47
Class 1E load breaker for the bus is tripped by fault
current for faults in the non-saicty load. There is (d) BTP PSB 1 Adequacy of Station Electric
also a zone selective interlock provided from the load Distribution System Voltages
breaker to the Class 1E bus supply breaker so that
the supply breaker is blocked from tripping while (e) BTP PSB 2 Criteria for Alarms and in-
fault current is fic%ing in the non-safety load feeder, dications Associated with Diesel Gene.
This meets the intent of the Regulatory Guide rator Unit Bypt.ssed and Inoperable
position in that the main supply breaker is prevented Status

from tripping on faults in the non safety-related >

loads. A second isolation device is provided by the The onsite ac power system is designed

a power center transformer, which is associated and consistent with these positions.

V meets IE requirements.
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(4) Other SRP Criteria: RIPS continue to operate to optimize the rate

gof recirculation flow reduction until the MG
(a) NUREG/CR 0660 Enhancement of sets have coastcd down to the ASD cut oft

Onsite Diesel Generator Reliability point, at which time the remaining RIPS are
tripped.

As indicated in Subsection 8.1.3.1.2.4, t h e
operating procedures and training of pe: mnel The only need to restart a RIP is in

,

are outside of the Nuclear Island scope cf preparation for restart of the plant, at which 4

supply. NUREG/CR 0660 is theafore im- time normal power must have been restored

( posed as an interface requirement for the to the non safety buses. The operator may
applicant.(See Subsection 8.1.4.2) then restart any of the RIPS, providing that

the temperature difference between the'
!

(b) NRC Policy 1ssue On Alternate Power for vessel dorne (as indicated by the dorce
Non safety Loads pressure indicator) and the bottom head is |

within allowable limits. A start inhibh
This policy issue states that *An interlock is provided to insure that the |
cvolutionary ALWR design should include temperature limits are satisfied before a RIP -

an alternate power source to the non safety is started.
loads unless the design can demonstrate
that the design margins 19 the evolutionary Any non safety loads which should be
ALWR will result in transients for a loss of restarted imrnediately are on the plant
non safety power event that are no more investment protection (PIP) buses. These
severe than those associated with the buses are picked up automatical|y by the
turbine-trip.only event in current existing combustion turbine. For the remaining
plant designs.* A subsequent clarification non safety buses there is no requirement to
stated that the transfer should be an immediately restore power and for simplicity
automatic slow bus transfer to pickv9 at considerations automatic transfd are not
least one of the non MG set driven RIPS'for provided. g
an ABWR.

83.1.2.2 Deleted
An automatic transfer has not been
provided for two reasons: 83.1.23 Quality Assurance Requirements

(1) The coast down provided by the MG A planned quality assurance program is provided
sets is equivalent to the coastdown in Chapter 17. This program includes a comprehen-
provided by the recirculation pump sive system to ensure that the puschased material,
inertia on the current plants, manufacture, fabrication, testing and quality control

of the equipment in the emergency lectric power
(2) The manner in which the ABWR system conforms to the evaluation of the r.mergency

functions on the loss of offsite power electric power system .quipment vendor quality
does not require a bus transfer. The assurance programs und preparation of pro-
four RIPS which are not supplied curement specifications incorporating quality
from the high inertia MG sets receive assurance requirements. The administrative
a trip command immediately on . responsibility and control provided are also des-
tripping of the unit. T'ds trip cribed in Chapter 17.
command originates trom
turbine / load rejection trip, low vessel These quality assurance requirements include an
water level (level 3) trip or high appropriate vendor quality assurance program and
vessel dome pressure trip. The organization, purchaser surveillance as required,
supply breakers to the high inertia vendor preparation and maintenance of appropriate
MG sets are also tripped to prevent test and inspection recordt, certificates and other
power being drawn from the quality assurance documentation, and vendor
flywheels by the ether large motors submittal of quality control records considered
on the buses. The remaining six necessary for purchaser retention to verify quality of h

completed work.
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A necessary conditi yn for receipt, installation and non. Class 1E circuits being in an enclosed
placing of equipment ":4rvice has been the signing raceway without the required physical8

and auditing of OA/Ot. verification data and the separation or barricts beween the enclosed
placing of this date in permanent onsite storage files. raceway and the Class 1E or associated cables

makes the circuits (related to the non-Class 1E .

I
83.1.2A Environinental Considerations cable in the enclosed raceway) associated

circuits.
In addition f o the effects of operation in normal

service environment, all Class 1E equipment is 83.1.3.1.1 Equipment Identincation
designed to operate riuring and after any design basis
event, in the accident environment expected in the Equipment (Panels, racks, junction or pull boxes)
area in which it is located. All Class 1E electric of each division of the Class 1E electric system and

equi c nt is qualified to IEEE 323 (see Section various CVCF power supply divisions are identified

3.11) as follon:

83.13 Physicalldentincation of Safety. (1) The background of the name plate for the
Related Equipment equipment of a division has the same color as

the cable jacket markers and the raceway
8.3.1.3.1 Power, Instrumentation and Contros markers tssociated with that division.
Systems

(2) Powt.r system distribution equipment (e.g.,
Electrical and control equipment, asvmblici,, motor control centers, switchgear, trans-

devices, and cables grouped into separate divisions formt s, distribution panels, batteries, chargers)
shall be identified so that their electrical divisional is tagged with an equipment number the same
assignment is apparent and so that an observer can as indicated on the single-line diagrams.
visually differentiate between Class IE equipment
and wiring of different divisions, and between Class (3) The nameplates are laminated black and white

O- 1eena e ci inesein~= i a wir Th- ei stic. r> 8ea te shew si <' ==8< vi 8 e -
'

identification method si sil be placed on color white background for non Class IE equipment.
coding. All markers within a division shall have the For Class 1E equipment, the name plates have
same color. For associated cables (if any) treated as color coded background with black engraving.
Class IE (see Note ) , there shall be an "A"
appended to the divisional designation (e.g.,"Al'). 83.13.1.2 Cabk identincation
The latter "A* stands for associated. *N* shall be used
for nondivisional cables. Associated cables are All cables for Class 1E systems and associated
uniquely identified by a longitudinal stripe or other circuits (except those routed in conduits) are tagged
color coded method and the data on the label. The every S ft prior to (or during) installation. All cables
coicr of the cable marker for associated cables shall are tegged at their terminations with a unique
be the same as the related Class 1E cable. Divisional identifying number (cable nuraber),in addition to
separation requirements c' individual pieces of the marking characteristics shown below,
hardware are shown in the system elementary
diagrams. Identification of raceways, cables, etc., Cables shall be marked in a manner of sufficient
shall be compatible with the identification of the durability to be legible throughout the life of the
Class IE equipment with which it interfcces. Loca- plant, and to facilitate initial verification that the
tion of identification shall be such that points of installation is in conformance with the separation
chany of circuit classification (at isolation devices, criteria.
etc.) are readily identifiable.

Such marking shall be colored to uniquely identify
Note 1 Associated circuits added beyond the the division (or non division) of the cable.

certified design must be specifically Generally, individual conductors exposed by
identified and justified per Subsection stripping the jacket are also color coded or color
83.4.13. Associated circuits are defined in tagged (at intervals not to exceed 1 foot) such that

n Section 5.5.1 of IEEE 381-1981, with the their division is still discernable. Exceptions are
() clarification for items (3) and (4) that pc.tnitted fo ndividual conductors within cabinets
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or panels where all wiring is unique to a single equiptnent for rafety related systems shall be
t division. Any non divisional cable within such identified by suffix letters. Sensing lines are g

cabinets shall be appropriately marked to distinguish discussed in $cction 7.7.1.1.

it from the dhisionalcables.
83.1.4 Independence of Redundant Systems

83.13.13 Raceway identifcation
83.1.4.1 Power Systema

,

All conduit is similarly tagged with a unique
conduit number,in addition to the marking cha. The Class 1E onsite electric power systems and
racteristics shown below, at 15 fc intervals, at major cotaporents of the separate power divisions is
discontinuities, at pull boxes, at points of entrance r>hown ou Figure 83-1.
and exit of rooms and at origin and destination of
equipment. Conduits containing cables operating at independence of the electric equipment and
above 600V (' e.,6.9kV) are also tagged to indicate raceway systems between the different divisions is
the operating voltage. *lhese markings are applied maintained primarily by firewall. type separatiori as
prior to the installation of the cables. decribed in Subsection 83.1.4.2. Any exceptions are

justified in Appendix 9A, Subsection 9A.5.5.5.
All Class 1E cabl6 raceways are marked with the

divisloa color, and with their proper raceway The physicalindependence of electt!c power
identification at 15 ft inte vals on; straight sections, at systems complies with the requirements of IEEE
turning points and at points of entry and exit from Standa:ds 308,379,384, General Design Criteria 17,
enclosed areas. Cable trays are marked prior to 18 and 21 and NRC Regulatory Guides 1.6 and 1.75.
installation of their cables.

83.1.4.1.1 Gass IE Electric Equipment
To help distinguish the neutron. monitoring and Arnngrenent

wam solenoid cabica from other type cables, the
,

i following unique voltage class designations and (1) Class 1E electric equipment and wiring is
markings are used: ser,regated into separate divisions so that no g

singh credible eveat is capable of disabling
Type of Unique enough equipment to hinder reactor shutdcwn
Special Cables Voltage Class and renaval of decay heat by either of two

unaffected divisional load groups or prevent
Neutron monitoring VN isolation of the containtient in the event of an

accident. Sepsration requirements are applied
Scram solenoid cables VS to control power and motive power for all

systems imolved.
Neutron. monitoring cables are run in thek own

2 h,ional conduits and cable trays, separately from (2) Equipment arraagement and/or protective bar.
< i" :her power, lastrumentation and control cables. riers are provided such that no locally ge-

v .m solenoid cables are run in a separate conduit nerated force or missile can destroy any re-
3

| t , each rod scram group. dundant RPS, NSSS, ECCS, or ESF functiont

j in addition, arrangement and/or separetion
The redundant Class 1E, equipment and circuits, barriers are provided to ensure that such

assigned to redundant Class 1E divisions and disturbances do not affect both IIPCF and
non Class 1r system equipment and circuits are RCIC systems,
readily distinguishable from each other without the
necessity for consulting reference materials. This is (3) Routing of wiring / cabling is arranged such as to
accomplished by color coding of equipment, climinate, insofar as practical, e'l potential foi
name plates, cables and raceways, as described fire damage to cables and to separate the
above. redundant divisions so that fire in one division

will not propagate to another division. Class 1E
83.13.1.4 Sensory Equipment Grouping and and non Class 1E cables are separated in
Designation letters accordance with IEEE 384 and R.G.1.75 (see

Figures 9A.4-1 through 9A4-16). h
| Redundant sensory logic / control and actuation
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(4) An independent raceway system is provided for (3) Sharing of cable trays- All divisions of Class IE
cach division of the Class 1E electric system. ac and de systems are provided with
The raceways are arranged, physically, top to independent raceway systems,
bottom, as follows (based on the function and
the voltage clas.s of the cables): (4) Cable fire protection and detection- For details

of cable fire protectica .ad detection, refer to
(a) V4 = Medium voltage power,6.9kV (8ky Subsections 833 and 9.5.1.

insulation class).
(5) Cable and raceway :nar kings- All cables (except

(b) V3 - Low voltage power including 480 lighting and nonvital ccmmunications) are
VAC,120 VAC,125 VDC power and tagged at theit terminations with a unique
allinstrumentation and control identifying number. lors used for identi-
power supply feeders (600V fication of cables and i ivays are covered in

insulation class). Subsection 83.13.

(c) V2 = liigh level signal and control, (6) Spacing of wiring and components in control
including 125 VDC and 120 VAC boards, panels and relay racks Separation is
controls which carry less than 20A of accomplished by mounting the redundant
current and 250 VDC or ac for relay devices or other components on physically
<.untactor control, separated control boards if, from a plant

operational point of view, this is feasible. When
(d) V1 - Low level signal and control, operational design dictates that redundant

includlag fiber optic cables and equipment be in close proximity, sepasation is
metallic cables with analog signals up achieved by a barrier or enclosure to retard
to 55 VDC and digital signal up to 12 internal fire or by a maintained air space in
VDC. accordance with criteria given in Subsection

83.1.4.2.

O rewer e sies (va) re rented in <>cxidie metaiiic
conduit under the raised floor of the control in this case, redundant circuits which serve the
room, snme safety.related function enter the control

panel through separated apertures and
83.1.4.1.2 Electric Cable installation terminate on separate and separated terminal

blocks. Where redundant circuits unavoidably
(1) Cable Derating and cable tray fill Base terminate on the same device, barriers are

ampacity ratin;; of cables is established as provided between the device terminations to
described in Subsection 833.1. Electric cables ensure circuit separation approved isolators
of a discrete Class 1E electric system division (generally optical) are used.
are installed in a cable tray system provided for
the same division. Cables are installed in trays (7) Electric perretration assembly Electric
in accordance with their voltage ratings and as penetration assemblies of different Class 1E
described in Subsection 83.1.4.1. Tray fillis as divisions are separated by three hour fire rated
established in Subsection 83.3.1. barriers, i.e., separate rooms and/or locations

on separate floor levels). Separation by distance
(2) Cable routing in potentially hostile (without barriers) is allowed only within the

areas -Circuits of different safety divisions are inerted containment. (See Section 203, RAIS,
noi touted through the same potentially hostile Response 43531). Separatien between divisior
area, with the exception of main steam line and non divisional penetrations ^ 'll be in
instrumentation and control circuits and main accordance with IEEE 384. Grouping of circuits

steam line isolation valves circuits which are in penetration assemblics follows the same
exposed to possible steam line break and turbine raceway voltage groupings as described in
missiles, respectively. Cable routing in the Subsection 83.1.4.1.
drywellis discussed in association with the

n equipment it serves in the 'Special Cases * Redundant overcurrent interrupting devices are

U Section 9A.S. provided for all electrical circuits (including all
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instrumentation and control devices, as well as Once the safety rclated equipment has been
power circuits) going through containment identified with a Class IE sately division, the &
penetrations, if the maximum available fault divisional assignment dictates a characteristic color W
current (including failure of upstream devices) is (Subsection 83.13) for positive visual identification.
greater than the continuous current rating of the Likewise, the divisionalidentification of all ancillary
penetration. This avoids penetration damage in equipment, cable and raceways match the divisional
the event of failure of any single overcurrent assignment of the sptem it supports.
desice to clear a fault within the penetration or
beyond it. (See Subsection 83.4.4 for COL 8.3.1.4.2 Independence of Redundant
license i .iormation. Safety Related Instrumentation and Control

Systems
83.1.4.13 Control of Compliance with
Separation Criterla During Design and This subsection defines independence criteria
Installation applied to safety related electilcal systems and

instrumentation and control equipment. Safety-
Compliance with the criteria vhich insures related systems to which the criteria apply are those

independence of redundant systems is a superwisory necessary to mitigate the effects of anticipated and
responsibility during both the design and installation abnormal operational transients or design basis'

phases. The responsibility is discharged by: accidents. This includes all those systems and
functions enumerated in Subsections 7.1.13,7.1.1.4,

(1) identifying applicable criteria; 7.1.1.5, and 7.1.1.6. The term ' systems * includes the
overall complex of actuated equipment, actuation

(2) issuing working procedure to implement these . evices (actuators), logic, instrument channels,'

criteria; controls, and interconnecting cables which are
required to perform system safety functions. The

(3) modifying procedures to keep them current and criteria outlines the separation requirements
, workable; necessary to achieve independence of safety-related
! functions compatible with the redundant and/or g
| (4) checking the rnanufacturer's drawings and diverse equipment provided and postulated events.

specifications to ensure ecmpliance with
procedures; and 83.1.4.2.1 General

(5) controlling installation and procurement to Separation of the equipment for the systems
assure compliance with approved and issued referred to in Subsections 7.1.13,7.1.1.4,7.1.1.5, and
drawings and specifications. 7.1.L6 is accomplished so that they are in compliance

with 10CFR50 Appeudix A, General Design Criteria
The equipment nomenclature used on the ABWR 3,17,21 and 22, and NRC P.egulatory Guides 1.75

standard design is one of the primary mechanisms (IEEE 384) and 1.53 (IEEE 379).
for ensuring proper separation. Each equipment
and/or assembly of equipment carries a single Independence of mutually redundant and/or di-
number, (e.g., the item numbers fr motor drivers verse Class 1E equipment, devices, and cables is
are the same as the machinery driven). Based on achieved by threc.hnur fire rated barriers and elec-
these identification numbers, each item can be trical isolation. This protection is provided to
identified as essential or nonessential, and each maintain the independence of nuclear safety-related
essential item can further be identified to its safety circuits and equipment so that the protective
separation division, This is carried through and function required during end following a design oasis
dictates appropriate treatment at the design level event including a single fire anywhere in the plant or
during preparation of the manufacturer's drawings. a single failure in any circuit or equipment can be

accomplished. The exceptional cases where it is not
! Non-Class 1E equipment is separated where de- possible to install such barriers have been analyzed

sired to enhance power generation reliability, and justified in Appendix 9A.S.
although such separation is not a safety consid-
eration.

O
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83.1.4.2.2 Separation Techniques instrument racks will not contain circuits or desices I
of the redundant protection system or ESF systems

The methods used to protect redundant safety except:

systems from results of single failures or events are
utilization of safety class structures, three hour fire- (1) Certain operator interface control panels may
rnted protedive barriers, and isolation devices. have operational considerations which dictate

that redundant protection system or ESF system
83.1.4.2.2.1 Safety Class Structure circuits or devices be located in a single panel.

These circuits and devices are separated
The basic design consideration of plant layout is horizontally and vertically by a minimum

such that redundant circuits and equipment are distance of 6 inches or by steel barriers or
kicated in separate safety class areas (i.e., separate enclosures,

fire zenes) insofar as possible. The separation of
Class 1E circuits and equipment is such that the (2) Class 1E circuits and devices will also be
required independence will not be compromised by separated from the non Class 1E circu% and
the failure of mechanical systems served by the Class from each other horizontally and vertically : " a
1E electrical system. For example, Class 1E circuits minimum distance of 6 inches or by steel
are routed or protected so that failure of related b"riers or enclosures.
mechanical equipment of one system cannot disabic
Class 1E circuits or equipment essential to the (3) Where electricalinterfaces between Class 1E
opeintion of a redundant system. This separation of and non Class 1E circuits or between Class 1E
Class 1E circuits ar.d equipments make effective use circuits of different divisions cannot be avoided,
of featurca inherent in the plant design such as using Class 1E isolation devices are used (Subsection
different rooms or floors. 83.1.4.2.2.4).

83.1.4.2.2.2 Three.Ilour Fire Rated Protecthe (4) If two pancis containing circuits of different
Barriers separation divisions are less than 3 feet apart,) there shall be a steel barrier between ths two

Three hour fire rated prntective barriers shall be panels. Panel ends closed by steel cnd plates
such tl.at no locally generated fire, or missile are considered to be acceptable barriers
resulting from a design basis event (DBE) or from provided that terminal boards and wireways are
random failure of Seism!c Category I equipment can spaced a minimum of 1 inch from the end plate,
disable a safety-related function. The exceptional
cases where it is not possible to install such barriers (5) Penetration of separation barriers within a
have been analzed and justified in Appeadix 9A.S. subdivided panel is permitted , provided that

such penetrations are sealed or otherwise
Separation in all safety equipment or cable areas treated so that fire generated by an electrical

shall equal or exceed the req.iirements of IEEE 384. fault could not reasonably propagate from one
section to the other and disable a prote,:tive

83.1.4.2.2J Main Control Room and Relay Room function.
Panels

83.1.4.2.2.4 Isolation Devices
The protection system and ESF control, logic, and

instrument panels / racks shall be located in a safety Where electricalinterfaces between Class 1E and
class structure in which there are no potential non Class 1E circuits or between Class 1E circuits of
sources of missiles or pipe breaks that could different divisions cannot be avoided, Class 1E
jeopardize redundant cabinets and raceways. isolation devices will be used. AC isolation (The

FMCRD drives on Division 1 is the only case.) is
Control, relay, and instrument panels / racks will be provided by ' erlocked circuit breaker coordi.

desi ned in accordance with the following general nation and an isu.ation transformer as described inb
criteria to preclude failure of non safety circuits from Subsection 83.1.1.1. l

causing failure of any safety circuit and to preclude

p. failure of one safety circuit from causing failure of Wiring from Class 1E equipment or circuits which

V any other redundant safety circuit. Single panels or intcrface with non-Class 1E equipmer.t circuits (i.e.,
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83.1.4.2.2.4 Isolation Devices ignals sent from one dhision to another such as
to maintain electrical isolation betwech &

Where electricalinterfaces between Class 1E divisions. W
and non Class 1E circuits or vetween Class IE
circuits of different divisions cannot be avoided, (3) Sensor wiring for several trip variables
Class 1E isolation devices will be used. AC isolation associated with the trip channels of one dhision

(the FMCRD drives on Division 1 is the only case) is may be run together in the same conduits et in
provided by imerlocked circuit breaker coordination the same raceways of that same and only
and an isolation transformer as described in division. Sensor wiring associated with one
Subsection 83.1.1.1. division will not be routed with, or in close

proximity to, any wiring or cabling associated
Wiring from Class 1E equipment or circuits with a redundant dhhioa.

which interface with non Class 1E equipment circuits
(i.e., annunciators or data loggers) is treated as Class (4) The scram utenoid circuits, from the actuation
IE and retain its divisional identification up to and devices to the solenoids of the scram pilot valves

including its isolation device. The output circuits of the CRD hydraulic control units, will be run
from this isolation device are classified as non- in grounded steel conduits, with no other wiring
dhisional and shall be physically separated from the contained wi;hin the conduits, so that each
dhhionalwiring. scram group is protected against a hot short to

any other wiring by a grounded enclosure. Short
83.1.4.23 System Separation Requirements sections (less than one meter) of fit.xible

metallic conduit will be permitted for making
Specific divisional assignment of safety related connections within panels and the connections

systems and equipment is given in Table 8.31, to the solenoids.
Other separation requirements pertaining to the
RPS and other ESF systems are given in the (5) Separate grounded steel conduits will be
following subsections. provided for the scram solenoid wiring for each

of four scram groups. Separate grounded steel g
83.1.4.23.1 Reactor Protection (Trip) System conduits will also be provided for both the A
(RPS) solenoid wiring circuits and for the B solenoid

wiring circuits of the same scram group.
The following separation requirements apply to the

RPS wiring: (6) Scram group conduits will have unique ident-
ification and will be separat'ely routed as

(1) RPS sensors, sensor input circuit wiring, trip Division 11 and lit conduits for the A and B
channels and trip logic equipment will be solenoids of the scram pilot valves, respectively.
arranged in four functionally independent and This corresponds to the divisional assignment of
dhhionally separate groups designated Dhisions their power sources. The coc luits containing
1,11,11 and IV. The trip channel wiring the scram solenoid group wiring of any one
associated with the sensor input signals for each scram group will also be physically separated by
of the four dhisions prmides inputs to dhhional a minimum separation distance of 1 inch from
logic cabinets which are in the same divisional the conduit of any other scram group, and from
group as the sensors and trip channels and metal enclosed raceways which contain either
which are functionally independent and dhisional or non safety related (non dhisional)
phpically separated from the logic cabinets of circuits. The scram group conduits may not be

routed within the conf' es of any other tray orthe redundant dhbions. m
raceway system. The RPS conduits containing

(2) Where trip channel data originating from the scram group wiring for the A and B
sensors of one division are required for solenoids of the scram pilot valves (associated
coincident trip logic circuits in other divisions, with Dhisions 11 and III, respectively), shall be
Class 1E irolat;on devices (i.e., fiber optic separated from non enclosed raceways
medium) will be used as interface elements for associated with any of the four electrical

dhisions or non-divisional cables in accordance
with IEEE 384 and Regulatory Guide 1.75. h
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(7) Any s: ram group conduit may be routed advantage of the mechanical protection afforded
alongside of any cable or raceway containing by the valve operator or other available
either safety related circuits (of any division), or structural barricts not susceptible to disabling
any cable or raceway containing non safety- damage from the pipe line break. Additional
related circuits, as long as the conduit itself is mechanical protection (barriers) shall be
not within the boundary of any raceway which interposed as necessary between wiring and
contains either the divisional or the non- potential sources of disabling mechanical
safety-related circuits and is physicaUy separated damage consequential to a break downstream of
from said cables and raceway boundaries as the outboard valve.

,

Istated in (6) above. Any one scram group
conduit may also be routed along with scram (4) The several systems comprising the ECCS have
group conduits of the same scram group or with their various sensors, logics, actuating devices
conduits of any of the three other scram groups and power supplies assigned to divisions in
as long as the minimum separation distance el accordance with Table 8.31 so that no single

one inch (2.5 cm) is maintainM failure can disable a redundant ECCS function.
,

|
This is accomplished by limiting consequences j

(8) The standby liquid control system redundant of a single failure to equipment listed in any one '

Class 1E controls will be run as Division I and dhision of Table 8.3-1. The wiring to the ADS
Division 11 so that no failure of standby liquid solenoid valves within the drywell shall run in
control (SLC) function will result from a single rigid conduit. ADS conduit for solenoid A shay I
electrical failure in a RPS circuit. be divisionally separated from solenoid 11

conduit. Short pieces (less than 2 feet) of
(9) The startup range monitoring (SRNM) flexible conduit may be used in the vicinity of ,

'

subs). tem cabling of the NMS cabling under the the vahc solenoids.
vessel is treated as divisional. The SRNM
cables will be assigned to Division 1, II,111 and (5) Elcetrical equipment and raceways for systems
IV. Under the vessel, cables will be enclosed listed in Table 8.3-1 shall not be located in close

O a r r i a s aerin a i ^ rre ai 9 ^ .s.5.5. cre i-iir ie rri- rr i - rivi 8 < i -
leakage zone), or be designed for short term

it.3.1.4.2.3.2 Other Safety Related Systems crposure to the high temperature leak.

(1) Separation of redundant systems or r ,rtic,s of (6) Class 1E electrical equipment located in the
a system shall be such that no single failure can suppression pool level swell zone is limited to
prevent initiation and completion of an suppression pool temperature monitors, which
engineered safeguard function. have their terminations scaled such that

operation would not be impaired by sub-
(2) Ths inboard and outboard isolation valves are mersion due to pool swell or 1,0CA, Consistent

redundant to each other so they arn made with their Class 1E status, these devices are also
independent of and protected from each other qualified to the requirements of IEEE 323 for
to the extent that no single failure can prevent the emironment in which they are located.
the operation of at least one of an inboard /
outboard pair. (7) Containment penetrations are so arranged that

no design basis event can disable cabling in
(3) Isolation valve circuits ;equire special attention more than one division. Penetrations do not

because of their function in limiting the contain cables of c. ore than one divisional
consequences of a ripe break outside the assignment,
primary containment. Isolation valve control
and power circuits are required to be protected (8) Annunciator and computer inputs from Class IE
from the pipe lines that they are responsible for

.

equipment or circuits are treated as Class 1E
isolating. and retain their divisional identification up to a

Class 1E isolation desice. The output circuit
Essentialisolation vahe wiring in the vicinity of from this isolation device is classified as

q the outboard valve (or downstream of the valve) nondivisional.

| V shall be installed in ( nduits and routed to take
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Annunciator and computer inputs frorn non. 6.9-kV and 480V switchgear, control relays, meters
Class 1B equipment or circuits do not sequire and indicators, multiplexers, vital ac power supplies, g
isolation devices. as well as de components used in the reactor core

isolation cooling system.
8.3.2 DC Power Systems

The four dhisions that are essential to the safe
83.2.1 Description shutdown of the reactor are supplied from four

independent 125 VDC buses.
83.2.1.1 General Systems

83.2.lJ Station llatteries and Itattery
A DC power system is provided for switchgear Chargers, General Considerations

control, control power, instrumentation, critical
motors and emergency lighting in control rooms, The four ESF load groups are supplied from the
switchgear rooms and fuel handling areas. Four four Clau 1E 125 VDC systems (See Figure 83 7),
independent Class 1E 125VDC divisions, three Each of the Class 1E 125 VDC systems has a 125
independent non safety-related 125VDC load groups VDC battery, a battery charger and a distribution
and one non-safety related 250VDC computer and panel. One standby battery charger can be
motor power supply are provided. See Figures 83 7 connected to either of two divisions and another |

for the single lines. standby battery charger can be connected to either cf
two other divisions. Kirk key interlocks prevent

Each battery is separately housed in a ventilated cross connection between divisions. The main de
room apart from its charger and distribution panels. distribution buses include distribution panels,
Each battery feeds a de distribution switchgear panel drawout type breakers and molded case circuit
which in turn feeds local distribuiion panels and de breakers,

motor control centers. An emergency eye wa.h is
supplied in each battery room. The Class IE 125 VDC systems supply de power to

Divisions I, II, III and IV, respectively, and are
All batteries are sired so that required loads will designed as Class 1E equipment in accordance with g

not exceed warranted capacity at end-of. installed life IEEE Std 308. They are designed so that no single
with 100% design demand, failure in any 125 VDC system will result in

conditions that prevent safe shutdown of the plant
All chargers are sized to supply the continuous with eiths.r of the two remaining ac power divisions.

load de r.and to their bus while restoring batteries to The plant design and circuit layout from these de.

a fully charged state. systems provide physical separation of the
equipment, cabling and instrumentation essential to

83.2.1.1.1 Class IE 125 VDC System plant safety.

The 125 VDC system provides a reliable control Euch dhision of the system is kicated in an area
and switching power source for the Class 1E systems. separated physically from other divisions. All the

components of Class 1E 125 VDC systems are
Each 125 VDC battery is provided with a charger, housed in Seismic Category I structures,
and a standby charger shared by two divisions, each
of which is capable of recharging its battery from a 83.2.13.1 125 VDC Systems Configuration
discharged state to a fully charged state while
handling the normal, steady state de load. Figure 83 7 shows the overall125 VDC system

provided for Class E Divisions I,11, III and IV.
Batteries are sired for the de load in accordance One divisional battery charger is used to supply each

with IEEE Standard 485. dhisional de distribution pnel bus and its associated
battery. The divisional battery charger is normally

83.2.1.2 Class IE DC lamds fed from its dhidonal 480V MCC bus.

The 125 VDC Class 1E power is required for Each Class 1E 125 VDC battery is provided with
emergency lighting, diesel generator field flashing, a charger, and a standby charger shared by two
control and switching functions such as the control of dhisions, each of which is capable of recharging its h
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battery from a discharged state to a fully charged operation is with bus lie breakers open and inter.
state while handling the normal, steady state de load. locks prevent paralleling battcries. Each load
Cross connection between two divisions through a group's battery and charger may be removed from
standby charger is prevented by at least two service as a unit for maintenance or testing. A
in;crlocked breakers in series in each potential t attery can be recharged by its charger prior to being

cross connect path, placed back into service.

The maximum equalizing charge voltage for Class One backup charger is provided and is
1E batteries is 140 VDC. The de system minimum connectable to any of the three buses, one bus at a

discharge voltage at the end of the discharge period time, under control of Kirk key interlocks to:

is 1.75 VDC per cell (105 volts for the battery). The
operating voltage range of Class 1E de loads is 100 to (a) Perform extended maintenance on the normal
140V. charger for the load group.

As a general requirement, the battt. ries have (b) To make a live trander of a bus to supply power j

sufficient stored energy to operate connected from the bus of another load group without j

essential loads continuously for at least two hours paralleling the two batteries. j

without recharging. The Division i battery, which
controls the RCIC system,is sufficient for eight The chargers are load limiting battery replacement
hours of coping during station blackout. During this type chargers capable of operation without a battery
event scenario, the load reductions on Divisions ll, connected to the bus. The backup charger may be
111, and IV also extend the times these batteries are supplied from the ac supply of any one of the three
available (See Appendix Subsection 19E.2.1.2.2). load groups, it may be used to charge any one
Each distribution circuit is capable of transmitting battery at a given time. For example the load group
sufficient energy to start and operate all required B battery may be charged from load group A or B or
loads in that circuit. C ac power via the backup charger.

A load capacity analysis has been performed, Each bus is connectable to either of the other
based on IEEE 4851978, for estimated Class 1E de two buses via Kirk key interlocked tie breakers. The
battery loads as of September,1989. Kirk key interlock system allows parallellag of

chargers. Since the chargers are self load limiting,
An initial composite test of onsite ac and de power parallel operation is acceptable. The Kirk key

systems is called for as a prerequisite to initial fuct interlock system prevents parallel operation of
loading. This test will verify that each battery batteries. This is to prevent the possitility of
capacity is sufficient to satisfy a sakty load demand paralleling batteries which have different terminal
profile under the conditions of a LOCA and loss of voltages and experiencing a large circulating current
preferred power. as a result.

Thereafter, periodic capacity tests may be con. The battery output breaker has an overcurrent tdp
ducted in accordance with IEEE Std 450. These and interrupts fault current flow from the battery to
tests will cusure that the battery has the capacity to a bus fault. A combination disconnect switch and
continue to meet saf:ty !oad demands. fuse is an acceptable alternate for the battery output

breaker. The charger output breaker and the bus
See Subsection 8.3.4.6 for COL li:ense input breaker do not have overcurrent trips as the

informations, charger is load limiting and therefore protects itself.
They are used as disconnect switches only. Bus load

83.2.1J.2 Non Class 10125V DC Power Sepply breakers have overcurrent trips coordinated with the
battery output breaker. Tripping current for the load

A non-class 1E 125VDC power supply, Figure treakers is supplied by the battery.

83-7,is provided for non safety-related switchgear,
valves, convcrters, transducers, controls and 83.2.133 Non-Class IE 250V DC Power Supply

instrumentation. The system has three load groups

q with one battery, charger and bus per load group. A non class 1E 250VDC power supply, Figure
! O Therc are bus tie breakers between buses. Normal 83 7,is provided for the computers and the turbine
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turning gear motor. The power supply ccasists of (2) The differential relays in one division and all t'te
one 250VDC battery and two chargers. The normal interkicks associated with these relays are from g
charger is fed by 480VAC from either the load one 125 VDC system only, thereby climinating
Group A or load Group C turbine building load cen. any cross connections between the redundant de
ters. Selection of the desired ac supply is by a systems.

mechanically interlocked transfer switch. The
standby charger is fed from a load Group A control 8J.2.2.2 Regulatory Requirrmrnts ;

!building motor control center. Selection of the
normal or the standby charger is controlled by key The following analyses demonstrate compliance of
interlocked breakers. A 250VDC central distri- the Class 1E Divisions I, II,111 and IV de power
bution board is provided for connection of the loads, systems to NRC General Design Criteria, NRC
all of which are non class 1E. Regulatory Guides and other criteria consistent with

.

the standard review plan. The analyses establish the |
'

83.2.1J.4 Ventilation ability of the system to sustain credible single failures
and retain their capacity to function.

Battery rooms are ventilated to remove the minor
amounts of gas produced Juring the charging of The following list of criteria is addressed in
batteries. accordance with Table 8.1 1 which is based on Table

81 of the Standard Review Plan (SRP). In general,
8J.2.13.5 Station tilackout the ABWR is designed in accordance with all

criteria. Any exceptions or clarifications are so
Station blackout performance is discussed in noted.

Subsection 19E.2.1.2.2.
(1) General Design Criteria (GDC):

83.2.2 Analysis
(a) Criteria: GDCs 2,4,17, and 18.

83.2.2.1 General DC Power Systems

(b) Conformance: The DC power system is g
The 480 VAC power supplies for the divisiona' in compliance with these GDCs . 'ihe

battery chargers are from the individual class 1E GDCs are generically addressed in
MCC to which the particular 125 VDC system Subsection 3.1.2.
belongs (Figure 83 7). In this way, separation
between the independent systems is maintained and (2) Regulatory Guides (RGs):
the ac power provided to the chargers can be from
either preferred or standby ac power sources. The (a) RG 1.6 - Independence Between
de system is so arranged that the probability of an Redundant Standby (Gnsite)
internal system failure resuhing in loss of that de Power Sources and Between
power system is extremely low, importsnt system Their Distribution Systems
components are either self. alarming on failure or
capable of ciecting faults or be!ng tested during (b) RG 132 Criteria for Safety Related
service to detect faults. Each battery r,et is located in Electric Power Systems for
its own ventilated battery room. All abnormal Nuclear Power Plar ts
conditions of important system parameters such as
charger failure or low bus voltage are annunciated in (c) RG 1,47 - Bypassed and inoperable Sta-
the main control room and/or locally. tus Indication for Nuclear

Power Plant Safety Systems
AC and de switchgear power circuit breakers in

each division receive control power from the (d) RG 1.63 Electric Penetration Assem.
batteries in the respective icgd groulps ensuring the blies in Containment Struc-
following- tures for Ligh; Water Cooled

Nuclear Power Plants
(1) The unlikely loss of one 125 VDC system does

not jeopardize the Class IE feed supply to the (c) RG 1.75. Physical Independence of-
Class 1E buses. Electric Systems h

Amendment 21 8122
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The de safety related standby lighting Portions of Safety Systems
system circuits up to the lighting fixtures are
Class 1E and are routed in seismic (L) RG 1.155. Station Blackout
Category I raceways, flowever, the lighting
fixtures themselves are not seismically The Class 1E de power system is designed in
qualified, but are seismically supported. accordance with the listed Regulatory Guides.
The cables and circuits from the power it is designed with sufficient capacity,inde-

,_

source to the lighting fixtures are Class 1E. pendence and redundancy to assure that the
The bulbs cannot be seismically qualified, required powet support for core cooling,
This is an exception to the requirement that containment integrity and other vital functions is
all Class 1E equipment be seismically maintained in the event of a postulated accident,
qualified. The bulbs can only fail open and assuming a single failure.
therefore do not represent a hazard to the.

Class 1E power sources. The batteries consist of industrial type storage
cells, designed for the type of service in which

Associated circuits added beyond the they are used. Ample capacity is available to*

certified design must be specifically serve the loads connected to the system for the
identified and justified per Subsection duration of the time that alternating current is
8.3.4.13. A$rociated circuits are defined in not available to the battery charger. Each
Section 5.5.1 of IEEE 3841981, with the division of Class 1E equipment is provided with

clarification for items (3) and (4) that a separate and independent 125 VDC system.
non Class 1E circuits being in an enclosed
raceway without the required physical The DC power system is designed to permit
separatice or barriers between the enclosed inspection and testing of allimportant areas and
raceway x 1 the Class 1E or associated features, especially those which have a standby
cables makes ne circuits (related to the function and whose operation is not normally
non Class 1E cable in the enclosed demonstrated.

O t cew >> sseci 'sa circetts.
(i) RG 1.153 Criteria For Power, Instru.

(f) RG 1.106 Thermal Overload Protection mentation, and Control Por-
Ior Electric Motors on tions of Safety Systems
Motor Operated Valves

(j) RG 1.155 Station Blackout
Safety functions which are required to go to
completion for safety have their thermal Credit is not taken for the CTG as an
overload protection devices in force during alternate AC source (AAC) so Section
normal plant operation but the overloads 3.3.5 of RG 1.155 is not required to be
are bypassed under accident conditions per net. (The CTG does meet the'
Regulatory Postion 1.(b) of the guide, requirements of Section 3.3.5, however.)

See Section 19E.2.1.2.2 for a discussion of
(g) RG 1.118 Periodic Testing of Electric compliance with RG 1.155.

Power and Protection Systems

(3) Branch Technical Positions (BTPs):
1 (h) RG 1.128 Installation Designs and in.

stallation of Large Lead Stor. BTP ICSB 21 Guidance for Application of
age Batteries for Nuclear Regulatory Guide l.47.,

Power Plants
The de power system is designed consistent with

(i) RG la29 'iaintenaucc, Testing, aM this criteria.
Replacement of Large Lc6
Storage Batteries for Nucleu,- 1) Other SRP Criteria:
Power Plants

3 According to Table 8-1 of the SRP, there are no
] (j) RG 1.153 Cdteria for Power, Instru- other criteria applicab!c to de power systems,s

mentation, and Control

Amendment 21 8.3-23
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833 Fire Protection of Cable Systen:5 833.2 Localization of Fires

The basic concept of fire protection for the cable in the esent of a fire, the installation design will
system in the ABWR design is that it is incorporated localize the physical effects of the fire by preventing
into the design and installation rather than added its spread to adjacent areas or to adjacent racewap
onto the systems. fly use of fire resistant and of different dhisions. Localization of the effect of
nonpropagating cables, conservative application in fires on the electric system is accomplished by
regard to ampacity ratings and raceway fill, and by separation of redundant cable systems and
separation, fire protection is built into the syttem, equipment as describt.d in Subsection 8.3.1.4.
Fire suppression systems (e.g.; automatic sprinkler Floors and walls are effectively used to provide
systems) are provided as listed in Tab c 9.5.1 1. vertical and horirontal fire rcsistive separationt

between redundant cable divisions.
833.1 Resistance of Cables to Combottlon

in any given fire area an attempt is made to
The electrical cable insulation is designed to resist insure that there is equipment from only one

the onset of combustion by limiting cable ampacity to safety-related dhision. This design objective is not
levels which prevent overheating and insulation always met due to other over riding design
failures (and resultant possibility of fine) and by requirements. IEEE Std 384 and Regulatory Guide
choice of insulation and jacket materials which have 1.75 are always complied with, however. In addition
flame resistive and self-extinguishing characteristics. an analysis is made and documented in Section
Polyvinyl chloride or neoprene cable insulation is not 9A.S.5 to accertain that the requirement of being
used in the ABWR. All cable trays are fabricated able to safely shut the plant down with complete
from noncombustible material. Base ampacity rating burnout of the fire area without recovery of the
of the cables was established as published in equipment is met. The fire detection, fire
IPCEA 46-426/IEEE S-135 and IPCEA 54-440/ suppression and fire containment systems provided
NEMA WC 51. Each coaxial cable, each single should assure that a fire of this magnitude does not
conductor cable and each conductor in multi- occur, however.
conductor cable is specified to pass the vertical flame g
test in accordance with UL-44. Maximum separation of equipment is provided

through location of redundant equipment in
in addition, each power, control and instru- separate fire areas. The safety-related dhisional ac

mentation cable is specified to pass the vertical tray unit substations, motor control centern, and de
llame test in accordance with IEEE 383. distribution panels are located to provide sepa-

ration and ciectrical isolatioe between the divisions.
Power and control cables are specified to con- Clear access to and from the main switchgear rooms

tinue to operatt at a conductor temperature not is also provided. Cable chases are ventilated and
exceeding 90 C and to withstand an emergency smoke removal capability is provided. Local
overload temperature of up to 130 C in accordance instrument panels and racks are separated by safety
with IPCEA S-66 524/ NEMA WC 7 Appendix D. dhision and located to facilitate required separation
Each power cable has stranded conductor and of cabling.
flame resistive and radiation-resistant covering.

'Conductors are specified to continue to operate at 8333 Fire Detection and Protection Systems
1(M relative humidity with a service life expectancy
of 60 years. Also, Class IE cables are designed and All areas of the plant are covered by a fire '

qualified to survive the LOCA ambient condition at detection and alarm system. Double manual hose
the end of the 6&yr life span. The cable installation coverage is provided throughout the buildings.
(i.e., redundant divisions separated by fire barriers) * inkler systems are provided as listed on Table
is such that direct impingement of fire suppressant 1. The dit el generator rooms and day tank
will not prevent safe reactor shutdown, even if failure rooms are protected by foam sprinkler systems.
of the cable occurs. Cables are specified to be The foam sprinkler systems are dry pipe systems
submersible, however (See the fourth reqmrement/ with pre-action valves which are actuated by com-
compliance in Subsection 9.5.10). pensated rate of heat rise and ultraviolet flame

detectors. Indhidual sprinkler heads are opened by

htheir thermallinks.

Amendment 21 83-21t
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'
( 8.3,4 COL License Inforir.ation (1)Show that maximum available fault current,

(including failure of upstream devices) is less
j
t 83.4.1 Interrupting Capacity of Electrical than the maximum continuous current capacity

*

Distribution Equipment (based on no damage to the penetration) of the
conductor within the penetration; or ,

|. The interrupting capacity of the switchgear and
L circuit interrupting devices rnust be shown to be (2) Show that redundant circuit protection devices |

| compatible with the magnitude of the available fault are provided, and are adequately designed and
"

current based on final selection of the transformer set to interrupt current, in spite of single failure,
impedence, etc. (See Subsection 83.1.1.5.2(4)). at a value below the maximum continuous

current capacity (based on no damage to thei

83.4.2 Diesel Generator Design Details penetration) of the conductor within the'

penetration. Such devices must be located in
Subsection 83.1.1.8.2 (4) requires the diesel separate pancis or be separated by barriers and

generators be capable of reaching full speed and must be independent such that failure of one
voltage within 20 seconds after the signal to start, will not adversly affect the other. Furthermore,
Demonstrate the reliability of the diesel generator they must i ot be dependent on the same power
start up circuitry designed to accomplish this, supply.

|
*

83.43 Certified Proof Tests on 83.43 (deleted)
Cable Samples

83.4.6 DC Yoltage Analysis
Subsection 8.3.1.2.4 requires certified proof tests

.

on cables to demonstrate 60 year life, and resis- Provide a de voltage analysis showing battery
! tance to radiation, flame and the environment. terminal voltage and worst case de load terminal
I Demonstrate the testing methodology to assure such voltage at each step of the Class IE battery loading

| attributes are acceptable for the 60-year life. profile. (See Subsection 83.2.1)

| O
83.4.4 Electrical Penetration Assemblics Provide the manufactuer's ampere hour rating of

the batterica at the two hour rate and at the eight
Subsection 8.3.1,4.1.2. (7) specifies design hout rate, and provide the one minute ampere

| requirements for electrical penetration assemblics. rating of the batte.ies (see Subsection 83.2.13.2).
,

Provide fault current clearing time curves of the
electrical penetrations' primary and secondary 83.4.7 (deleted
current interruptipg devices plotted against the
thermal capability (I t) curve of the penetration (to 83.4.8 (deleted)
maintain mechanicalintegrity). Provide an analysis
showing proper coordination of these curves. Also, 83.4.9 Offsite Power Supply Arrangement
provide a simplified one line diagram showing the
location of the protective devices in the penetration . Operating procedures shall require one of the
circuit, and indicate the maximum available fault - three divisional buses of Figure 83-1 be fed by the -I

| current of the circuit. - alternate power source during normal operation; in
I order to prevent simultaneous deenergization of all
' Provide specific identification and location of divisional buses on the loss of only one of the offsite
| power supplies used to provide external control _ power supplies. (See Subsection 8.23.1(4))

'

; power for tripping primary and backup electrical- .

penetration breakers (if utilized)J
_

L 83.4.10 Diesel Generator Qualification
l' Tests

Provide an analysis demonstrating the thermal
,

capability of all electrical conductors within The schedule for qualification testing of the diesel'

penetrations is perserved and protected by one of the - generators, and the subsequent results of those
following: tests, must be provided. The tests shall be in

.O
Amenoment 2t R.3-232

'l
|

'
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accordance with IEER 387 and Regulatory Guide COL applicants should provide instructions in
1.9. (See Susbsection 1 ! .1.8.9) their plant Emergency Operating Procedures for g

operator actions during a postulated station
83.4.11 (deleted) blackout event. Specifically, if Division 1

instrumentation is functioning properly, the
83.4.12 hlinimum Starting Voltages for redundant Divisions 11, Ill, and IV should be shut
Class IE hiotoni down in order to 1) reduce heat dissipation in the

control room while llVAC is lost, and 2) conserve
Provide the minimum required starting voltages for battery energy for additional SRV capacity, or other

Class 18 motors. Compare these minimum seguirrd specific functions, as needed, throughout the event.
voltages to the voltages that will be supplied at the
motor terminals during the starting tran61ent when 83.4.17 Common Industrial Standards
operating on offsite power and when operating on Referenced in Purchase Specincations
the diesel generators.

In addition to the regulatory codes and standards
8.3.4.13 Identifleation and Justificalion of required for licensing, purchase specifications shall
Assorlated Circuits contain a list of common industrail standards, as

appropriate, for the assurance of quality
I'rior to the implementation stage of the design, manufacturing of both safety and non safety related

the only ' associated circuits" (as defined by IEEE equipment. Such standards would include ANSI,
384) known to exist in the ABWR Standard Plant ASTM, lEEE, NEMA, UL, etc.
design are for the FMCRD drive power feed taken
from the division 16.9Kv safety related bus (sec 8.3.5 References
Subsection 83.1.1.1). In the implementation design,
provide 1) assurance that thh. ls still a true statement, in addition io those codes and standards
or 2) specifically identifiy and justify any other such required by the SRP the following codes and
circuits in the ABWR SSAR; and show they meet the standards will be used and have been referenced in
requirements of Regulatory Guide 1.75, position C.4. the text of this chapter of the SSAR.

8.3.4.14 Administruthe Controls for Bus IEEE Std 323 0ualifying C|asa 1E
Grounding Circuit Breakers Equipment for Nuclear

Power Generating Stations
Figure 83-1 shows bus grounding circuit brerkers,

which are intended to provide safety grounds during IEEE Std 334 Standard for Type Test of
maintenance operations. Administrative controls Continuous Duty Class 1E
shall be provided to keep these circuit breakers Motors for Nuclear Power
racked out (i.e.,in the disconnect position) whenever G:nerating Stations
corresponding buses are energized. Purthermore,
annunciation shall be provided to alarm in the IEEE Std 379 Standard Applications of
control room whenever the breakers are racked in the Single-Failure Criterion
for service. to NucIe r Powe r

Generating Statiors
83.4.15 Testing of Thermal Overload Bypass
Contacts for MOVs IEEE Std 382 Standard for Qualification

of Safety Related Valve
Thermal overlaod protection for Class IE MOVs is Actuators

bypassed only during LOCA events. A means for
testing the bypass function shall be implemented, in IEEE Std 383 Standard for Type Test of
accordance with the requirements of Regulatory Class 1E Electrical Cables,
Guide 1.106. FieId S plices, a n d |

Connecting for Nuclear
83.4.16 Emeritency Operating Procedures for Power Generating Stations
Station Blackout

O'
Amendment 21 83 23.3
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IEEE Std 387 Standard Criteria for Diesel. Unde writer's L%:atories Standard No. 845g Generator Units Applied as
Standby Power Supplies for Low Vo!tage Circuit Breakers
Nuclear Power Generatirg
Stations ANSI C37.13 Low Voltage Power Circuit

Breakers
aEE' e d 450 Recommended Practice for

Large Lead Storage ANSI C37.16 Preferred Ratings and Related
i Batteries for Generating Requirements for Low Voltage

{;
5 d Sta'.!ons and Substations AC Power Circuit Breakers and
#

AC Power Servic: hotectors .

IEEE Std 4&5 Recoumended Practice for
Sizing Large Lead Storage ANSI C37.17 t rip D e vic e s for A C a n d

,

1 Batteries for Generating Genera'-Purpose DC 2.cw.
Stations and Substations Voltage wer Circuit Breakers

t - ?.9 Guide for Harmonic Control ANSIC37.50 Test Pre eedures ior Lo v
and Reactive Compensation Voltag- AC Power Circuit9 t

f f of Static Power Converters Breakers Used m Endosures "

S-66-402 Thermoplastic Insulated Molded Case Circuit Breakers
Wire & Cable for the S

Transmission and Tbstri. UL 489 Branch Circuit and Servir.c
,

bution of Electrical Energy Circuit Bieakers
:

> IPCEA-54-440/ Ampacities Cables in Open- NEMA AB-1 MoIded Case Circuit
NEMA WC-51 top Cable Trays Breakers

O
IPCEA S-66-524/ Cross-Linked-Thermoset- 7.2Kv metalclad Switchgear
NEMA WC-7 ting Polyethlene Insulated q

' Wire and Cable for the ANSI C37.01 Application Guide for Power '

Transmission and Distri- Circuit Breakers
bittion of Electrical Energy

.
' ANSI C37.04 AC Power Circuit Breaker

SECY 7-013 ali 1. Nor, Jr., Design Re- Rating Structure
qusicruents Related To The
Evolutionary Advanced light ANSI C37.06 Preferred Ratings of Po ver
L & Reactors (ALIVRS), Circuit Breakers
Policy Issue, SECY-89-013,
t h Commissioners, Uni- ANSI C37.09 Test Procedu e for Power
ted State Nuclear Regula- Circuit Breakers
tory Commission, January
19,1989. ANSI C37A Power Circuit Breaker Control

Requirements
A partial listing of other common industry

l standards which may be used as applicable is given ANSI C37.20 Switchgear Assemblies and
; belo A . ^ihere are ma~, more standards referenced Metal-Enclosed Bus
; in the standards which are listed below-

ANSI C37.100 Definitions for Daw .'
Motor Control Centers Switchgear

NEMA ICS-2 Standards for Industrial
Control Devices, Con-e trollers and Assemblics

Amendment 21 8.3-23A
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! Transformers

ANSI C57.12 General Requirements for
Distribution, Power, and
Regulating Transformers

ANSI C57.12.11 Guide for Installation of
Oil-immersed Transformers
(10MVA and Larger,69-287
kV rating)

ANSI C57.12.80 Terminology for Power and
Distribution Transformers

ANSI C57.12.90 Test Code for Distribution,
Power, and Regulating
Transformers

@

O
Amendment 21 8.3 23.5



. _ . . _ - . . _ . . . _ _ _ . . . _ _ . . . _ . . ._ .. . _ _ _ - _ _ - - . . __ . _ _ _ . . _._

!ABM '2346iooro
'

Standard Plant REV. H c

) --
_

TABLE 8.31
-:

-

D/G LOAD TABLE LOCA + LOPP

GENERATOR O(ITPUT (k%)
SYS, LOAD RATING NOTE * '

NO. DESCRIPTION (k%) A B C

MOTOR ope VALVES 231x3 X X X- (2).-

C12 FMCRD 210x1- X X X (4)-
(@ 0.25pf) (840 KVA)

C41 SLC PUMP 45x2 45 ' 45 -- :

i
'

E11 RHR PUMP 540x3 540 540 540

Fill Pump * 3.7x3

1400 1400E12 HPCF PUMP - 1400x2- --

G31 -

G41: FPC PUMP 75x2 78.9 78.9 -

P13
.

|

P21 RCW PUMP 320x4 640 640 --

O 26oa -- - s2o-

P25 HECW PUMP 22x5 ' 44 = :41 44-
HECW REFRIGERATOR - 135x5 135- 270- 270-

70x6 $40--- -540 540'P41- RSW PUMP ** 2

R23 P/C TRANSF, LOSS 40x6- ' 84.2 84.2 84.2

R42 DC 125V CHGRf r,I - 70r.1 . 70.0' - -
-

div. II,III,IV - 34x3- 34 34 34 :- '(11)
125V DC stby charger 70 34-- - -

* Pe Table &3-3for Notes.

** Part v] Turi > bid laund - ,

LO: i

|

Amendment 211 8.3-24
,
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TABLE 8.31
.

,

D/G LOAD TABLE LOCA + LOPP (Continued)

GENERATOR OUTPUT (kW)
SYS. LOAD RATING NOTE *

NO. DESCRIITION (kW) A- H C

R46 VITAL CVCF .-- --

(Div.1,2,3) - 20x3 20 20 20

(Div. 4) 20 20 -

R47 TRANSF. C/R INST 20x6 40 40 40

-f

R52 LIGHTING 100x3 100 ~100 100

-T22 SGTS FAN - 18.5x2 : 18.5 - 18.5 -

SGTS HEATER 10x6 30 30 -

,

T49 FCS HEATER 108x2 108. 108-

FCS BLOWER 11x2 - 11.0 11.0

149 149 (13)U41 MCR HVAC FANS A B 74.5X4 --

28 ; 28 (13).MCR RECIRC FANS A.B 14X4- ..

C/B ELEC EQUIP AREA
'

.

HVAC FANS A C 14X6 28 28 28 (13)
R/B DG/ELEC EOUIP AREA

. HVAC FANS A-C 84X6 168 168- 168 (13)-
R/B DG ROOM EMERGENCY

SUPPLY FANS A-C 46.5X6 93 93 .-- 93 (13)
R/B EQUIP AREA ROOM

- COOLERS A-C 89 107- - 84 (13)

OTHER LOADS 62.5 62.5 60.5-

TOTAL CONNECTED LOADS 3368.9 4884.9- 4564.4

TOTAL STANDBY LOADS AND 933.0* 633.0* 633.5*
SHORT TIME LOADS

TOTAL OPERATING LOADS 2435.9 4251.9 3930.9

See Table &3-3for Notes -
*

| O
|

Amendment 21 - 8 S 25
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TABLE 8.3 2
'

-

D/G LOAD TABLE LOPP (W/O LOCA)

DIESEL ENGINE OUTPUT (kW)
'

SYS. LOAD RATING NOTE *-

NO. DESCRIITION (kW) A. H C

k

,

(Since there are no LOPP only loads on the diesel generators the LOCA load table envelopes the LOPP
loading. See Table 83-1)

O

t-

9

* See Table 83-3for Notes
" Part of Turbine Island

.

Amendment 21 - 8.3-26
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TABLE 8.3 2

D/G LOAD TABLE LOPP (W/O LOCA) (Continued)

DIESEL ENGINE OUTPUT (kW)
SYS, LOAD RATING NOTE *

NO. DESCRII" TION (kW) A B C
,

:

.

i

i

Ddeted

O

See Table 534for Notes*

.

O
8,3-27

Amendment 21
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TABLE 8.3 3
,73
O NOTES FOR TABLES 8.31 AND 8.3 2

shows that the load is not connected to the switchgear of this division.(1) --:
X: shows that the load is not counted for D/G continuous output calculation by the

reasons shown on other notes.

(2) " Motor operated valves * are operated only 30-60 seconds. Therefore they are not
counted for the DG continuous output calculation.

(3) Deleted

(4) FMCRD operating time (about 2 minutes) is not counted for the DG continuous output
calculation.

(5) Deleted

(6) Deleted

(7) Deleted

(8) Deleted

(9) Deleted

) (10) Daleted

(11) Div. IV battery charger is fed from Div,I motor control center.

(12) Load description acrory.cs sre interpeted as follows:

C/B - Control Building HX - Heat Exchanger
COMP - Computer IA - Instrument Air
CRD - Control Rod Drive MCR - Main Control Room

Make Up Water System (condensed)CUW - Clean Up Water MUWC -

CVCF - Constant Voltage Constant Frequency NPSS - Nuclear Protection Safety System
Reactor BuildingDG - Diesel Generator R/B -

Reactor Cooling Water (building)FCS - Flammability ControlSystem RCW -

FPC - Fuel Pool Cooling RHR - RedduaiHeat Removel
FMCRD - Fine Mation Cotrol Rod Drive RSW - Reactor Sea Water
HECW - Emergency Cooling Water SBGT - Standby Gas Treatment
HPCF - High Pressure Core Flooder .SLC - Standby Liquid Control

(13) Redundant units, one unit of a division and one unit is in standby in case the
operating unit shuts down. Total connected load is shown on the table.

1,_/

Amendment 21 8.3-28
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Table 83-4
(p) '

] D/G LOAD SEQUENCE DIAGRAM iiig.

a MAJOR LOADS . E,

( (Response to Questions 435.14 & 435.15) E
Id. '

e- .W'
.

Bl.DCK t BIDCK 2 B1DCK 3 BtDCK4 BtDCK5- BwCK 6 SwCK 7 BtDCK3 StDCK9 {,

Banck
'

'

7tsw (m sBC) (w sfr) (35 str) (a seC) (45 SEC) (SB SEC) ($3 $8C) (60 SEC' AFUR e5 $BC %
Auto Maman!

Mode . . Dev.

MOV DO H% AC RCW Pump RCW Pump RSW Pump R5W Peep SOTS Charpere SIf Puey RHRPg

(DPP .| . last.Tr HECW Pump R/B Emwr. HVAC CVCFs ' HBCW 8teths CUW Pump
h

tagtumg C/B Emer. fWAC FPC Peep

fMCRD

MOV DOINAC RCWPump .. RCW Pump RSVPump R$W Pump SGTS Charpere $LC Pump RNR Pump

IDPP . II Inst Tr HECW Pung MCRIWAC P/B Emer. HVAC CVCFs HFCW Refhs CtJW Pump

Lighrms C/B Fmer. HVAC FPC Pump

>

MOV DO HVAC - RCWPump - RCW Pump R$W Pany RSX Puenp Chargers HECW RitR Pump

IDPP tal test Tr Hf!CW Pump MCR HVAC R/B Ener. HVAC CVC7s Reths

IJghrms C/B Emer. HVAC

MOV RHR Pump . RCW Pmp . RCW Peep RSW Panp RSW Pump SOTS Chargere $14 Pung FCS

IDCA Inst Tr DO IfVAC HBCW Pung R/B Enwr.IfVAC . CVCFe HECW refrig . FPC Pump

A I Lighetng C/B Faer.HVAC
i

LOPP .FMCRD"

MOV' RilR Pung - IE.W Pomp . RCWPump RSW Pusep - RSW Pump $0TS Chargers stf Pwnp . su'

LOCA tuCFPump DO HVAC HECW Pump MCR IfVAC R/B Emwr. HVAC CVCFe HECW Rethg . ITC Pump

'A- II tast.Tr C/B FJoer. HVAC

LOPP Lighsms

MOV' RMR PuqP RCW Pump - RCW Pump R$W Penny RSW Pump W $1BCW Refhg

S(DCA HPCFPump DO IWA( HECW Pump MCR HVAC . R/B Ener. HVAC CVCFe

& III inst Tr . C/B Enwr.HVAC U Q
torP - t.igname

Nme* FMCRDs are the only Non Chas IE kinds ce the DO buers

. O .e e.
. . _ -_
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TABLE 8.3 5 l

_lY DIESEL GENERATOR ALARMS *L
;

[ Annunciation DOS DTS DTr GDT GCB GTT LBP

Engine Overspeed Trip
.

X X X X
Generator Differential Relay Trip X X X X
Generator Ground Overcurrent X X X
Generator Voltage Restraint Overcurrent X X X
Generator Bus Underfrequency X X X'

Generator Revene Power X X X X'

; Generator less of Field X X X X
'

XGenerator Bus Differential RelayTrip
. X X XHigh-High Jacket Water Temperature X

,

D/G Bearing High Temperature X X X X
Low-Low Lube Oil Temperature X X X X-,

D/G Bearings High Vibration X X X X
; High-High Lube Oil Temperature X -X X X
'

law-law Lube Oil Pressure X X X X
High Crankcase Pressure X. X X- X
low-Low Jacket Water Pressure X X X X

- Low Level Jacket Water X.
Low Pressure - Jacket Water X

| Low Temperature - Jacket Water In X
High Temperature -- Jacket Water Out' X
low Level-- Lube Oil Mark X

!O tew re-ect r - t de oi> >n x
| High Temperature -- Lube Oil Out X-

High Diff. Pressure -- Lube Oil Filter X
L Low Pressure - Turbo Oil Right/Left Bank - X
i Low Pressure - Lube Oil X-

Control Circuit Fuse Failure X'

Diesel Generator Overvoltage X
Low Pressure -- Strating Air X

| In Maintenance Mode X X
'

D/G Unit Fails to Start X
- D/G Phase Overcurrent - X

i Out of Service X X
i- Lockout Relay Operated ' X X X

',
Low-High Level-- Fuel Day Tank X
Low Level-- Fuel Storage Tank X

L Low Pressure -- Fuel Oil ' X
!~ High Diff. Pressure -- Fuel Filter -X

In local control Only X |

|
i - )

i

I-

;

|
|

|

LO
| s

j- Amendment 21 8.3-29.1
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TABLE 8.3 5

DIESEL GENERATOR AIARMS* (Continued)

Igend:

Diesel OverSpeedDOS =

DieselTrip or InoperativeDTS =

DieselTroubic or in TestD TI' =

Generator DifferentialTripGDT =

Generator Circuit Breaker TripGCB =

Generator Trouble or in TestG'IT =

LOCA Bypass (i.e., trip bypassed during LOCA)'
LBP =

(Not an annunciator window)

* This list may vary depending on unique characteristics of specific diesel generator selected.

O

(

O
Amendment 21 8 S 29.2
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8A MISCELLANEOUS ELECTRICAL - as necessary to meet the target ground resistance

Q SYSTEMS value.

8A.1 Station Grounding and Surge The lightning protection system covers all trajor
Protection plant structures and is designed to prevent direct

lightning strikes to the buildings, electric power
8A.1.1 - Description - equipment and instruments it consists of air

tctminals, bare downcomers and buried grounding
The electrical grounding system is comprised of: electrodes which are separate from the normal

grounding system. ' Lightning arresters are provided
(1) an hstrument grounding network, for each phase of all tie lines connecting the plant

electrical systems to the switchyard and offsite line.
(2) an equipment grounding networt. for grounding Plant instrumentation located outdoors or

electrical equipment (e.g. switchgear, motors, connected to cabling running outdoors is provided
distribution panels, cables, etc.) and selected with surge st ppression devices to protect the
mechanical components (e.g. fuel tanks, equipment from lightning induced surges,
chemical tanks, etc.),

8A.1.2 Analysis
(3) a plant grounding grid, and

There are no SRP or regulatory requirements for
(4) a lightning protection network for protection of the grounding and lightning protection rystem it is

structures, transformers and equipment located - designed and required to be installed to the
outside buildings. applicable sections of the following codes and

standards.
The plant instrumentation is grounded through

a separate insulated radial rounding system (1) IEEE Std 80, Guide for Safety in AC Substation-

comprised of buses and insulated caoles. There is a Grounding f
t

single point connection to the station grounding grid.
(2)IEEE Std 81, Guide for Measuring Earth

The equipment g,ounding network is such that Resistivity, Ground Impedance, and Earth
all major equipment, structures and tanks are Surface Potentials of a Ground System
grounded with two diagonally opposite ground
connections. The ground bus of all switchgear (3)IEEE Std 665, Guide for Generation Station
assemblics, motor ccetrol centers and control Grounding

- cabinets are connected to the station tround grid
.

through at least two parallel paths One oare copper (4) NFPA 7G, Nat.ional Fue Protection Association's
cable is installed with each underground electrical Lightning Protection Code-
duct run, ar.d all metallic hardware in each rr anhole -
is connceted to the cable. This code is utilized as recommended practices

only. It does not apply to electrical generating
A plant grounding grid consisting of bare copper plants. t

cables is provided to limit step and touch potentials ,

to safe values under all fault conditions. TV buried 8A.1.3 COL Ilcense Infor nation
grid is located at the switchyard and connected to
syster.as within the buildings by a 500 MCM bare it is the responsibility of the COL applicant to
copper loop which encircles all buildings (See Figure perform ground resistance measurements to
8A.1-1). determine that the re.,oired value of 0.05 ohms os

less has been met and to make additions to the
The target value of ground resistance is 0.05 system if necessary to meet the target resistances

ohms or less for the reactor, turbine, control, service ' -*

and radwaste buildings. If the target grounding 8A.1.4 References
resistance is not achieved by tha ground grid,

. auxiliary ground grids, shallow buried ground rods or _ (1) IEEE Std 80, Guide for Safety in AC Substation

-J deep buried ground rods will be used in combination Grounding

Amendment 21 ' 8A.1-1
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(2) IEEE Std 81, Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth g

WSurface Potentials of a Ground System

(3) IEEE Std 665, Guide for Generation Station
Grounding

(4) NFPA 78, National Fire Protection
Association's Ilghtning Protection Cod::

j O
|

9
Amendment 21 8A.I.2
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BURIED 500MCM COPPER LOOPg ,: g tsg r _

I'' $"Mk to I

1; . _______J
|

- I NO. FACILITY g

i I Er
1 REACTOR CONTAINMENT ::s

! ! *
2 REACTOR BUILDING

I
-

| 3 CONTROL BUILDING

| g | 4 MAIN STEAM.FEEDWATER TUNNEL

| |
5 TURBINE BUILDING
6 SERVICE BUILDING

! !5 7 RADWASTE BUILOING

| | 8 HOUSE BOILER

| | 9 CONDENSATE STORAGE TANK
10 MAIN TRANSFORMER

g |
11 NORMAL SWITCHGEAR

{--------! ! 12 DIESELOr STORAGE TANK (3)
11 13 STACKI |--- --|

! 9 I
!

4 EOUIPMENT ENTRY LOCK

| L~l ~ 15 FIRE PROTECTON WATER
7 | | STORAGE TANK (2)| | a 4 a s | 1s Fire PROTECTON PuueHouSE

i ,
I

L______I l .
. ' I

I L____a
@g l m I

| | g,, (in I

1 ; | | NOTES;
is | ,

|I
| STRUCTURES AND BUILDINGS TO BE GROU'JDED,g

1 TO THE YARD LOOP PER THE FOLLOWING SPECI-

h L _ _O g 1o CATIONS:
|

'----] p , 12 A. ELECTRICAL GROUNDING REQUIREMENTS
SPECIFICATONS

|
14

|

fp [__| B. LIGHTING PROTECTON SPECIFICATON

5 <2
l'::t O

FIGURE 8A.1-1 SITE PLAN (GROUNDING)

.
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k- - - 8A.2 Cathodic Protectiort (.~) Piepackaged zine type reference electrodes shall '
be permanently installed near poorly accessible -4

j$ .
8A.2.1 Description protected surfaces to provide a means of-4

,
' - monitoring protection level le measuring _

A cathodic protection system is provided. hs _ potentials,
design is plant unique as it must be tailored to the

_ _ _ ._ .

.

L site conditions. The COL license applicant must (6) Test stations above grade shall be instal *.ed
provide a design meeting the requirements listed in throughout the station adjacent to the areas

[- Subsection 8A.23. being protected for termination of test leads from
protected structures and permanent reference

j 8A.2.2 Analysis electrodes. -
,

There are no SRP or regulatory requirements U.2.4 References

i nor any national standards for cat _hodic protection
j. sptems. The system is designed to the requirements' (1) Utility Requirements;locument, Advar.ced

,

i listed in Subsection 8A.23.' Light Water Reactor, Volume II, ALWR
Evolutionary Plant, Electric Power Institute -8-

8A.23 COL Ucense Information

The COL appilcaut is required to meet the*

following minimum requirements for the design of-;

J the cathodic protection systems. These requirements
are the same as those called for in Chapter 11,

.

* action 9.4 of the Utility Requirements Document
F issued by thc Electric Power P.esearch Institute.

.

! (1) iThe need for cathodic protection on the entire
site, portions of the site, or not at all shall be

4 ,

' determined by analyses. The analyses shall be4

| based on soil resist;vity readings, water
'

chemistry data, and historical data from the site
gathered from before commencement of site

i_ preparation to the completion of construction
| and startup.

!. (2) Where large prot-ctive currents are regt 'a. '

sheilow interconnected impressed cu..ent
system consisting of packaged high silicon alloy,.

|: anodes and transformer rectifiers, shall
normally be used. The rectifiers shall be -

a .approximately 50 percent oversized in
anticipation of system growth and possible --

higher current consumption.
I
!~ -(3)- The protected structures of the impressed

current cathodic protection system shall be
,

connected to the station grounding grid.'

(4) Localized sacrificial anode cathodic protection<

systems shall be used where required to-

; supplement the impressed current cathodie-
protection system and protect surfaces which are

!. - not connected to the station grounding grid or
'1 are located in outlying areas.

~

..

'

|

,

Amendment 21 8A.2-1
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8A.3 Electric Heat Tracing

8A3.1 Description

The electric heat tracing system provides freeze
protection where required for outdoor service
components and fluid warming of process fluids if
required, either in or out doors. If the operation of
the heat tracing is required for proper operation of a
safety related system, the heat tracing for the
safety-related system is required to be safety related,
also. Power for heat tracing is supplied from buses
backed by the onsite standby generator 4. Nan,

safety-related heat tracing has access to the
comba. tion turbine generator through tne same load
group as the components protecteu. Safety-related
Leat tracing is assigned to the appropriate division
for a source of safety related power.

8A3.2 Analysis

There are no SRP or regulatory requirements
for cathodic protection systems. They are required
to be designed and installed to the applicable
sections of the following codes and standards.

(1) IEEE Std 622, Recommended Practice for the() D sign and Installation of Electric Heat Tracing
Systems in Nuclear Power Generating Stations

(2) IEEE Std 622A, Recommended Practice for the
Design and Instaliation of Electric Pipe Heating
Control and Alarm Systems in Nuclear Power
Generating Stations

8AJJ COL License Information

No COL applicant information is requicd.

8AJA References

The following codes and standards have been
referenced in this section of the SSAR.

(1) IEEE Std 622, Recommended Practice for the
Design and Insta!!ation of Electric Heat Tracing
Systems in Nuc'. ear Power Generating Stations

(2) IEEE Std 622A, Recommended Prcctice for the
|

Design and Installation of Electric Pipe Heating
l

Control and Alarm Systems in Nuclear Power j
Generating Stations

!

O
\
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9.1.2 Spent Fuel Storage assemblies, bundles or othr equipment.
f3

9.1.2.1 Design Ilases The spent fuel poolis a reinforced concrete
structure with a stainless steel liner. The bottoms of

9.12.1.1 Nuclear Design all pool gates are sufficiently high to maintain the
water level over the spent fuel storage racks form

(1) A full array in the loaded spent fuel rack is adequate shiciding and cooling. All pool fill and drain
designed to be suberitical, by at least 5% Ak. lines enter the pool above the safe shielding water
Neutron-absorbing material, as an integr al part level. Redundant anti-siphon vacuum breakers are
of the design,is employed to assure that the located at the high point of the pool circulation lines
calculated k including biases and to preclude a pipe break from siphoning the water

| uncertainties, w'M,not exceed 0.95 under all from the pool and jeopardizing the safe water level.
normal and abnormal conditions.

The racks include individual solid tube storage
(a) Monte Carlo techniques are employed in compartments, which provide lateral restraints over

the calculations performed to assure that the entire length of the fuel assembly or bundle. The
k does not exceed 0.95 under all normal weight of the fuel assembly or bundle is supported
afd7 abnormal conditions. axially by the rack fuel support. Lead in guides at the

top of the storage spaces provide guidance of the fuel
(b) The assumption is made that the storage during insertion.

array is infimte in all directions. Since no
credit is taken for neutron leakage, the The racks are fabricated from materials used for
values reported as effective neutron construction are specified in accordance with the
multiplication factors are, in reality, latest issue of applicable ASTM specifications. The
infinite neutron multiplication factors. racks are constructed in accordance with a quality

assurance program that ensures the design,
(c) The biases between the calculated results construction and testing requiremer.ts are met.g

Q and experimental results, as well as the
uncertainty involved in the calculations, are The racks are designed to withstand, while
taken into account as part of the maintaining the nuclear safety design basis, the
calculational procedure to assure that the impact force generated by the vertical free-fall drop
specific k limit is met. of a fuel assembly from a height of 6 feet. The rack isg

designed to withstand a pullup force of 4000 pounds
9.1.2.1.2 Storage Design and a horizontal force of 1000 pounds. There are no

readily definable horizontal forces in excess of 1000
,

The fuel storap racks provided in the spent fuel pounds, and in the event a fuel assembly should jam,
storage pool provide storage for 270% of one full the maximum lifting force of the fuelbandling
core fuelload. platform grapple (assumes limit switches fall) is 3000

pounds.
The fuel storage pool liner seismic

classification is provided in Table 3.21. The fuel storage racks are designed to handle
irradiated fuel assemblies. The expected radiation

9.1.2.1.3 Mechar.ical and Structural Design levels are well below the design levels.

The spent fuel storage racks in the reactor building In accordance with Regulatory Guide 1.29, the fuel
contain storage space for fuel assemblies (with storage racks are designated Safety Class 2. and
channels) or bundles (without channels). They are Seismic CategoryI. The structuraiintegrity of the
designed to withotand all credible static and seismic rack has been demonstrated for the load
loadings. The racks are designed to protect the fuel combinations described below using linear clastic
assemblics and bundles from excessive physical design methods,
damage which may cause the release of radioactive
materials in excess of 10CFR20 and 10CFR100 Th: applied loads to the rack are:

q requirements, under normal and abnormal
V cu'aditions caused by impseting from either fuel (1) dead loads, which are weight of rack and fuel

assemblies, and hydrostatic loads;

Amendment 21 9.1-2
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(2) live loads effect of lifting an empty rack The loads in the three orthogonal directions were |
duringinstallation; cor.sidered to be acting simultaneously and were g '

combined using the SRSS method suggested in w i

(3) thermalloads the unifcrm thermal expansion Regulatory Guide 1.92. The loads due to the OBE
due to pool temperature changes; event are approximately 90% of those due to an SSE

event, and allowable stress levels for OBE are 50% of
(4) seismic forces of OBE and SSE; SSE, therefore making the OBE event the limiting

load condition except for stability, where SSE
(5) accidental drop of fuel assembly frora acceptance criteria of 67% of critical buckling

maximum possible height 6 feet above rack; strength is limiting,
and

Under fuel drop loading conditions, the acceptance

criterion is that, although deformation may occur, |
(6) postulated stuck fuel assembly causing an

th*aY,must remain <0.95. The rack is designed such
Kupward force of 3000 pounds.

should the drop of a fuel assembly damage the
The load combinations considered in the rack tubes and dislodge a plate of poison material, the Kg

design are: would still bc <0.95 as required.

(1) live loads The effect of the gap between the fuel and the
storage tube has been taken into account on a local

(2) dead loads plus OBE cffect basis. Dynamic response analysis shows that
the fuel contacts the tube over a large portion of its

(3) dead loads plus SSE; and length, thus preventing an overloaded condition of
both fuel and tube.

(4) dead loads plus fuel drop.
The vertical impact load of the fuel onto its seat has

Thermal loads were not included in the above been considered conservatively as being slowly
combinations because they were negligNe due to the applied without any benefit for strain rate effects. g
design of the rack (i.e., the rack is attached only at its
base and is free ta expand / contract under pool 9.1.2.1.4 Dermal Hydraulic Design
temperature changes).

The fuel storage rack is designed to provide
The loads experienced under a stuck fuel assembly sufficient natural convection coolant flow to remove

condition are less than those calculated for the 68,000 Btu /br/ bundle of decay heat,
scismic conditions and, therefore, have not been
included as a load combination. The support structure must be designed to provide

an adequate flow rate to ptevent water reaching
The storage racks are attached to she support excessive temperatures 212 F. The flow rate is

structure by bolting, sufficient to counteract the dependent on the decay heat load, the AP losses
tendency to overturn from honzontal loads and to lift through the tructu" 3 nd the losses through the rack
from vertical loads. The analysis of the rack and bundle.
assumed an adequate supporting structure, and loads
were generated accordingly, in the spent fuel storage pool, the bundle decay heat

is removed by recirculation flow to the fuel pool
Stress analyses were performed by classical cooling heat exchanger to maintaia the pool tempera-

methods based upon shears and moments developed ture. Although the design pool exit temperature
by the dynamic method. Using the given loads, load within the rack is high depending on the naturally
conditions and analytical methods, stresses were induced bundle flow which carries away the decay
calculated at critical sections of the sack and heat generated by the spent fuel. The rate of
compared to acceptance criteria referenced in naturally circulated flow and maximum rack exit
ASME Section III subsection NF. Compressive temperature have been evaluated.
stability was calculated according to the AISI code
for light gage structures. The parameters which will affect the water flow

O
Arnendment 21 9.12a
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yoke are attached to the head and secured and the

. _.

(9) Replace vessel studs, closure nuts are disengaged. The cask is next raised
and transferred into the cask pit.

(10) Install reactor vessel head.
The cask is moved to a position over the center of

(11) Instah vessel head piping and insulation. the cask pit and slowly lowered into the cask pit until
it rests on the cask pit floor.

(12) Hydro test vesselif required.
The cask lifting yoke is lowered until disengaged

(13) Install drywell head; leak check. from the cask trunnions and the closure head lifted
off the cask. The closure head and yoke are moved

(14) Install shield plugs, into the cask washdown pit for storage. The canal
gates between the cask pit and the spent fuel pool are--|

| (15) Stow gates. removed and spent fuel transfer from the storage
racks to the cask is started.

(16) Startuo tests the reactor is returned to full
power operation. Power is increased gradually Spent fuelis transferred underwater from storage in
in a series of steps unit the reactor is operating - the spent fuel pool to the cask using th telescoping-
at rated power. At specific steps during the ap- fuel grapple mounted on the refueling platform.
proach to power, the incore flux monitors are When the cask is filled with spent fuel, the L.e be-
calibrated. tween the cask pit rind the spent fuel poolis replaced. |-.

_

The closure head is replaced on the cask and the !!'t-
9.1.4.2.103 Departure of Fuel From Site - yoke engaged with the cask trunnions. The loaded

cask is raised, transferred to the cask washdown pit,
The empty cask arrives at the plant on the special ' and slowly lowered to the pit floor.

flatbed railcar or truck. The perronnel shipping bar-

O rier and transfer impact structure are remo/ed from The cask is checked by health physics personnel and
the large casks and stored outside the rail entry door, decontamination is performed in the cask washdown
Health physics personnel check the cask exterior to pit with high pressure water sprays, chemicals and
determine if decontamination is necessary. Decon- hand scrubbing as required to clean the cask to the
tamination, if required, and washdown to remove level required for transport. Cooling connections are
road dirt,is performed before removal of the cask available in the cask washdown pit in the event cool-
from the transport vehicle. The R/B equipment ing is required during decontamination activities. .The
entry airlock doar is opened and the cask with its remaining closure nuts are replaced and tightened.
transport device moved into the building. The rail Smear tests are performed to verify cleaning to offsite
car or truck is blocked in poeion. - transportatwn requirements. -

The airlock door is closed and the cask is inspected - The cleaned cask'is lowered from the refueling floor
for shipping damage. to the reactor building entry lock onto cask skids with

the reactor building crane and mounted on the trans-
The cask cooling system of the transport vehicle is - port vehicle. The cask cooling system of the trancport

disconnected. The cask yoke is removed from its - vehicle is connected to the cask and the cask internal-
storage position on the flatbed and attached to the - pressure and temperature are monitored. When they

- cask trunnions. The yoke engagement, car brakes = are at equilibrium conditions, the cask is ready for
and wheel blocks and clearances for cask tilt and lift ' shipment. The personnel barrier and impact struc-
are checked. The cask is tilted to the vertical posi- ture are replaced. The reactor building airlock facility -
tion with combined main hoist lift and trolley move- doors are opened and the cask and transport device -

: ment.' With the cask in a vertical position, the cask is are moved out of the reactor building;
'

lifted approximately 5 ft off the transport device skid
mounting trunnions to clear the upper coolant duct,' 9.1.43 Safety Evaluation of Fuel Handling
The cask is moved up to the refueling floor and then System
into the cask washdown pit and slowly lowered to the

O rieer erts rit. ciesere se aiitti s sies eeis-
-

' Amendment 16 ' 9.1 4.10 |
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Safety aspects (evaluation) of the fuel servicing the grapple is disengaged, the position of the upper
egrpment are discussed in Subsection 9.1.4.2.3 and part of the fuel bundle can be observed using g
safety aspects of the refueling equipment are dis- telension.
cussed throughout Subsection 9.1.4.2.7. -In addition,
a following summary safety evaluation of the in addition to the main hoist on the trolley, there
fuel-handling system is provided below, are two auxiliary hoist on the trolley. These three

hoists are precluded from operating simultaneously
The fuel prep machine removes and installs chan- ~ because control power is available to only one of

nels with all parts remaining underwater. Mechani- them at a time. The two auxiliary hoists have load
cal stops prevent the carriage from lifting the fuel cells with interlocks which prevent the hoists form
bundle or assembly to height where water shielding moving anything as heavy as a fuel bundle.
is not sufficient. Irradiated channels, as well as small ,

parts such as bolts and springs, are stored underwa- The two auxiliary hoists have electrical interlocks
ter. The spaces in the channel storage rack have which prevent the lifting of their loads higher th*.n a
center posts which prevent the loadh.g of fuel bun- specified limit. Adjustab!c mechanicaljam stops on
dies into this rack, the cables back up these interlocks.

There are no nuclear safety problems associated +

with the handling of new fuel bundles, singly or in
pairs. Equipment and procedures prevent an accu-
mulation of more than two bundles in any location.

The refueling platform is designed to prevent it
form toppling into the pools during a SSE. Redun- ,

da-t safety interlocks, as well as limit switches, are The cask is moved by the reactor building
prodded to prevent accidentally running the grapple- crane to the cask pit and gated off and the cask pit
into the pool walls. The grapple utilized for fuel filled with water. Only then is the spent fuel pool
movement is on the end of a telescoping mast. At full connected to the cask pit and the fuel transfer begun.
retraction of the mast, the grapple is sufficiently When the cask is loaded, the spent fuel pool is gated
below water surface, so there is no chance of raising closed and the cask removal procedure reversed. A
a fuel assembly to the point where it is inadequately cask decontamination pit area is provided.
shielded by water. The grapple is hoisted by redun-
dant cables inside the mast, and is lowered by grav- -1.ight loads such as the blade guide, fuel support
ity. A digital readout is displayed to the operator, - casting, control rod or control rod guide tube weigh ;

showing him the exact coordinates of the grapple - considerably less than a fuel bundle and are adminis- !

| over the core, tratively controlled to eliminate the movement of any ;
- light load over the spent fuel pool above the clevation '

_

The mast is suspended and gimbated from the trol- required for fuel assembly handling. Thus, the kinetic i

ley, near its top, so that the mast can be swung about . energy of any light load would be less than a fuel !

the axis of platform travel,in order to remove the bundle and would have less damage induced. Sec- :
grapple from the water for servicing and for storage, ondly, to satisfy NUREG 0554, the equipment han. - !

dling components over the spent fuel pool are i

The grapple has two independent hooks, each op- . designed to meet the single failure proof criteria.
erated by an air cylinder. Engagement is indicated to '

the operator. ' Interlocks prevent grapple disengage- The spent fuel storage racks are purchased ;
m nt until a " slack cable * signal from the lifting equipment. The pur: base specification for thesc

'

.,

cables indicates that the fuel assembly is seated. The racks will regnire the vendor to provide the j |
slack cable indication is also used to determine if a information requested in Question 430.192 pertaining !*

fuel bundle is lodged in a position other than its to load drop analysis.- See Subsection 9.1.4.3 for |
normal, seated position in the core. interface requirements. '

f,
of the grapple is continuously indicated. Aha, after

In addition to the slack cable signal, the elevation ' In summary, the fuel-handling system complies with f
General Design Criteria 2,3,4,5,61, and 63, and ap.
plicable portions of10CFR50. h.!

Anwndment 21 9.1-6.11 ~i
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9.1.5 Overbead Heavy Load Handling 9.1.5.2 System Description

,,) Systems (OHLH)|
9.1.5.2.1 Reactor Building Crane

9.1.5.1 Design Bases
The reactor building (RB) is a reinforced

The equinment covered by this subsection concrete structure which encloses the reinforced
handle items ct.nside.ed as huvy loads that are cancrete containment wssel, the refueling floor, new

handled under conditions that mandate critical fuel storage vault, the s crage pools for spent-fuel and

handling compliance. the dryer and separator and other equipment. The
reactor building crane provides heavy load lifting

Critical load handling conditior.s include loads, capability for the refueling floor. The main hook (150
equipment, and operations, which R inadvertent ton capacity) will be used to lift the concrete shield
aperations or equirment malfunctior.. either blocks, drywell head, reactor pressure vessel (RPV)
separately or in combination, could cause; M a head insulation, RPV head, dryer, separator strong
release of radioactivity,(2) a criticaF"accider.s (3) back, RPV heaJ strongback carousel, new fuel
the inability to cool fuel within reactor vesse.1 or shipping containers, and spent fuel shipping cask,
spent fuel pool or (4) prevent safe shutdown of the The orderly piscement and movement paths of these
reactor. Tnis includes risk assessments to spent fuel components by the reactor buisding crane precludes
and storage peol water levels, cooling of fuel pool transport of these 1.cavv loads over the spent fuel
oter, new fuel criticality. This includes all storage pool or over the new fuel storage vault,
components and equipment used in moving any load
weighing more than one fuel assemMy including the The RB c:ane will be used during

weight of its assc,ciated handliag devices (i.e., one refueling / servicing as well as when the plant is online,

ton). During refueling / servicing, the crane handles the
shield plugs, drywell and reactor vessel heads, steam

The reactor building crane e.s designed shall dryer and separators, etc. (see Table 9.1-7).
provide a safe and effecHve means for transporting Minimum crane coverage inuude RB refueling floor,m,

(j heavy loads including the handling of new and spent laydown areas, and RB equipment storage pit.
' fuel, plant equipment and service tools. Sai s During norma) plant operation the crane will be used

handling includes design considerations for to bandle new fuel shipping containers and the spent
naintaining occupational radistion exposure as low fuel shipping casks. Minimum crane coverage must
as practicable during transportation and handling. include the new fuel vault, the RB equipment hatches,

and the spent fuel cask loading and washdown pits. A
Where applicable, the appropriate seismic description of tia refueling procedere can be found in

category, safety cla.s quality group, ASME, ANSI, hection 9.1 A.
industrial and electrical codes have been ideptified
(see Tables 3.2-1 and 9.16). The d; signs will The RB crane will be interlocked to pevent
conforra to the relevant requirements of Genersi mo.cment of heavy loads over the spent fuel storage
Desip,n Criterion 2,4 and 61 of 10CFR Part 50, porf.on of the spent fuel storage pool. Since the
Appendix A. crane is used for handling large heavy objects over the

open reactor the crane is of type I design. The
The lifting capacity of each crane os hoist is reactor building crane shall be designed to meet the

designed to at least the maximum actual or single-failure-proof requirements of NUREG-0554,
anticipated weight of equipment and handling
devices in a given area serviced. The hoists, cranes, 9.1.5.2.2 Other Overhead ' oad llandling System
or other lifting devices shall comply with the
requirements of 3 ' 7SI N14.6, ANSI B30.9, ANSI 9.1.5.'.2.1 Upper Drywell Senicing Equipment

B30.10 and NUf : . -0612 subsection 5.1.1(4) or
5.1.1(5). Cra- . end hoists are also designed to The upper drywell arrangement provides
criteria and guide ines of NUREG-0612 Subsection servicing access for the main steam isolation valves
5.1.1(7), ANS! B30.2 and CMAA-70 specifications (MSIVs), feedwater isolatior. valves, safety relief
for electrical overhead travelinE crae.es, including valves (SRVs), emergency core cooling systems

O ANSI B30.11, ANSI B30.16, and NUREG-0554 as (ECCSs) isolation valves, and drywell cooling coils,

_) applicabic.

Arnendment 21 9.t-7
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fans and rootors. Access to the space is via the RB drywell. Special hoists are provided in the lower
through either the upper drywell personnel lock or drywell and reactor building to facilitate handling of h(

equipment hatch. All equipment is removed through these loads.
the upper drywell equipment hatch. Platforms are
provided for servicing the feedwater and mainsteam (1) Reactor Internal Pump Senicing
isolation valves, safety relief valve % and drywell
cooling equipment with the object of reducing- There are 10 RIPS and their supporting
maintenance time and operator exposure. The instrumentation and heat exchangers in the L/D
MSIVs, SRVs, and feedwater isolation valves all that require servicing. The facilities provided
weigh in excess of 200 kg. Thus they are considere3 for senicing the RIPS include:
heavy loads.

(a) L/D equipment platform with facilities to
With maintenance activity only being rotate the motor from vertical to horizontal

performed during a refueling outage, only safe and place it on a cart for direct pull out to
,

shutdown ECCS piping and valves need be protected the RB. The equipment platform rotates to
imm any inadvertent load drops. Since only one fscilitate alignment with the installed pump
dl-ision of ECC5 is required to maintain the safe locations.
shutdown condition and the ECCS divisions are
spatially separated, an inadvertent load drop that (b) Attachment points for rigging the RIP heat
breaks more than one division of ECCS is not exchanger into place. The RIP heat
credible. In addition, two levels of piping suppon exchanger can be lowered straight down to
structures and equipment platforms separate and the equipment platform.
shield the ECCS piping from heavy loads transpott
path. (c) Access to the RIP equipment platform is

via stairs. There is a ladder access to the
This protection is adequate such that no RIP heat exchanger maintenance platform.

credible load drop can cause either (1) a release of &
radioactivity, (2) a criticality accident, or (3) the (d) The L/D equipment tunnel and hatch are W
inability to cool fuel within reactor vessel or spent utilized to remove the RIP motors from the
fuel pool; therefore, the upper tywell servicing lower drywell,
equipment is not subject to the requirements rJ
Subsection 9.1.5. (c) The RIP motor servicing area is directly

outside the L/D equipment hatch.4

9.1.5.2.2.2 Lower Drywell Servicing Equipment
The 10 RIPS have wet induction motors in

The lower drywell (L/D) arrangement provides housings which protrude into the lower drywell
for se; vicing, handling and transportation operations from the RPV bottom head. These are in a
for RIP, and FMCRD. The lower drywell OHLHS circle at a radius of 316U sm from the RPV
consists of a rotating equipment senice platform, centerline. For senice, ta snotor is removed
chain hoists, FMCRD reraove.1 machine, a RIP from below and outside, whereas the diffuser,
removal machine, and other special pt.rpose tools, impeller and shaft are removed from above and

inside the RPV.
The rotating equipment platform provides a

work surface under the reactor vessel to support the The trotor, with its lower flange attached,
weight of personnel, tools, and equipment and to weighs approximately 3300 kg, is 830 mm in
freilitate transportation moves and heavy load diameter and 1925 mm high. The flange has
handling operations. The platform rotates 360 in " cars' that extend from two sides,180 apart.
cither direction from its stored or " idle" position. These ears, which are used to handle the motor,
The platform is designed to accommodate the increase the flange diameter to 1200 mm for a
maximum weight of the accumulation of tools and width of 270 mm.
equipment plus a maximum sized crew. Weights of
tools and equipment are specified in the interface The motor, suspended from jack screws, is
contrcl drawings for the equipment used in the lower lowered straight down out of its housing onto g
Amendment 17 9.18
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[_ 9.1.6 COL License Information 9.1.7 References ;

9.1.6.1 New Fuel Storage Rocks Criticality Analysts 1. General Electric Standard Application for
Recciar Fuel, (NEDE-24011 P. A, latest -

| The COL applicant referencing the ABWR approved revision).
design sh111 provice the NRC confirmatory criticality
analysis as required by Subsection 9.1.1.1.L

.

9.1.6.2 Dyustale and Impact Analyscs of New Fuel
Storage Racks'

| The COL applicant referencing the ABWRi '

-

design shall provide the NRC confirmatory dynamic
and impact analyses of the new fuel storage racks.;

See Subsection 9.1.L1.6..

! .

! 9.1.63 Spent Fuel Storage Racks Criticality
Analysis

t

| | The COL applicant referencing the ABWR
design shall provide the NRC confirmatory critically

j analysis as required by Subsection 9.1.23.1.
i

.

j 9.1.6.4 Spent Fuel Racks Load Drop Analysis
!

| _ The COL applicant referencing the ABWR
design shall provide the NRC confirmatory load drop

j_ analysis as required by Subsection 9.1.43.

9.1.6.6 Overhead Load Handling System;

Information

The COL applicant shall proside the NRC for
confirmatory review: (1) heavy load handling system -
and equipment maintenance procedures, (2) heavy
load handling system and equipment maintenance*

procedures and/or manuals, (3) het.y load handling
; system and c'quipment inspection and test plans;)

NDE, Visual, etc., (4) heavy load handling safe load .4

paths and routing plans,(5) OA program to monitor
,

and assure implementation and compliance of heasy -
load handling oper d, ions and controls, (6) operator
qualifications, training and control program.

9.1.6.5 New Fuel Inspection Stand Seismic
Capability

The COL appliccat referencing the ABWR
design will install the new fuel inspection stand firmly -
to the wall so that it does not fall into or dump

- personne' into the spent fuel pool during an SSE.
. (See Subsection 9.1.4.23.2.)

O
Amendment 21 - 9.113
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Table 9.1-1

DEFINITION OF TEILMS

A Flow area through bundles = 15.353 in. ).
b

A Arbitrary area used in bundle friction correlation = 10 in
k

C Specific beat of water = 1.0 Btu /lb- F.
P

g Gravitational constant 32.2 ft/sec .

li Ilead loss through bundle (ft H O).
b 2

h Effective depth of cold water over entrance point into bundle = 13.5 ft in this example

1 Intercept in p versus t correlation = 63.45 lb/ft .

M Slope of p versus t correlation = -0.0145 lb/ft - F.

p Density of water = 62.00 lb/ft (at 100 F).

O Heat evolution rate from bundle = 68,000/3,600 Bto/sec.

V t inlet water temperature (100 F),

\'b \'elocity f w ter through bundle (ft/sec).
1

'?

,/~\
(,,)

.

Amendment 6 9.1-13a
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Table 9.12 g
FUEL SERVICING EQUIPMENT

Essential Safety
Component Classifi- Classif1 Quality Seismic

No. Identification cation cation Group Category
(a) (b) (c) (d)

1 Fuel Prep "achine NE N E N/A

2 New FuelInspection. Stand PE 2 E O

3 Channel Bolt Wrench NE N E NA

4 Channel liandling Tool NE N E NA

5 Fuel Pool Vacuum Sipper NE N E NA-

6 General-Purpose Grapple NE N E NA

g 7 Deleted

E
8 Refueling Platform PE 2 E O*

9 Channel 11andling Machine NE N E NA |

EQ111:

(a) NE = Non Essential
PE = Passive Essential

(b) N Non-nuclear safety-related
.

=

Safety Class2 =

(c) E Elements of 10CFR50, Appendix B are generally applied,=

commensurate with the importance of the requirement function.

(d) NA = No Seismic Requiremet.:s
Seismic CategoryII =

Designed for OBE, andO =

to bold its load in a SSE

Amendment 21 9.113b
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] Table 9.13 :

REACTOR VESSEL SERVICING EQUIPMEN"I'-

Essential Safety
Component- Classin. Classin. - Quality -- Selsmic -

No, IdentlRcation cation cation Group _ Category

(a) (b) (c) (d)

1 Reactor Vessel Senice - NE N E NA'
Tools

2 Steamline Plug NE N E NA

3 - Shroud Head Bolt Wrench NE N E NA~ j

4 licad Holiing Pedestal NE- N E I-

7- Head Stud Rack NE ~N E NA

6- Dryer and Separator NE N E NA'
Strongback

7 Head Strongback Carousel PE 2 E NA-

8 RIPimpeller Shaft PE- -N- E- - NA -

9- RIP Impeller Rack - NE N .E NA-

10 Fuel Assembly Sampler . NE N E NA-

htu-

(a) NE = Non Essential
PE = Passiw Essential

(b) N-= Non-nuclear Safety related-
2- = - Safety Class

(c) -E= Elements of 10CFR50, Appendix B are generally applied,'
commensurate with the importance of the requirement function.

i

.(d) NA = - No Seismic Requirements
1- = - Seismic Category I'

* Dynamic analysis methods for seismic loading are not applicable, as this
.

. equipment is supported by the reactor senice crane. Lifting devices have been
'

designed with a minimum safetyfactor of 5 and undergo proof testing. -

1

- Amendment 21 9.1 13e
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Table 9.14 -

UNDER REACTOR VESSEL SERVICING EQUIPMENT ANII-TOOLS

No. Equipment / Tool Classification Safety Class Seismic
Category

1 FMCRD Handling Equipment NE N- NA

FMCRD Motor / Seal Assembly NE N NA

2 Equipment Handling Platform NE N NA

3 Water Seal Cap NE N NA-

4 In-Core Flange SealTest Plug NE N NA

5 Key Bender NE N. NA

6 RIP Motor Servicing NE N NA
Equipment

@'-h-

No Seismic RequirementsNA =

Non-nuclear cafety-relatedN =

Non EssentialNE =

Amendment 21 9.1 13d
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] Table 9.15

TOOLS AND SERVICING EQUIPMENT

Fuel Servicina Eauinment In Venel Senicinn Eauinment (Continued)

Channelllandling Boom - - Control Rod Latch Tool
FuelPreparation Machines Instrument Handling Tool
New FuelInspection Stand - Control Rod Guide Tube Seal
Channel Bolt Wrenches In-Core Guide Tube Seals
Channel Handling Tool ~ Blade Guides
Fuel Pool Vacuum Sipper Fuel AssemblySampler
Jib Crane - Peripheral orifice Grapple
GeneralPurpose Grapples Orifice Holder

| Refueling Platform -- Peripheral Fuel Support Plug -
FuelSupport Plug Tool
RIP Handling Tools

Senicine Aids

| PoolTool Accessories - Refueline Eauinn.m nt
Actuating Poles

.

General Area Underwater Lights . Refueling Platform !

Local Area Underwater Lights
Drop Lights

. - Underwater TV Monitoring System
-' Underwater Vacuum Cleaner Storare Erjuipment

,

Viewing Aids -
Light Support Brackets - Fuel Storage Racks
Underwater ViewingTube Channel Storage Racks -

Defective FuelStorage Containers
In-Vessel Racks -

Reactor Vessel Senicine Eauinment CR Guide Tube Storage Rack ~
CR Storage Rack

Reactor VesselSenicingTools Defective FuelStorage Rack
Steam Line Plugs and Installation Tools
Shroud Head Bolt Wrenches
Head Holding Pedestals Under-Reactor Vessel Senicina Eauinment -
Head Stud Rack
Dryer-Separator Strongback . Line Motion -
Head Strongback/ Carousel Control Rod Drive !,enicin6 Tools

. (including Stud Tensioners) L CRD Hydraulic Sy, tem Tools
Water Seal Cap 1 -

FMCRD Handling Equipment
In-Vessel Servicine Eauinment - Handling Platform

~

Thermal Sleeve Installation Tool
Instrument Strongback In-Core Flange Seal Test Plug - -
Control Rod Grapple Key Bender -
Control Rod Guide Tube Grapple Spring Reel-
FuelSupport Grapple Radiation Shield .
' Grid Guide RIP Handling Equipment

.-

Amendment 21 9.1-13e '
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Table 9. 6
>

REFERENCE CODES AND STANDARDS

Numla r Ilth

ANS-N14.6 Standard for Special Lifting Devices for Shipping
Containers Weighing (5 ton) or More for Nuclear Ntaterials '

ANSI B30.9 " Slings"

ANSI B30.10 * Hooks"

ANSI B30.2 Performance Standards for Overhead Electric Wire Rope Holsts
,

ANSI B30.16 Performance Standards for Air Wire Rope lloist

ANSI B30.11 Overhead and Gantry Crane

CMAA70 Specifications for Electric Overhead Travelling Cranes'

Nt' REG -0554 Single-failure-proof Cranes for Nuclear Power plants

N U R EG--0612 Control of Heavy Loads at Nuclear Power Plants

to

O
Amendmem 6 9,1 14

-- - _ _ . _ _ _ - - - - _ _ _ _ - _ _ - _ - - - _ _ - _ _ _ _ _ _ _



,- . . ..- . . . . . . _

M 23A61'00Alld

Standard Plant nev. n

'
. Table 9.17

HEAVY LOAD EQUIPMENT USED TO HANDLE LIGIIT LOADSi

AND RELATED REFUELING HANDLING TASKS

*

APPLICABLE LIGitT IDAD
}}ANDLING OPERATIONS /EOUIPMENT H ANDLING SUBSECTIONS'

Overhead Bridge Cranes 9.1.4.2.2L-

. Reactor Building, Crane 9.1.4.2.2

FuelServicing Equipment 9.1.4.23

:

Servicing Aids 9.1.4.2.4

Reactor Vessel Servicing Equipment . -9.1.4.2.5
'

_Steamline Plug .
'

Head Stud Rack
Dryer / Separator Strorgback
Head Strongback/ Carousel

In Vessel Senicing F,quipment. 9.1.4.2.6.

O Refueling Equipment 9.1.4.2.7 thru 9.1.4.10

Refueling Platform
| Vessel Platform
'

Storage Equipment
i Under Reactor Vessel Servicing Equipment

Fuel Handling Senice Tasks
Reactor Shutdown Handling Tasks

Drywell Head Removal
Reactor _Well Servicing
Reactor Vessel Head Removal
Dryer Removal
Separator Removal
Fuel Bundle Sampling -
Refueling
Vessel Closure

,

a

LO 1
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Table 9.1-8 -

11EAW LOAD OPERATIONS -
In plant

liardware llandling - Handling - - Location

Llandline Tasks Systems * Eautoment Elevation *

RPV OPENING / CLOSING OPERATIONS:

Dry Well -Shield Blocks: RBS RB Crane - RB 26700
Remove, store and reinstall Main hoist RF 26T00

D/S Pool, Spend Fuel Pool RBS RB Crane Main
Fuel Cask Pit, Shield Plugs or Auxiliary Holst, _ _RF26700
and Pool Seal Gates Slings - D/S P 18700
Removal, reinstallation - . & strongbacks
and storage on the refueling
floor or in D/S Pool.

Drywell Head RBS. RB Crane RF 26700
Removal, storage and Main Holst, R/W 23700
reinstallation : Drywell Head -

-

Strongback = -

Reactor Vessel Head RBS RB Crane RF 26700
Insulation Main Hoist _ R/W 18700
Removal, storage and

.

reinstallation Lifting Sling

Reactor Vessellicad RBS RB Crane RF26700
Removal, storage and . Main Holst . RW 18700
reinstallation, includes - Auxiliary Holst'

handling stud tensioner - Head Strongback/ :
studs, nuts, Head Strong- . Carousel -
back/ carousel - RPV Head support Pedestal -

Steam Dryer -RBS ' RB Crane - R W 18700'

Removal, storage and Main Hoist - ' D/SP 18700
reinstallation -Dryer / Separator IRV 14500

. Strongback '

* See Table 9.1-9 for Legend.,

-

|
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b Table 9.1-8

HEAVY LOAD OPERATIONS'

(Continued)
la plant -,

liardware . Handling llandling Location

11andlinn Tasks Systems * Eggipment Elevation *

RPV OPENING / CLOSING OPERATIONS:(Continued)
,

D/SP Cover plates - RBS . RB Crane - .RF 26700

Removal, storage - Auxiliary Holst -
'

and reinstallation. Lifing slings :
1

RPV Service Platform -RBS - RB Crane RF 26700

2 Removal, storage --Auxiliary Holst IRV 14500
.

j and reinstallation. Lifing slings

.

'. Steam Plugs _ RBS RB Crane RF 26700
l- Temporary tool- .. Auxiliary Holst IRV 15500

Installation and removal 1/2 ton Chain Holst
Service Platform

. Refueling Platform

,

- Steam Separator / Shroud
_ _

: Head RBS- RB Crane RW 18700

i Removal, storage and rein- Main Hoist IRV 9500
stallation. Include - Dryer / Separator - D/SP 18''00>

' unbolting shroud head bolts Refueling Platform
from Refueling Platform

FuelBundle Sampler
Tool RBS Refueling Platform ' RW 18700

,
~ Positioning, sampling and or RB Crane IRV 9100

removal, storage Auxiliary Hoists -
,

REFUELING OPERATIONS:

: New Fuel:'
<

Receive at G/F. A lift to ' RBS [ RB Crane RE 7300
RF. Receiving inspection - Auxiliary Hoist- RF 26700

| remove outer containere

4

* See Table 9.1-9 for Legend.

O.
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' gTable 9.18

HEAVY LOAD OPERATIONS
(Continued)

|

In plant
Hardware llandling Ilandling Location

Handlina Tasiss Systems * Eautoment - Elevation *

REFUELING OPERATIONS:(Continued)

Remove inner container and RBS RB Crane RF26700
store fuel bundle in new fuel Auxiliarylloist NFS 18700

vault rack. Move fuel to new NFI 18700

fuelinspection stand, inspect
and return to storage.

Move new fuel from vault RBS RB Crane NFS 18700

to fuel pool, storage of fuel Auxiliary Hoist FSP 14800

channel fixtures. Channel Refueling Platform FCF 14800
new fuel and store. Move Auxiliary Holst RF 26700
channeled fuel and load Fuel Grapple RVC 9500.
into reactor core.

Spent Fuel:

Remove spent fuel from RBS Refueling Platform .- RW 18700
RPV core. Transport spent Auxiliary Hoists FSP 14880 -

fuel to storage racks and/or Fuel Grapple - FCF 14800

|.fuel channel fixture remove RVC 9500
channels and store spent Channel Handling
fuel bundles Boom --

Fuel Cask:

Receive, lift to refueli RBS RB Cranc ' G/F 7300 -
ing floor Lower into cask . Main Holst 'RF26700
washdown pit, washdown & Auxiliary Holst . FWP 18700
move to load pit._ Move spent ' Refueling Platform . FLP 14800 -
fuel to cask load pit. Move Auxiliary Hoists.
loaded cask to cask washdown Fuel Grapple
pit. Move cask to G/F for
shipment.

* See Table 9.1-9 for legend.i

!
'

( Amendment 21 9.1 18

h
1

- - - -- - -. ., . . . . . - , . . , .



. _ . .- -. .

i

=AB M -

nA6ioarii -
*

Standard Flant am n

' Table 9.18

HEAVY LOAD OPERATIONS
(Continued)

In plant
!: liardware . llandling - Handling location

Handlinn Tasks . Systems * Equipment Elevation * ,

REACTOR SERVICE OPERATIONS:

i- Control Rod Blades . RBS Refueling Platform RVC 9500

Replacement including Auxiliary Hoists ' RV 5300

) adjacent iuct bundles Fuel Grapple

j moving and storage in Fuel Support Grapple
in-vessel tr.x and blade guide Control Rod Grapple .
removal 4 installation. Fuel;

support removal and reinstallation.4

- Control Rod GuHe Tube RBS Refueling Platform RVC 5300

(CRGT)(Nonroutine) ' Auxiliary Hoists-

| Removal & Replacement. Prior - CRGT Grapple
'

removal of control rod, fuel,
j! fuel suppor, and blade guide

see above.d~

O inierna> Recire iation enmP RnS an cr ne PSe187oo
Senicing: Auxiliary Hoist - .lRV 3000

: Removal of pump . Service Platform -
impeller, diffuser and the Pump Impeller
wear ring and piston ring Grapple
through annulus between4

shroud and RPV I.D. wall. Move,

impeller to fuel storage pool.
'

UPPER DRYWELL SERVICING'

.

MSIVs and SRVs -UDS Monorail for UDW 12500
; - Senicing: removal, in. SRM(C) senicing MSIVs and RB 12500

stallation, and transportation SRVs . RB 18700
for repair and calibrations Monorail Hoist*

from installed location to Transportation Cart :
RCCV entrance and up to Hatchway Holst = SRM 18700(c)
special senice room area and - Wall Mount
return.

MSS. Steam Tunnel Crane . MST
Holst 12500

'

Transportation Cart+

Hatchway Holst _ SRM 18700(c)
WallMount

- * See Table 9.1-9 for Legend.'.
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Table 9.18 $
HEAW LOAD OPERATIONS

(Continued)

In plant
liardware llandling llandling Location
llandline Tasks Systems * Eouloment Elc5 ation*

LOWER DRYWELL SERVICING:

RIPS hiotors LD,', Jack Screws L/D(-)2500
Removal and installation and SRhtp Transportation Cart L/D(-)6700
transport to senice area and Equipment Platform SRh1(-)6700 (C)
return during maintenance. Turntable

L/D RIP Holst

RIP Heat Exchangers LDS Special Rigging L/D(-)2500
Removal and installation RBS Transportation Cart L/D(-)6700
for replacement or servicing Equipment Platform R/B(-)6700

L/D RIP Hoist R/B(-)7300

FMCRD Control Rod Drives LDS Ph1CRD Remote LDW/URV
Removal and installation SRh1(A) handling machine (-)6700
from/to RPV for maintenance

(1) hiotor and seal replacement

(2) Fh1CRD drive mechanism3

replacement SRht(A) Fh1CRD motor SRhi(-)6700(A)
servicing machine

(3) Move CRD hardware to LDS Lifting / handling LDW(-)6700
senice room area for senice device to move

CRD hardware to SRh1(-)6700(A)
service room area
for service

Neutron hionitor Sensor LDS Refueling Platform RVC 5300
Replacement and senicing RBS Auxiliary lloist

Special Tools
cask onto tunnel track.

,

* See Table 9.1-9 for Legend. g
Amendment 6 9.1 20
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9.2 WATER SYSTEMS potentially radioactive wastes and conveys them
to a sewage tree! ment facility.

9.2.1 Station Service Water System
(4) The PSW includes a sewage treatment system

The functions sormally performed by the which treats sanitary waste using the activated

station service water system are performed by the sludge biological treatment process. The
systems discussed in Sub ection 9.2.11. aeration tanks are capable of receiving waste at

a rate between 12,000 gpd and 48,800 gpd.

9.2.2 Closed Cooling Water System
(5) The PSW system shall be designed with no

The functions normally performed by the closed interconnections with systems having the

cooling water system are performed by the systems potential for containing radioactive materials.
discussed in Subsections 9.2.11,9.2.12,9.2.13, Protection shall be provided through the use of )

and 9.2.14. air gaps, where necessary. |
l

9.2.3 Demineralized Water Makeup 9.2.43 System Descilption (Conceptual Design)

System
The PSW system is composed of a potable water

The functions normally performed by the demin- system, a sanitary drainage system and a sewage
eralized water makeup system are performed by treatment system.

the systems discuseed in Subsections 9.2.8,9.2.9 and
9.2.10. 9.2.43.1 Potable Water System

9.2.4 Potable and Sanitary Water System Filtered water flows by gravity from the filtered

(PSW) water storage tank ot' the MWP system into a potable
water storage tank. A hypochlorite addition pump

This subsection provides a conceptual design of and tank are provided which adds sodium
h,, the potable and sanitary water (PSW) as required hypochlorite to the water entering the potable water

by 10CFRS2, The interface requirements for this storage tank. Two potable water pumps send water

system are part of the design certification. ftom the potable water storage tank to a
hydropneumatic pressure tank. A hydropneumatic

9.2.4.1 Safety Design liases (Interface pressure tank and air compressor are provided to
Requirements) maintain adequate pressure within a potable water

distribution piping system. Potable water is sent to a

The PSW system has no safety-related function. heater where it is heated and distributed throughout

Failure of the system does not compromise any the plant.

s,fety-related system or component, nor does it
prevent a safe shutdown of the plant. 9.2.43.2 Sanitary Drainage System,

-

9.2.4.2 Power Generation Design Bases (Interface The sanitary drainage system collects liquid wastes

Requirements) and conveys them to the sewage treatment system.
This system is installed in accordance with ANSI

(1)The PSW system is designed to provide a A40.8, National Plumbing Code, and applicable local

minimum of 200 gpm of potable water during or state codes.

peak demand periods.
9.2.433 Sewage Treatment System

(2) Potable water is filtered and treated to prevent
harmful physiological effects on plant The sewage treatment system is a concrete
personnel. structure containing several compartments. The

sewage treatment systems uses the activated sludge
|

! (3) The PSW includes a sanitary drainage system biological treatment process. The system includes a

! which is des:gned to collect liquid wastes and comminutor with a bypass screen channel, two

| 77 entrained solids discharged by all plumbing aeration tanks, three final clarifiers, one chlorine

U fixtures located in areas with no sources of contact tank, two aerobic digesters, three air blowers,

9.21
Amendment 2t

.



.

ABWR ummm
Standard Plant un

a froth spray pump, a hypochlorite pump and to being dischttged via the cooling tower blowdown
related equipment. The system can be operated in line. The settled sludge is sent to the acrobic
two modes: extended actation and contact digesters and disposed ot off site,

stabilization.
9.2.4.4.2 Abnormal Operation

9.2.4.4 System Opercion (Conceptual Design)
The components of the PSW system are designed

9.2A.4.1 Normal Operation to meet the increased need during refueling
operations when addition J people are on-site.

The potable water pumps take water from the A
potable water storage tank and discharges it into The sewage treatmer systcm may be operatedP
the potable watch hydropneumatic pressure tank. the contact stabilizatt a mode to process the
Under automatic control, a low pressure switch substantially higher waste water flow rates during
starts one of the two notable water pumps when outages. In this mode, a portion of the settled sludge

the hydropneumatic pressure tank water pressure from the final clarifiers is aerated, sent to the aera-

falls below a specified limit. A pressure switch tion tanks and mixed with incoming sewage,

automatically starts the second potable water pump
when a single pump is unable to maintain the tank 9.2.43 Evaluntlan of Potable and Sanitary Water

pressure above a specified limit. When water level System Performance (Interface Requirements)
reaches a specifica nigh level in the hydro-
pneumatic pressure tank, a level switch auto. The COL applicant shall analy7c the PSW system
matically stops the pottble water pumps. If high to assure that the system meets all applicable regula.
water level in the presswe tank is reached and the tory requirements and is compatible with site condi-
tank pressure is low, the air compressor is auto- tions,

matically started and is stopped at a specified
pressure by a high pressure switch. 9.2.4.6 Safety Evaluation (Interface Requirements)

The air compressor controls are interlocked There are no safety requirements. g
with the potable water pump controls so that the
air ccinpressor may operate only when the pumps 9.2.4.7 Instrumentation and Alarms (Interface
are stopped and the hydropneumatic pressure tank Requirements
water level is at the specified high limit.

The subsystems of the PSW system are provided
Downstream of the hydropneumatic pressure with control panels located in the control building

tank, a branch sends potable water to a hetter and which are designed for remote manual and
a hot water distribution system, automatic control of the processes.

Potable water is used to flush the service water A flow proportioning controller is used to operate
sides of the RSW and TSW heat exchangers the hypochlorinator pump as water enters the PSW
whenever they are put into a wet standby condition, system. Pressure and level switches are provided to

start and stop the potable water pumps and the air
Normally, the sewage treatment system is compressor. Low hydropneumatic tank pressure is

operated in the extended aeration mode. The alarmed. Low level in the hypochlorite feed tank is
sanitary wastes enter the sewage treatment system alarmed.
via the comminutor,in which any solids are shred-
ded, and flows into the aeration tanks. In the aera- The minimum instrumentation requirements for
tion tanks, the waste liquids are continuously- _ the sewage treatment system are a treated effluent
aerated. Occasionally, foaming occurs in the sewage flow meter and a common air blower
aeration tanks. A froth spray system is provided discharge pressure gage.
which uses processed sewage to control any froth
which is present. The actr*im unk contents are 9.2.4.8 Tests and in:pections (Interface
then transferred ta the clarifk 4 irre the sludge Requirements)
is allowed to settle The clda wage passes
into the chlorine contact tvk L chlorination prior Drainage piping is hydrostatically tested to the h

.

i
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equivalent of a 10 foot head of water for a (6) The safety related portion of the UllS shall be i

minimum of 15 minutes. designed to perform their required cooling
function assuming a single active failure in any .

The operability of all other parts of the PSW mechanical or electrical system. }
system is demonstrated by use during normal !

!.

system operation. (7) The UllS is designed to withstand any credible
single failure of man.made structural features ,

9.2.5 Ultimate Heat Sink without impairing its safety function. |

This subsection provides a conceptual design of (8) All safety related heat rejection systems shall
the ultimate heat sink (Ulis) as required by be redundar.t so that the essential cooling t

10CFR52. The interface requirements for the function can be performed even with the !

Jits are pr.rt of the design certification. complete loss of one dhiston. Single failures of {

passive components in electrical systems may ;
-

9.23.1 Safety Design Hases (Interface lead to the loss of the affected pump, valve or ,

Requirements) other components and the partial or complete !
loss of cooling capability of that dhision but not %

(1)T'ie UliS is designed to provide sufficient of other dhisions, g
$ cooling water to the reactor service water .

|

.

6 (RSW) system to permit safe shutdown and (9) The UllS and any pumps, valves, structures or
=

cooldown of the unit and maintain the unit in a
'

other components that remove heat from safety
safe shutdown conditlon, The UliS systems shall be designed to Seismic Category I

temperature is provided in Table 2.01, and ASME Code, Section 111, Class 3, Quality
Assurance B, Quality Group C, IEEE 279 and

(2)in the event of an accident, the UilS is IEEE 308 requirements,
designed to provide sufficient cooling water to
the RSW system to safely dissipate the heat for (10) The safety related portions of the UilS shall be -

O inai ecideni. The menni ef scai ie se meca nic>iix nd eieciric iix ser rated-
reme ed is provided in Tables 9.2 4a, 4b and
-4c. (11) The UllS is designed to include the capability |

for full operational testing.
(3) The UllS is sized so that makeup water is not

hg required for at least 30 days following an 9.23.2 Power Generation Design Hanes

gd accident and design basis temperature and (Interface Requirements)
;chemistry limits for safety related equipment''

are not exceeded. The UllS is designed to remove the heat load of f
.

. .

the RSW system during all phases of normal plant
(4)The UllS is designed to perform its safety. operation. These heat loads are provided in Tables

function during periods of adverse site 9.2 4a, 4b and 4c. However it i. not a rcquirement ,

conditions, .'esulting in maximum water that the UHS temperature be assumed to be the
consumption and minimum cooling capability, maxim"'u temperature for all operating modes -

,,

during i.. mal plant operations.

g (S)The UAS is designed to withstsod the most -
g severe natural phenomenon or site-related W S.3 System Description (Conceptual Design)

event (c. g., SSE, tornado, hurricane, flood. .'

frecting, sprayli g, pipe whip, jet 3,rce* The UllS is a spray pond which serves the - 6

missiles, fire, failure of non Scismic Cate ,ory I safety related functions of providing cooling water ;r *

equipment, flooding as a result of pipe failures and acting as a heat M for the RSW system during
or transportation accident), and reasonabi- accident conditions. The spray pond also serves as a

probable combinations of less sever- heat sink d; ring normal operation by accepting the '

phenomena and/or events, without impairing - ient load of the RSW system,

its safety functiUI.

f,fThere are no othat heat loads associated with the
spray pond in addition to the RSW sptem. ,j

Amere w .21 9.21.2 t

| ,

1
~

. - _ _ _ , _ . _ . . _ _ _ - - _ . _ . - - . - _ _ , _ _ _ . _ . _ _ . . _ _ _ _ _ - _ _ _ _ _



ABWR man
Sjin)ditrd,Pj(llit nn n

9.2.53.1 General Description cooldown, shutdown or accident, the RSW return
water will be sent to all four networks. Network

The UllS is a highly reliable, Seir,mic Category header piping is sired for proper flow rates to all
I spray pond that provides that an adequate source nozzles in the nes"ork. Piping is sloped to allow
of cooling water is available at all times for reactor complete drabage of the networks and network
operation, shutdown cooldown and for accident supply piphg to minimire corrosion and prevent
mitigation. The RSW system (Subsection 9.2.15) freezing,
receives cooling water from the UllS and returns
the water to the spray pond via the spray networks. The spray nozzles are of corrosion resistant

materials and designed to provide good thermal
9.2.53.2 Spray Pond Description performance while minimizing drift loss. The system

is designed so that the pressuie drop across the
The spray pond is of Seismic Ca'egory I design, nortles for proper spray performance is achieved for

excavated below grade and sized for a water all anticipated modes of RSW system operation. The
volume adcquate for 30 days of cooling under nozzles are designed to be resistant to clogging.

design basis conditions.
A cold weather bypass line is provided for the

The pond is lined to minimize seepage. The RSW return line do allow bypassing the spray
pond is provided with a Seismic Category I networks and returning the heated water directly to
overflow weir to accommodate normal water level the por d.
fluctuations and an emergency snillway to limit the
maximum water level in the pond during maximum Makeup water to the spray pond is supplied via
precipitation conditions. the power cycle heat sink makeup line. A makeup %

$ water valve is provided which is controlled by a level $
$ Four spray networks are arranged in the pond detector in the spray pcmd to maintain proper water

to prmide cooling for the RSW return water. The level. The makeup water valve can also be operated
networks and their supply piping are suspended remotely when desired to maintain desired water
above the pond surface on reinforced concrete level or quality, g
columns.

A blowdown weit and line are provided which
9.2.533 Spray Pond Pump Structure conducts blowdown to the power cycle heat sink

blowdown line. Illowdown from the spray pond
The spray pond pump structure houses the occurs to remove excess water f om precipitation

RSW pumps and associated piping and valves. See and to mainta;.i water quality control.
Subsection 9.2.15. The pump structure is located
on the edge of the spray pond. Openings are 9.2.5.4 System Operation (Conceptual Design)
provided in front of the pump structure to allow
pond water to flow into the wet pits where the 9.2.5.4.1 Normal Operation
pump suctions are located. Each pump is h>cated
in its own bay. A removable screen is placed at the Normally, the RSW has one pump per division in
entrance of each bay, operation. The RSW return water from each

division is collected into a header and sent to the
The pump structure is designed to provide UllS where it is sent to two of the four networks,

adequate net positive suction head for the pumps. The operators may change the operating RSW
pumps and the UllS networks when desired,

ilVAC equipment snaintains necessary
conditions for proper operation of the equipment During operation without spray pond blowdown,
in the pump structure, the concentration of scale-forming constituents in the

water would increase due to evaporation impairing
9.2.53.4 System Components heat exchanger performance. Also, biofouling may

occur under some conditions. To prevent these
Four spray networks are provided. During adverse conditions from occurring, chemical addition

normal plant operation, two of the networks are in equipment is provided and blowdown may be
operation. When the heat load is increased during increased by increasing the makeup rate. Sufficient h
Arr:1dment 21 9.2-t.3
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| spray pond water inventory is provided such that The COL applicant shall analyre the Ulls |

|
Scale. producing agents, such as calcium sulfate, do performance to assure that UllS is adequate for 30

# not reach concentrations that might cause scaling days of cooling without makeup or blowdown and
|

during the 30 day post accident period when no that the cooling water temperature does not exceed

makeup or blowdown is assumed. the design limit for design basis heat input and site
conditions.

9.23.4.2 Cold Weather Operation
9.2.5.7 Safety Evaluation (Interface Requirements)

The spray pond is designed to perform its
safety function with an initial ice layer on the pond 9.2.5.7.1 Thermal Performance
surface. During icing conditions, RSW system
return flow to the pond is initially sent to the cold The COL applicant shall demonstrate by analysis |

weather bypasses. These bypasses direct the warm that the Ull5 is capable of providing cooling water
water toward the ends of the pond under any ice within the design temperature limit for at least 30
that may be present to allow the return water to days for the design basis event using conservative
circulate and mix with the water in the pond. Any meteorology and assumptions.

ice layer present on the pond surface will melt.
Once a hole is formed in the ice layer, a return 9.23.7.2 l'frects of Seiere Natural Events or

path for spray water is available and the spray Site.Related Events

networks may be used if needed.
.

The COL applicant shall demonstrate by analysis |

$ 9.2.5.5 Spray Pond Thermal Performance that the UllS is capable of fulfilling its safety
6 (Conceptual Design) function concurrent with any of the following events:

SSE, tornado, flood, drought, transportation
9.2.5.5.1 Design Meteorology accident, or fire. 4

?
| The COL applicant shall obtain and use 9.2.5.7J l'avering Considerations

conservative site. specific design meteorological'

data in the detailed design of the spray pond. The COL applicant shall demonstrate by analysis ]
that the UllS is designed for operations under any

9.2.5.5.2 Spray Pond Water Requirements frecting cor uions that may occur.

| The COL applicant shall determine the water 9.2.5.8 Conformance to Regulatory Guide 1.27 and

requirements used in selecting spray pord design 1.72 (Interface Requirement)
volume and used in the pond thermal performance
analysis. These requirements include: The COL applicant shall demonstrate that the |

UllS meets all applicable requirements of Regula-
(1) Evaporation Due to Plant Heat load tory Guide 1.27.

(2) Natural Evaporation If any spray pond piping is made from
fiberglass reinforced thermosetting resin, the COL

(3) Drift Loss applicant shall provide information to show that all
applicable requirements of Regulatory Guide 1.72

! (4) Seepage ate met.

| (5) Sedimentation 9.2.5.9 Instrumentation and Alarms (Interface
Requirement)

(6) Water Quality
UHS low water level (if applicable) and high

(7) Minimum Water Level for Operation water temperature are provided and alarmed in the
control room. UllS surface water temperature

9.2.5.6 Evaluation of UllS Performance indication is provided (if it can differ appreciably

n (Interface Requirements) from the bulk temperature) in the control room.

C/
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Ulls makeup and blowdown volumes (if (4) Deminerallied wtter shall be provided at a l

applicabic) are indicated by flow totaliters located minimum flow rate of approximately 600 gpm & !

In the makeup and blowdown lines, at a temperature between 50 to 100"F. W
5g 9J.S.10 Tests and inspections ($) The htWP system is not connected to any

systems having the potential for containing*

| The COL applicant shall prepare and perform radioactive material.

a preoperational test program and tests during
normal operations in accordance with the (6) The MWP system provides 200 gpm of filtered
requirements of Chapter 14. water to meet maximum anticipated peak

demand periods for the Potable and Sanitary
0.2.6 Condensate Storage Facilities Water System.

and Distribution System
9.233 System Description (Conceptual Des!gn)

The functions of the storing and distribution
of condensate are described in Subscetion 9.2.9. The MWP system consists of both mobile and

permanently installed water treatment systems.
9.2.7 Plant Chilled Water Systems

The permanently installed system consists of a
The functions of the plant chilled water well, filters, reverse osmosis modules and

system are performed by the systems described in demineralizers which prepare demineralized water
Subsections 9.2.12 and 9.2.13. from well water. The demineralized water is sent to

storage tanks untilit is needed. Pumps are provided
9.2.8 Makeup Water (MWP) System to keep the makeup water distribution system
(Preparation) (MUWP) pressurized at all times. The components

of the MWP system are listed in Table 9.215 and the
This subsection provides a conceptual design of system block flow diagram is in Figure 9.2-10.

the makeup water preparation system as required
by 10CFR52. The ints. lace requirements for this While it is planned to ins'all both permanent
system are part of the oesign certification. divisions, only one division may be installed if plant

water requirements and economic conditions
9.23.1 Safety Designe llases (Interface indicate that the second division will not be needed.
Requirements)

Mobile water treatment systems will be used
The MWP system has no safety related before the permanent system is installed and later if

function. Failure of the system does not water requirements exceed the capacity of the
compromise any safety-related system or compo- permanent system or if economic condition make use
nent, nor does it prevent a safe shutdewn of the of mobile equipment attractive compared to operat-
plant, ing and maintaining the permanent system.

9.23.2 Power Generation Design llases (Interface 9.243.1 Well System
Requirements)

A well, well water storage tank and two well water
(1) The MWP system consists of two divisions ca. forwarding pumps are provided which can produce

pable of proJucing at least 200 gpm of sufficient water to meet the concurrent needs of the
demineralized water each. makeup water preparation system and the potable

and sanitary water system.

(2) Storage of demineralized water shall be at least
200,000 gallons.

(3)The quality of the demineralized water shall
meet the requirements in Table 9.2-2a.

Amendment 21 9.2-1.5
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9.2.83.2 Prttreatment System listed above except for the well water storage tank
and the demineralized water storage tanks which are

Two dual media filters are provided in parallel located outdoors. The building is provided with a
which are backwashed when needed using one of heating system capable of maintaining a temperature

two backwash pumps and water from a filtered of at least 50"F at all times.
water storage tank. This tank is provided with a
heater to maintain a water temperature of at least The building does not contain any safety related
50 F at all times. Water may be sent from the structures, systems or components. The htWP
filtered water storage tank to the Potable and system shall be designed so that any failure in the ,

Sanitary Water Systr n or to the next components system, including any that cause flooding, shall not !

of the htWP system. result in the failure of any safety related structure, i
lsystem or component.

9.2.833 Reverse Osmosis htodules
The building has a large open area about 25 feet

Chemical addition tanks, pumps and controls by 40 feet with truck access doors and services for
are provided to add sodium hexametaphosphate mobile water procesdng systems. These services
and sodium hydroxide to the filtered water, include electric power, service air, connections to the l

water storage tanks and a waste connection. This
Four high pressure, horizontal multistage area will be used for mobile water treatment systems

reverse osmosis (RO) feed pumps provide a feed or storage,
pressure of approximately 440 psig. Reverse
osmosis membranes are arranged in two parallel 9.2.8.4 System Operation (Conceptual Design)
divisions of two passes cach with the permeate of
the first passes going to the inlet of the second 9.2.8.4.1 Nore.el Operation
passes. The reject or brine from the first passes
are sent to the cooling tower blowdown by gravity. During normal operation, the well pump is
A chemical addition tank, two pumps and controls controlled by a water level controller to keep the well

O re vr viacale aa seainm hv re iaciethe w ter ste 8e i n' r ii The weii w i r rerw rai 8o

permeate of the first pass. The reject from the pumps are controlled by a water level controller to
second passes is recycled to the RO feed pump keep the filtered water storage tank full. Normally,
suction line. The permeate from the second pass is one filter will be operating with the other filter in
sent to a RO permeate storage tank. standby. The accond filter is started from the control

building or is automatically started by a low water
9.2.83.4 Demineralizer System levelin the filtered water storage tank. When any

filter develops a high pressure drop, it is isolated and
Two dcminerali7cr feed pumps are provided in any standby filter is put into operation. One of the

each parallel division. Three mixed bed two backwash pumps is operated to backwash the
demineralizers are provided in parallelin each filter. The backwash is sent to the cooling tower
division with two normally in operation with the blowdown by gravity,
third in standby. The deminerallred water is
monitored and sent io the demineralized water Sodium hexametaphosphate is added to control
storage tanks. calciu:n sulfate or other fouling in the RO

membranes and sodium hydroxide is addeo to adjust
9.2.83.5 Demineralized Water Storage System the pli for RO treatment.

Two demineralized water storage tanks are The RO feed pumps are controlled by a water
provided with a heater to maintain a water level controller which keeps the RO permeate

g
temperature of at least 50 F at all times. Three storage tank full. These pumps feed the water
demineralited water forwarding pumps are pro- through both RO passes. The RO membranes are of
vided to send water to the blUWP system. the thin film composite type. The fitst pass

permeate which becomes feed for the second pass
9.2.83.6 hinkeup Water Preparution llullding has a pressure of about 200 to 2% psig. Sodium hy-

droxide is added to the first pau permeate to adjust(q A building is provided for all of the subsystems)

Amendment 21 9.2-1.6
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! Se pil to imptove dir,sohed solids rejection in the 9.2.8.7 lustrumentation and Alarms (Interface
e cond pass. Requirrments)

The t incraliter feed pumps are controlled One division of MWP components is normally in'

by a wu n "el controller in the demineralized operation. The components of the standby dhision
t , er.y . iks. Each demineraliter contains are automatically placed into operation upon>

@ W 'cet of ion exchange resin in a receiving a low level signal from their downstream

c .non/anton ratio of 1 to 2. When the effluent water storege tank,

js anlity of a demineralizer becomes unsatisfactory,
4 is automatically removed from operation and the The following shall be displayed and alarmed
standby demineralizer is automatically put into kically and in the control building:
operation. The exhausted r: sins are regenerated
offsite. . Water levelin allwater storage tanks

Running status of all pumpsThe demineralized water forwarding pumps are -

controlled by a pressure switch in their discharge
piping. Normally, one pump is operated to System pressures and differential pressures as-
inalntain a specified system pressure. When the sociated with the filters and RO modules
pressure drops below a specified pressure, the
second pump is automatically put into operation . Water quality monitors, including conductivity,
until system pressure returns to the normal range, pli, turbidity and silica analyrers
If this does not occur, the third pump is
automatically put into operation. All water storage tanks are provided with low low

water level awitches which stop the forwarding
9.2.8A.2 Abnormal Operation pumps for that tank.

Duririg the early construction period and et 9.2.8.8 Tests and Inspections (Interface
certain times later, the makeup water preparation Requirements) g
system may either not be installed or may aot be in
operation. Also, theie may be times when The COL applicant shall prepare and perform a
demineralized water requirements exceed the pro- preoperational test program and tests in accordance
duction capacity. During these periods, mobile with the requirements of Chapter 14.
water treating systems will be used. They willbe
transported to the site by truck and will enter the 9.2.9 Makeup Water Sysicm (Condensate)
makeup water preparation building through large
doors. When no longer required they will be re. 9.2.9.1 Design liases

movad.
(1) The makeup water-condensate system

9.2.8.5 Evaluation of Makeup Water System (MUWC) shall provide condensate quality
Preparation Performance (Interface water for both normal and emergency
Requirements) operations when required.

The COL applicant shall analyze the raw water (2) The MUWC system shall provide a required
quality and availability and the required makeup water quality as follows:
water quality and amounts to assure that these re-
quirements can be met. Any deliciencies in either Conducti ity (#S/cm) s 0.5 at 25 C
quality or production capability shall be met with Chlorides, as C1 (ppm) 5 0.02
mobile water treating systems. pli 5.9 to 8.3 at 2.5 C

Conductivity and pit limits shall be applied after
9.2.8.6 Safety Evaluation (Interface correction for dissolved CO,. (The above limits
Requirements) shall be met at least 90% of the time.)

There are no safety requirements. (3) The MUWC system shall supply water for the

$uses shown in Table 9.2-1.

Amendment 21 9.2-1.7
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(4) The MUWC sptem is not safety related.
O

(5)The condensate stogage tank shall have a
capacity of 2,110 m , This capacity was
determined by the capacity required by the uses
shown in Table 9.2 2.,

(6) All tanks, piping and other equipment shall be
made of corrosion resistant materials.

(7) The 11PCF and RCIC instrumentation, which
initiates the automatic switchover of IIPCF and
RCIC st.ction from the CST header to the
suppression pool, shall be designed to
safety grade requirements (including
installation with necessary scismle support).

(8)The instrumentation is mounted in a safety
grade standpipe located in the reactor building
secondary containment. With no condensate
flowing, the water level is the same in both the
CST and the standpipe. A suitable correction
will be made for the effect of flow up(m water
levelin the standpipe.

9.2.9.2 Splem Description

The MUWC P&lD is shown in Figure 9.2-4 This,

system includes the following:

| (1) A condensate storage tank (CST)is provided.
It is of concrete construction with a stainless
steel lining. T1.e volume is shown in Table
9.23.

(2) The following pumps take suction from the
CST:

(a) RCIC pumps

(b) CRD pumps

|
(c) llPCF pumps !
(d) SPCU pumps

Ot
() Amendment 21 9.24.8
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(3) The system shall be designed and constructed the reactor building as shown in Figure 1.212,
in accordance with Seismic Category 1, ASME Equipment is listed in Table 9.2 9. Each
code, Section 111, Clau 3 :equirements. cooling coil has a three way valve controlled by

a room thermostat. Alternately, flow may be
(4) The system shall be powered from Class 1E controlled by a temperature control valve.

buscs. Condenser cooling is from the corresponding
division of RCW.

(5) The IIECW system shall be protected from
missiles in accordance with Subsection piping and valves for the IIECW system, as
3.5.1. well as the cooling water lines from the RCW

system, designed entirely to ASME Code, Section
(6) Design features to preclude the adverse 111, Class 3, Quality Group C, Quality Assurance

effects of water hammer are in accordance B requirements. The extent of this
with the SRP section addressing the classification is up to and including drainage
resolution of USI A 1 discussed in block valves. There are no primary or secondary |
NUREG 0927. containment penetrations within the system. The

llECW system is not expected to contain
These features shallinclude: radioactivity.

(a) an elevated surge tank to keep the liigh temperature of the returned cooling
system filled; water causes the standby tefrigerator unit to |

start automatically. Makeup water is supplied
(b) vents provided at all high points in the from the MUWP systern, at the surge tank. Each

system; surge tank has the capacity to replace system
wrter losses for more than 100 days during an

(c) after any system drainage, venting is emergency. The only non safety related portions
assured by personnel training and of the llECW divisions are the chemical addition

Q) procedures; and tank and the piping from the tank to the safety
,-

related valves which isolate the safety related
(d) system valves are slow acting. portions of the system.

(7) The llECW system shall be protected from Also, see Subsection 9.2.17.5 for COL license
failures of high and medium energy lines as information requirements,
discussed in Section 3.6.

9.2.13.3 Safety Evaluation
9.2.13.2 System Description

The llECW system is a Seismic Category 1
The liVAC emergency cooling water system system, protected from flooding and tornado

consists of subsystems in three divisions, missiles. All components of the system are
Division A has one refrigerator and pump and designed to be operable during a loss of normal
Division B and C have two refrigerator units, two power by connection to the ESP buses. See
pumps, instrumentation and distribution piping Tables 8.31 and 8.3 2. Redundant components
and valves to corresponding cooling coils. A are provided to ensure that any single component
chemical addition tank is shared by allllECW failure does not preclude system operation in
divisions. Each IIECW division shares a surge Divisions B and C. The system is designed to
tank with the corresponding division of the RCW meet the requirements of Criterion 19 of
system. The refrigerator capacity is designed to 10CFR50. Each chiller is isolated in a separate
cool the diesel generator zone and electrical r oom,
equipment room in its division.

9.2.13.4 Tests and Inspection
The system is shown in Figgure 9.2 3. The

refrigerators are located in the control building Initial testing of the system includes per-

q as shown in Figures 1.2 20 and 1.2 21. This formance testing of the refrigerators, pumps and |
Q system shares the RCW surge tanks which are in coils for conformance with design capacity water

Amendment 21 9.29
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flows and heat transfer capabilities. An inte+
grity test is performed on the system upon
completion.

The llECW system is designed to permit periodic
in service inspection of all system components to
assure the integrity and capability of the
system.

The llECW system is designed for periodic
pressure and functional testing to assure: (1)
the structural and lenktight integrity by visual
inspection of the components; (2) the operability
and the performance of the active components of
the system; and (3) the opersbility of the system
as a whole.

Local display devices are provided to ludicate
all vital parameters required in testing and
inspections. Standby features are periodically
tested by initiating the transfer sequence during
normal operation.

| The refrigerators are tested in accordance
with ASilRAE Standard 30. The pumps are tested in
accordance with standards of the liydraulic
Institute. ASME Section Vill and TEMA C
standards apply to the heat exchangers. The g
cooling coils are tested in accordance with
ASilR AE Standard 33.

| 9.2.13.5 Instrumentation and Alarins

A regulated supply of makeup water is provided
to add purified water to the surge tanks by water
level controls.

The chilled water pumps are controlled from
| the main control panel. The standby refrigerator

with an interlock which automatically starts the
standby refrigerator and pump upon failure of the
operating unit in Disisions B and C.

The refrigerator units can be controlled
individually from the main control room by a
remote manual switch. Chilled water ter-perature
is controlled by inlet guide vanes on each
chiller refrigerant circuit. Condenser water
flow is controlled by a three way valve to
provide constant inlet condensate water
temperature.

A temperature controller and flow switch
continuously monitor the discharge of each g
Amet jment 21 9.2-9.1
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evaporator. If the temperature of the chilled heat exchanger.

water drops below a specified level, the
controller automatically adjusts the position of 9.2.14.2 System Description
the compressor inlet guide vanes. Flow switches
prohibit the chiller from operating unless there 9.2.14.2.1 General Description
is water flow through both evaporator and
condenser. The TCW system is illustrated on Figure

9.2 6. The system is a single loop system and
9.2,14 Turbine Building CoolingWater System consists of one surge tank, one chemical

addition tank, three pumps with a capacity of
9.2.14.1 Design Itases 15,000 gpm each, three h:at excharggers with heat

removal capacity of 65 x 10 I!tu/h each.
9.2.14.1.1 Safety Design Itases (connected in parallel), and associated coolers,

piping, valves, controls, and instrumentation.
The turbine building cooling water (TCW) lleat is removed from the TCW system and

system serves no safety function and has no transferred to the non safety related turbine
safety design basis service water system (Subsection 9.2.16).

There are no connections between the TCW A TCW system sample is periodically taken
system and any other safety related systems. for analysis to assure that the water quality

meets the chemical specifications.
9.2.14.1.2 Power Generation Design Itases

9.2.14.2.2 Component Description
(1) The TCW system provides corrosion inhibited,

demineralized cooling water to all turbine Codes and standards applicable to the TCW
island auxiliary equipment listed in Table system are listed in Table 3.21. The system is
9.2 11. designed in accordance with quality Group D I

O veciric iie -
(2) During power operation, the TCW system

operates to provide a continuous supply of The chemical addition tank is located in the
cooling water, at a maximum temperature of turbine building in close proximity to the TCW
1050 F, to the turbine island auxiliary system surge tank,
equipment, with a service water inlet

constant speed electric motor driven, horizontal |
The TCW pumps are 50% capacity each and aretemperature not exceeding 95 0 F.

(3) The TCW system is designed to permit the centrifugal pumps. The two pumps are connected
maintenance of any single active component in parallel with common suction and discharge
without interruption of the cooling lines.
function.

The TCW heat exchangers are 50% capacity |
(4) Makeup to the TCW system is designed to each and are designed to have the TCW water

permit continuous system operation with circulated on the shell side and the power cyc!c
design failure leakage and to permit heat sink water circulated on the tube side.
expeditious post maintenance system refill. The surface area is based on normal heat load.

(5) The TCW system is designed to have an The surge tank, which is shared between the
atmospheric surge tank located at the llNCW and TCW systems, is an atmospheric carbon
highest point in the system, steel tank located at the highest point in the

TCW system. The surge tank is provided with a
(6) The TCW system is designed to have a higher level control valve that controls makeup water

pressure than the power cycle heat sink addition.
water to ensure leakage is from the TCW

p system to the power cycle heat sink in the The surge tank is located above the TCW pumps

V event a tube leak occurs in th: TCW system and beat exchangers in the turbine building in a

Amendment 21 9.2 10
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location away from any safety related
components. f ailure of the surge tank will not
affect any safety related systems.

Those parts of the TCW system in the turbine
building are located in areas that do not
contain any safety related systems. All
safety related systems in the turbine building
are located in special areas to prevent any f
damage from non safety related systems during |

iseismic events. Those parts of the TCW system
outside the turbine building are located away |
from any safety related systems.

9.2.11.23 System Operation

During normal operation, two of the
three 50% capacity TCW system pumps circulate

O

O
Amendment 21 9.2-10.1
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corrosion inhibited demineralized water through systems are preoperationally tested in
the shell side of two of the three 50% capacity accordance with the requirements of Chapter 14.
TCW heat exchangers in service. The heat from
the TCW system is rejected to the turbine service The components of the TCW system and
water system which circulates water on the tube associated instrumentation are accessible during
side of the TCW system heat exchangers. plant operation for visual examination.

. .

Periodic inspections during normal operation are
'

!
The standby TCW system pump is automatically made to ensure operability and integrity of the

started on detection of low TCW system pump system. Inspections include measurements of
discharge pressure. The standby TCW system heat cooling water flows, temperatures, pressures,
exchanger is placed in service manually, water quality, corrosion erosion rate, control

positions, and set points to verify the system
The cooling water flow rate to the condition.

electro hydraulic control (EllC) coolers, the
turbine lube oil coolers and aftercoolers, and 9.2.14.5 Instrumentation and Alanas
generator exciter air cooler is regulated by
control valves Control valves in the cooling Pressure and temperature indicators are
water outlet from these units are throttled in provided where required for testing and
response to temperature signals from the fluid balancing the system. Flow indicator taps are
being cooled. provided at strategic points in the system for

initial balancing of the flows and verifying
The flow rate of cooling water to all of the flows during plant operation.

other coolers is manually regulated by individual
throttling valves located on the cooling water Surge tank high and low level and TCW pump
outlet from cach unit, discharge pressure alarms are retransmitted to

the main control room from the TCW local control
The minimum system cooling water temperature panels.

O is maintained by adjusting the TCW system heat
exchanger bypass valve. Makeup flow to the TCW system surge tank is

initiated automatically by low surge tank water
The surge tank provides a reservoir for level and is continued until the normal level is ,

small amounts of leakage from the system and for reestablished,
the expansion and contractior. of the cooling
fluid with changes in the system temperature and Provisions for takiug TCW system water
is connected to the pump st '. ion. samples are included.

Demineralized makeup water to the TCW system 9.2.15 Reactor Service Water System
is controlled automatically by a level control
valve which is actuated by sensing surge tank 9.2.15.1 Portions Within Scope of ABW1t
level. A corrosion inhibiter is manually added Standard Plant .

>

to the system.
Those portions of the reactor service water

9.2.14.3 Safety Evaluation (RSW) system that are within the control
building are in the scope of the ABWR Standard

The TCW system has no safety design bases Plant and are described in Subsections
and serves no safety function, 9.2.15,1,1 through 9.2.15.1.6.

,

9.2.14.4 Tests and Inspections All portions of the RSW system which are
outside the control building are not in the

All major components are tested and -scope of the ABWR Standard Plant,
inspected as separ;te components prior to
lastallation, and as an integrated system after 9.2.15.1.1 Safety Design Bases

installation to ensure design performance. The
O

Amendment 21 9.2-t t
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(1) The reactor senice water (RSW) system
shall be designed in three divisions to g
remove heat from the three divisions of W
the reactor cooling water system which
is required for safe reactor shutdown,
and which also cools those auxillaries
s'.ose operation is desired following a
LOCA, but not essential to safe
shutdown.

(2) The RSW system shall be designed to

O

I O
Amendment 21 9.2 11.1

. -



-. -- - - - - . - - - - . - - - . - - . .

t

! ABWR mamn
' Standard Plant RIN. n

Seismic Category I and ASME Code, applied to cicetrical equipment and ;

Section III, Class 3. Quality Assurance instrumentation and controls as well as to
'

J B, Quality Group C. IEEE 279 and mechanical equipment and piping.):,

IEEE.308 requirements.
,

(1) flooding, spraying or steam release due
,| (3) The RSW system shall be protected from to pipe rupture or equipment failure;

flooding, spraying, steam impingement,
.

pipe whip, Jet forces, missiles,~ fire (2) pipe whip and jet forces resulting from :
and the effect of failure of any postulated pipe rupture of nearby high r

| non. Seismic' Category I equipment, as energy pipes; ,

s

required.> ,

j (3 missiles which result from equipment
] (4) The RSW system shall be designed to meet failure; and

the foregoing design bases during a loss;

j of preferred power. (4) fire, ,

9.2.15.1.2 Power Generation Design Bases Liquid radiation monitors are provided in the
. . .

RCW system. Upon detection of radiation leakage;
i

The RSW system shall be designed to cool the . In_a division of the RCW system, that system is4

reactor building cooling water (RCW) as required isolated by operator action from the control ,
,

durleg: (a) normal operationt (b) emergency room, and the cooling load is met by another
. shutdown; (c) normal shutdown; and (d) testing. division of the RCW system. Consequently,
, *

I radioactive contamination released by the RSW i

. | 9.2.15.13 System Description - system-to the environment does not exceed-
] allowable limits defined by 1CCFR100.

'

The RSW system provides cooling water during .

various operating modes, during shutdown and . System low point dreins and high point ventsj q
(Q post LOCA operations. The system removes heat are provided as reaulted.

from the RCW system and transfers it to the
ultimate heat sink. Figure 9.2 7 shows the RSW
system diagram. Component. descriptions are<

i; provided in Table 9.213.

During all plant operating modes each
= division shall have at least one service water
pump operating. ' Therefore, if a LOCA occurs,
the system is already' in operation. If a loss

; of offsite power occurs during a IDCA, the pumps
'

momentarily stop until transfer to standby;

j diesel generator power is completed.' The pumps -
are restarted automatically ac' cording to the

,

diesel loading sequence. No operator action is';

requited, following a LOCA, to start the RSW =
3

- system in its LOCA operating mode.
.

4

9.2.15.1.4 Safety Evaluation '9.2.15.1.5 lastrumentation and Alarms
i

The components of the RSW system are Locally mounted temperature indleators or

| : separated and protected to the extent necessary test wells are furnished on the equipment
to assure that sufficient equipment remains cooling water. discharge lines-to enable-

p operating to permit shutdown of the unit in the- verification of specified heat removal = during -<

,
NJ event of any of the following (Separation is plant operation.

Amendment 21 9.2 12
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9.2.15.1.6 Tests and Inspections (4) the design features to assure Ihat the
requirements in Subsection 9.2.15.1.1(3) are &

The RSW system is designed for periodic met W
pressure and functional testing to assure:

(5) an analysis of a pipeline break and a single
(1) the structural and leaktight integrity active component failure shall show that

by visible inspection of the components; flooding shall not affect the main control
room or more than one division of the T.SW

(2) the operability and the performance of system,
active components of the system; and

9J.15.2.2 Power Generation Design Bases

(3) the operability of the systela at a (Interface Requirement)
whole.

There are none.
9.2.15.2 Portions Outside the Scope of AllWR
Standard Plant 9.2.15.2.3 System Description (Conceptual

Design)
All Portions of the RSW system which are

outside the contral building are not in the scope The RSW pump house is located at the ultimate
of the ABWR Standard Plant. Subsections heat sink (UllS) which is described in Section
9.2.15.2.1 through 9.2.15.2.6 provide conceptual 9.2.5. i

design of these portions of the RSW system as
required by 10CFR52. The interface requirements The RSW system is able to function during
for this system are part of the design abnormally high or low water levels and steps
certification. are taken to prevent organic fouling that may

degrade system perfo mance. These steps include
The site dependent portions of the RSW system trash racks and provisions for biocide treatment

shall meet nll requirements in Subsections (where discharge is allowed). Where discharge g
9.2.15.1.1 through 9.2.15.1.6 and all following of biocide is not allowed, non biocide treatment
requirements. This subsection provides a will be provided. Thermal backwashing
conceptual design and interface requirements for capability will be provided at any site where
those portions of the RSW system which are site infestations of macrobial growth can occur.
dependent and are a part of the design
certification. 9.2.15.2.4 Safety Evaluation (Interface r

Requiremer ')
9.2.15.2.1 Safety Design Hases (Interface
Requirements) System components and piping materials are

provided to be compatible with the site cooling
The COL applicant shall provide the following water to minimize corrosion. Adequate corrosion

system design features and additionalinformation safety factors are used to assure the integrity
which are site dependent: of the system during the life of the plant.

(1) the temperature increase and pressure drop An analysis shall show that the requirements
across the heat exchangers in Subsections 9.2.15.1.1(3) and 9.2.15.2.1(5)

are met.
(2) the required and available net positive

suction head for the RSW pumps at pump 9.2.15.2.5 Instrumentation and Alarms
suction locations considering anticipated (Interface Requirement)

low water levels
There are none.

(3) the location of the RSW pump house

.

O
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9.2.15.2.6 Tests and Inspections (Interface (3) The TSW system is designed to permit the
Requirements) maintenance of any single active

b component without interruption of the
The tests shall assure, under conditions as cooling function.

close to design as practical, the performance of
the ful" operational sequence that brings the 9.2.16.13 System Description
system into operation for reactor shutdown and
for LOCA, including operating of applicable 9.2.16.13.1 General Description

portions of the reactor protection system and the
transfer between normal and standby power The TSW syst;m is illustrated on Figure
sources. 9.2 8.

9.2.lb Turbine Service Water System The TSW pumps take suction from the power
cycle heat sink and supply cooling water to the

The turbine service water (TSW) system tube side of the TCW heat exchangers. The heat
supplies cooling water to the turbine cooling rejected to the TSW system is discharged to the
water (TCW) system heat exchangers to transfer power cycle heat sink.
heat from the TCW system to the power cycle heat
sink.

9.2.16.1 Portions Within Scope of AllWR Standard
Plant

Those portions of the turbine service water 9.2.16.13.2 Component Description
(TSW) system that are within the turbine building
are in the scope of the ABWR Standard Plant and The TSW system consists of three 50% |
are described in Subsections 9.2.16.1.1 through capacity vertleal wet pit pumps located at thep

d 9.2.16.1.5. Intake structure. One pump is in operation
during normal operation with one pump on

All portions of the TSW system that are st andby.
outside the turbine building are not in the scope
of the ABWR Standard Plant.

9.2.16.1.1 Safety Design llases

The TSW system does not serve or support any
safety function and has no safety design basis.

9.2.16.1.2 Power Generation Design Bases

(1) The TSW system .is designed to remove
heat from the turbine cooling water
(TCW) system heat exchangers and reject The TSW pumps supply cooling water to the
this heat to the power cycle heat sink three TCW heat exchangers (two are normally in
during normal and shutdown conuitions. service and one is on standby).

(2) During normal power operation the TSW A summary of the TCW heat exchangers is
system supplies cooling water to the TCW provided in Table 9.212.
system heat exchangers at a ternperature
not exceeding 100 F. 9.2.16.133 System Operation |

The system normally is started manually from

p the main control room and one pump is operated

O
Amendment 21 9.2 12.2
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continuously during normal power operation All portions of the TSW system that are
conditions. outside the turbine building are not in the g

scope of the AllWH Standard Plant. Subsections W
The standby pump is started automatically in 9.2.16.2.1 through 9.2.16.2.6 provide a

the event the normally operating pump trips or conceptual design of these portions of the TSW
the discharge header pressure drops below a system as required by 10CFR52. The interface
preset limit. requirements for this system are part of the

design certification. i

'

| 9.2.16.1.4 Safety F. valuation
The site dependent portions of the TSW system

The TSW system does not serve or support any shall meet all requirements in Subsections
safety function and has no safety design bases. 9.2.16,1.1 through 9.2.16.1.5 and following 4

The TSW system is not interconnected with any requirements. This subsection provides a j

safety related systems. See Subsection 9.2.17.5 conceptual design and interface requirements for ,

for inte face requirements. those portions of the TSW system which are site |
!dependent and are a part of the design

9.2.16.1.5 Instrumentation Application certification.

Pressure and temperature indleators are 9.2.16.2.1 Safety Design Bases (Interface

provided where required for testing the system. Requirement)

TSW system pump status is indicated in the Therc are none
main control room.

9.2.16.2.2 Power Generation Design liases

TSW system trip is alarmed and the automatic (Interfact Requirements)
startup of the standby pump is annunciated in the
main control room. The COL applicant shall provide the following

system design features and additionalinform- g
liigh differential pressure across the duplex ation which are site dependent.

filters is alarmed in the main control room.
(1) the temperature increase and pressure drop

9.2.16.1.6 Tests and Inspections across the heat exchangers

All major components are tested and inspected (2) the required and available net positive
as separate components prior to installation, and suction head for the TSW pumps at pump
as an integrated system after installation to suction locations considering anticipated
ensure design performance. The systems are low water levels
preoperationally tested in accordance'with the
requirements of Chapter 14. (3) the k> cation of the TSW pump house

The components of the TSW system and 92.163 System Description
associated instrumentation are accessible during _
plant operation for visual examination. Periodic 9.2.163.1 General Description (Conceptual

inspections during normal operation are made to Design)
ensure operability and integrity of the system.
Inspections include measurement of the TSW system Piping and valves in the TSW system are
flow, temperaturcs, pressure., differential carbon or low alloy steel and are protected from
pressures and valve positions to verify the interior corrosion with suitable. corrosion
system condition. resistant material as required by site specific

soil and water conditions.
9.2.162 Portions Outside Scope of ABWR

Standard Plant

O
9.2 t2.3
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9.2.163.2 Coenponent Description (Conceptual !

Iksign)
,

.
.

Three strainers are provided (one for each TSW .

pump). Debris collected in the strainer is
'

automatically stulced to a disposal collection !

!area.
|

9.2.163 3 Safety Evaluation (Interface |
Requittments) }

The COL applicant shall demonstrate that all I
safety related components, systems and structures !

*

are protected from flooding in the event of a
pipeline break in the TSW system.

9.2.163.4 Instrumentation and Alarms
(Interface Requirements)

.

There are none,
,

t

9.2.163J Tests and Inspections (Inte face ;
'

Requiryments)
-]

There are none.
I

O ,

!

- !

,

i

f

f
1

.
..

I
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>

Standard Plant _ - -
nim n

.

9.2.17 COL 1) cense information 9.2.17.3 Nable and Sanitary Water System - |
!O 9.2.17.10ltimate Heat Sink Interface requirements pertaining to the j

potable and sanitary water system are delineated {
Interface requirements pertaining to the in Subsection 9.2.4 as follows:

"

ultimate heat sink are delineated in Subsection _

|
9.2.5 as follows: SubhectlAn ]] Alt

Subsection . 1111t 914.1 Safety, Dedgn Bases -
,

89.2.4.2 Power Generation Des gn ,

'

9.2.5.1 Safety Design Bases Boses

9.2.4.5 Evaluation of Potable and

9.2.5.2 Power Generation Design Lases Sanitary Water System
9.2.4.6 Performrmcc Safety Eval.

9.2.5.6 Evaluation of UHS Performance untion
9.2.4.7 Instrument and Alarms

9.2.5.7 Safety Evaluation 914.8 Tests and Inspections

9.2.17.4 Reactor Senice Water System (Portions915.8 Conformance to Regalatory ~ Outside the Scope of ABWR Standard Plant) !Guide 1.27

9.2.5.9 Instrumentation and Alarms Interface requirements pertaining to the
reactor service water system) portions outside

9.2.5.10 Tests and Inspections the scope of ABWR standard plant) are delineated
in Subsection 9.2.15.2 as follows:

'

'
Subsection _ 331|t -

.O
9.2.15.2.1 Safety Design Bases - !

9115.2.2 Power Generation Design

9.2.17.2 Makeup Water System (Preparation) Bases -
_

-

9115.2.4 Safety Evaluation
laterface requirements pertaining to the 9.2.15.2.5 Instrumentation and Alarms -

makeup water system (Preparation) are delineated 9.2.1516 Tetts and inspections (
in Subsection 9.2.8 as follows:

- 9.2.17.5 Turbine Service Water System (Portions
Subsection ]lt,lt_ Outside the Scope of ABWR Standard Plant)

918.1 Safety Design Bases Interface requirements pertaining to the !

9.2.8.2 Power Generation Design Bases turbine service water system (portions outside _ ,

918.5- Evaluation of Makeup Water - . scope of ABWR standard plant) are delineated in .

| System (Preparation) Perfrom. Subsection 9.2.16.2) as follows:
"

ance
'

92.8.6 Safety Evaluation Subsection .31 tit
918.7 Instrumentation and Alarms- '

9.2.8.8: Tests and laspections 9.2.1611. Safety Design Dases
'

9.2.1612 Power Generation Design
Bases -

9.2.16.2.4 Safety Evaluation
9116.2.5- Instrumentation and Alarms '
9.2.1616; Tests and Inspections

9.2.17.6 _ HECW System COL License informatida
,

Amendment 21 9113
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A.BWR msun
Sl[tadard Plani RI'Q

The COL applicant shall provide for the
following after the refrigerators have been g
procured.

(a) Means shall be pro'/ided for adjusting
refrigerator capacity to chilled water
ouCet teinperature,

(b} Means snall be provided for starting and
stopping the pump and refrigerator on proper
sujuence.

(c) Meenr. shall be provided for reacting to a
loss of electrical power and for auto *
natically restarting of purnps and
refrigsratt.rs when electrical power is
restored.

O

O
Amendment 21 9.2-13.1
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ABM 2mioarii

Standard Plant sum n

TAllLE9.2 3

CAPACITY REQUIREMENTS FOR CONDENSATE STORAGE TANK

[.ggtligg Canacity Reautred

dead space-top of pool 7,900g

(Note 1)
.

normaloperation variation 264,000g i

and reccidng volume foi
plant saattup return wa:ct

minimum storage volume 66,000g

dead space middle of pool - 34,320g -

(Note 1)

water source for 150,480g
- station blackout (Note 2)

dead spac._ tottom of pool 34,320g

(Note 1)

Totat $57,020g . ,

t

NOTE

(1) Tfese values are based on a bottons area of 1,400|
/r

(2) Water for operation of RCIC is-taken frorn the
condensate storage tank and the suppression pool as
described in the EPGs of Appendix 1&4.

O
Amendment 21 9.2 16

-
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Standard Plant niv n

TAllLE 9.2 4a

REAcrOR llUILDING COOLING WATER
DIVISION A

limergency

Normal (tDCA)(Sup.

Operating Mode / Operating Shutdm at 4 Shutdm at 20 110:Startby llot Standby presion Iool

Cw;onents Conditions hours hours (no loss of AC) (kas et AC) et 97 C

ESSEVI1Al, licet th liest Ih IIcat th liest Ih IIcat 110w liest IW

(Note 1)
12.5 1.010 12.5 1.010Emergency the. - - - - - - - -

sel Generator A

24.0 5330 84.7 5,280- - 102.4 5.280 32.8 5.280RilR IIcat - -

thchanger A

8'PC llest 6.6 1,230 6.6 1,230 6.6 1,230 6.6 1,230 66 1.230 9.1 1,230

Pachanger A

Others (euen. 3.1 640 3.4 640 36 640 32 MO 3.9 640 4D 640

tial)(Note 2)

NON-13SEVI1A1,

700 19.1 700 19.7 700RWCU lleat 19.1 700 700 - -- -

thchanger

inside Drywell 5.7 1.410 5.7 1.410 5.7 1,410 5.7 1,410 3.2 1,410 - -

(Note 3)

Others (non- 2.5 440 2.5 440 23 440 23 440 0.8 2(4 0.7 2(4

cuential)
(Note 41

|
! Total Imd 37.0 4,420 120.6 9,700 51.2 9,700 37.1 4,420 70,7 10,530 111.0 8,420

NOTES:

(1) lleat x lh Btu /h, flow x g/m, sums may not be equal due to rounding.

(2) IEECIVrefrigerator, itxvn coolers (FPCpump, RHR, RCIC, SGTS, FCS, CAh!S), RilR motor and seal coolers.

(3) Drynli(A & C) andRIPcoolers.

(4) Instruments and service air coolers: RIVCUpump cooler, CRD pump oil, and RIP Mg scts.

|

|

|

Arnendmen* 21 9117
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.ABWR m6i0orn
*

Standard Plant R17V.D4

J
'

TABLE 9.24b [
b

v REACTOR HUILDING COOLING WATER |>

DIVISION H

Ernergency

Normal (LOCA)(Sup-.

Operating Mode / Operating Shutdown at 4 Shutdown at 20 110: Standby llot Standt>y presion rool

j Components Conditions hours hours (no loss of AC) (loss (d AC) at97 C
'

j
ESSENilAL lleat flow Ilest 110w lleat ikiw liest Ilow .Ileat flow Ileal flow

5 (Note 1)
123 1,010 12J 1,013Emergency Die. - - - - - - -*

j sel Generator B
,

'

24.0 5.280 84.7 $,280102 4 3,280 32.8 3,280RilRllest - -- -

Exchanger il
i

ITC IIcat 6.6 1,230 6.6 1,2% 64 1,230 6.6 1,2.10 6.6 1,230 9.1 1,230 [
lhchanger D

.; Others (essen- 4.9 1860 5.4 1860 SA 1860 4.9 1860 $3 1960 6.3 1860

tial)(Note 2) .'

| NON-ESSENI1AL

RWCU IIcat 19.1 703 700 19.1 700 19.1 700700 - -- -

'

ihchanger i

laside Drywell 3.1 1,230 5.8 1,230 $J 1,230 5.1 1,230 2.3 1,230 - -

(Note 3) '

Othen (non- 2.6 700 1A 700 1A 700 1.4 700 0.3 40 40-

'

essential)

(Note 4) .
.

TotalInad 38.3 5,720 121.6 11,000 $13 11,000 37.1 5,720 703 11,350 112.6 .9,530
,

,

NOTES:
,

0
(1) Heat x 10 Bru/h;jlowx g/m, sums may not be equal due to rounding.

. (2) HECM' refrigerator, room coolers (FPCpump, RHR, HPCS, SGTS, FCS, CAMS), HPCS andRHR motor . .

andmechanicalsealcoolers.

_ (3) Drywell(B)andRIPcoolers. '

_

$

. (4) Reactor Building sampling coolers; LCW sump coolers (in drywell and reactor building), RIP
MG sets and RWCUpump coolers,.

,

O ;

Amendment 21 9.2-18
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ABWR m6iman

Standant Plani ntv ti

TAllLE 9.2 4c

REACTOR liUILDING COOLING WA'IER

DIVISION C

Dnergency

Normat (IDCA)(Sup-

Operating Mode / Operating shutdown at 4 Shutown at 20 110: Standby llot StanJby presskin Pool

Com1onents Conditions hours uaurs (no kas of AC) (kas of AC) at 97 C

IMPNI1AL liest ik= Ileat ikw Ilest 11cw Ileat ikw Iltat ikw Ilest ik=

(Note 1)
123 1.010 is,5 1,010timergency Die. - - - - - - -

sel Generator 11

24.0 3,280 84.7 5,290
|102.4 3,280 32.8 3,280R11R Ileat - -- -

11mchanger D

Others (essen- 5.8 2,780 6.3 2.780 6.3 2,780 3.8 2,780 $.8 2,780 6.9 2,780

tul)(Note 2)
1

|

NON-11SSEIN11AL

Others (non- 19.4 1,860 18.2 1,860 7.0 1,860 19.4 1,860 0.5 220 0.7 220

escnuen

(Note 4)

O'
Totallnad 25.2 4.640 126.9 9,920 46 1 9,920 25.2 4,640 42.8 9,290 1 68.8 9.290

NOTES:

0
(1) Heat x 10 Bru/h;flowxg/m, sums may not be equaldue to rounding

(2) HEClf' refrigerator, room coolers motor coolers, and mechanical seal coolers for RHR and
HPCF.

(3) instrument and service air coolers, CRD pump oil cooler, radwaste componenn, HSCR
condenser, and turbine building sampling coolers,

9
Amendment 21 9.2-19

..



ABWR 2 mien
alw. nStandard Plant

TAHLE 9.2 4d

DESIGN CilARACTERISTICS FOR RIMCTOR
BUILDING COOLING WATER SYSTEM COMPONENTS

RCW Pumps (Two per dMsion)
RCW (A1/(B) RCW (C)

Discharge Flow Rate 6,250 gpm/ pump 5,450 gpm/ pump

Pump TotalIIcad 82 psig 75 psig

Design Pressure 200 psig 200 psig

Design Temperature 158 F 158"F

RCW lleat Exchangers (Three per division)
RCW (AT/(B) RCW (C)

6 6
Capacity (for each 45x10 BTU /h 42x10 BTU /h
heat exchanger)

RCW Surge Tanks

O
Capacity Equal to 30 days of normalleakage

Design Pressure Static Ilead <

Design Temperature 158 F

RCW Chemical Addition Tanks

Design Pressure 200 psig.

Design Temperature 158"F

RCW Piping

Design Pressure 200 psig

DesN,n Temperature 158 F

9

n -

%J

Amendment 21
9.2 19.1 ,
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ABWR m6imn
'

Standard Plant Rev. n

TABLE 9.2 6
,

HVAC NORMAL COOLING WATER SYSTEM COMPONENT DESCRitTIONJ

HNCW Chillers

Type Centrifugal hermetic

Ouantity 5 (including one standby unit) ,

6
Cooling Capacity 8.93 x 10 BTL; ach

!Unilled water flow per unit 1,980 g/m

Supply temperature 44.6 F

Condenser water flow per unit 1,840 g/m |

Supply temperature 95"F

Control . Inlet guide vane

Condenser Shell and tube |

Evaporator Shell and tube
,

O
HNCW Water Pumns t

,

Quantity 5 (including one standby unit)

Type Centrifugal, horizontal

Capacity (gpm) each ' 1,980 i

Total discharge head 71 psi

!

>

9122Amendment 21 -.

.
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! ABWR. muun
Si&D ard Plant sum nd!

: TABLE 9.2 7

HVAC NORMAL COOLING WATER LOADS.

;

Name of Area or Unit During Norinal Operation During Refueling Shutdown
;

Capacity Wm Capacity We;

i Ng/h a spm Hg/h a spas

10 10

| Reactor Building

1)rywellCoolers(2of 3) 0.92 306 0.75 306
,

RIP Coolers 1.66 9 2.90 459'

Others (Note 1) 10.40 $77 17.69 2,801i

1

Turbine Building 2.14 192 1.08 172

(Note 2)
,

I' Radwaste Building 5.42 358 6.45 1,023 e

!

(Note 4)
.

Service Building 3.47 770 3.47 770

Others 4.37 633 3.38 633 j

j- (Note 5)

g-|Total 28.4 2,928 35.7. 6,164

(Note 6)
'

,

N072S:

(1) Loads include reactor / turbine building supply units.
_

(2) Loads are the offgas cooler condenser (normal operation only) and the electrical equipment
supply unit.

(3) Deleted

(4) Loads included are the radweste building supply unit and the radwaste building electrical
-equipment room supply unit.

($) Loads include HVH units notpreviously included.

b
(6) The HNCW chillers are 8.93 x 10 BTU /h each and the pumps 1,980 gpm each. Thus, four . |

HNCWpumps have total capacity in excess of the amount required as shown in the last
column of the table

_
_

O.
,

Amendment 21 9.2-13 _ _
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ABWR maawi
Standard Plant umn

TAHLE 9.2-8
_

HECW SYSTEM COMPONENT DESCRIPTION

HECW Chlliers

Type Centrifugal hermelle

Ouantity 5

6
Capadty(tefrigeration) five 2.3 x 10 BTU /h each

Chilled water pump flow live 250 gpm each

Supply temperature 44.6"F

Condent.cr water flow five 564 gpm each

Supply temperature (max.) 95"P

Condenser Shell and tube

Evaporator Shell and tube

O

HECW Water Pumns

0"wtity 5 256 gpm each

-Type Centrifugal, h(,rizontal

,

.

Amendment 21 9.2-24 =
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ABWR 2aam4u
Standard Plan! RITV. H

TABLE 9.2 9

HVAC EMERGE %Y COOLING WATER SYSTEM IIEAT LOADS

NORhlAL Eh1ERGENCY
lleat Chilled IIcat Chilled

leag Water Img Water
(x10 Flow (x10 Flow

DIVISION SYSTEh! BTU /h) (gpm) BTU /h (gpm)

A diesel generator 0.83 62 0.83 62

zone (A)

co irof building 1.19 88 1.19 88

elect er,.

rwm (A)

Totai 2.02 150 2.02 150

B cain control room 135 113 1.25 1M

dicsci generator 0.86 64 0.86 64

zone (B)

g.antrof bldg. 1.19 88 1.19 88
elect. eq.

room (B)

Total 3.4 265 33 256

I
'

C main control 135 113 12.5 IM
room

diesel generator 0.86 64 0.86 M
zone (c)

, control bldg. 1.19 88 1.19 88
I elect. eq.

oom (C)

Total 3.40 265 330 256
|

O
Amendment 21 9.2-25
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Standard Plant REV. D

}] Table 9.210

HVAC EMERGENCY COOLING WATER SYSTEM !

ACTIVE FAILURE ANALYSIS
'

a

J

Failure of diesel generator to- Loss of one refrigerator and
start or failure of all power to a - pump in Division B en C would .|
single Class 1E power system bus not- permit sending ' chilled

_

: water to the main control room
from th'e affected division,

The other HECW division would-

. send chilled water to the main
control room .whleh would

' -iaaintain adequate cooling, In
- Division A, loss of either the : -

,

refrigerator or the pump would -
result in loss of cooling water :1

flow to Division A essential
'

1.

electrical equipment room and
-diesel . generator Zone- A,
Cooling of main control room,

' not affected.

Failure of -a ut o p u m p. or Same analysis as above -

O rerris r ter is i
.

Failure of a singic ~11ECW Same analysis as above
,

refrigerator<

Failure of a single HECW pump Same analysis as above

I Failure of IIECW pump and Same analysis as above

J. - refrigerator room cooling

!

i.

!

|

O.

Amendment 21 9.2-25a
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'

Standard Plant RIN. D

TABLE 9.211 O; '

TURHINE HUILDING COOLING WATER SYSTEM HEAT LOADS -
!
)

The TCW system removes heat from the following components,
!

e HVAC normal cooling water chillers ' i

!
i

generator stator coolers, hydrogen coolers,' scal oil coolers, exciter coolers and
'

e
breaker coolers

e turbinelube coolers |

e mechanical vacuum pump coolers

iso phase bus coolers )e

electro-hydraulic control coolers
.

e

reactor feed pump variable speed motor coolers and motor thyristor coolerse

standby reactor feed pump motor coolerse

condensate punp motor coolerse

e heater drain pump motor coolers g

.

i

,

,

O
Amendment 7 9.2-25b

.
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,

Table 9.212

O-
SUMMARY OF TURBINE COOLING WATER SYSTEM HEAT EXCIIANGERS -'

Equipment . Number
Description _ - /In Use -

,

Plant Chillers- 5/4,

Gen stators coolers - 2/1.

Gen 112 coolers - -2/2
__ /2i Gen H2 seal oil cooler - 4

Gen exciter cooler 1/1-

Gen breaker cooler 1/1*

|- Turbine lube oil coolers 2/1
, Mech vacuum pump cooler _1/1

} 1mlated phase bus cooler -- ~ 1/1 -
Air compress & aftercooler '3/3
EHC coolers 2/1
RFP variable speed motor coolers 2/2
RFP motor thyrister coolers 2/2

|| Standby RFP motor coolers 1/0- -

; Condensate pump motor coolers 4/3
Ileater drain pumpo coolers 2/2

s

O
,

I

:

.

|-

t

1

i

4

' Amendment 11 9.2 25c
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Table 9,213

-- '

REACTOR SERVICE WATER SYSTEM -

RSW Pumps (Two per division)

Discharge Flow Rate, per pump 7,920 gpm

Pump Total Head 50 psi
i

Design Pressure 115 psi

Design Temperature 122 F

RSW Piping and Valves . ,

Design Pressure 155 psi'

Design Temperature 122 F

O

,

.

$

-i
;

:
+

>

t
,

O|'

Amendment 21 -9.2-25d ;
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Standard Plant - nev. n

Table 9.214

- POTABLE AND SANITARY WATER SYSTEM COMPONENTS

(Interface Requirements)

All Tanks are vertical, cylindrical type except where noted. All water pumps are horizontal,
centrifugal and single stage. All chemical feed pumps are positive displacement diaphram type.

Component MQor Design Features

Potable Water Storage Tank
Capacity 6,000 gallons

Potable Water Pump
Quantity two:
Capacity 100 gpm each

Head 250 feet

flypochlorinator Pump
Capacity . 2,5 gph

Head 125 psi .

Hypochlorite Tank
Capacity 50 gallons

Hydropneumatic Pressure Tank;

. [] . Typ:: Horizontal, cyiindrical -
I Capacity 4,000 gallons

Design pressure 150 psig'

; Air Compressor
Type Piston, single-stage

Capacity 6 scfm
Discharge pressure 120 psig

Comminutor
Type Revohing vertically-slooted

drum

'
Aeration Tank

Quantity two*

Volume 900 cub ~.. |cet cach

Clarifier
Quantity one large, two small-

Volume 675 cubic feet,240 cubic
feet each-

%) i)
(

Amendment 2t 9.2-25e ,

!
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Standard Plant Rev 11

Table 9.214 .

hPOTABLE AND SANITARY WATER SYSTEM COMPONENTS (Continued)

- (Interface Requirements)

- Component Mador Design Features

11ypochlorite Contact Tank
Volume 150 cubic feet

Aerobic Digester
Quantity two
Volume 900 cubic feet each

Air Blower
Quantity three
Capacity 12 scfm each

Froth Spray Pump
Capacity 25 gpm
11ead 100 feet

I

11ypochlorite Feed Pump
Capacity 6 gph
IIcad 100 feet -

911ypochlorite Tank
Capacity 100 gallons

Amendment 21 9.2-25f

_ _
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Table 9.215

(}- MAKEUP WATER PREPARATION SYSTEM COMPONENT

(Interface Requirements)-

! All Tanks are vertical, cylindrical type. All water pumps are horizontal, centrifugal and single stage
_

j - except the RO feed pumps. All chemical feed pumps are positive displacement, diaphram type.
1

Component M4er Design Features
.

Well
Capacity at least 2,000 gpm

'

WellWater Tank
i Capacity 10,000 gallons

j WellWater Pumps
Quantity two

,
Capacity 1,000 gpm

Filters
Quantity- two

L Capacity 1,000 gpm each

Type Pressure type, dual media -
,

Filtered Water Storage Tank - 1

O c recitr ao.ooo 8 iiens

backwash Pumps
Quantity two--

Capacity 2,000 gpm each -

Head 90 feet

RO Feed Pumps
Quantity four
Type

'

_ Horizontal, multistage -
Capacity 200 gpm
Head - 400 to 500 psig'

RO First Passo

Quantity - two
Type 2 to 1 array of thin film composite ,

membrancs
Capacity 300 gpm permeate cach with

25% rejection

' RO Second Pass
Quantity. two

F Type 1 to 1 array of thin film composite membranes
Capacity 200 gpm permeate cach with 33% rejection

,O -
-g

Amendment 21 9.2-25g'
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Table 9.215

MAKEUP WATER PREPARATION SYSTEM COMPONENT (Continued)

(Interface Requirements)

Con.ponent MWor Design Features

RO Permeate Storage Tank
Capacity

~

5,000 gallons

RO Permeate Feed Pumps
Capacity 5,000 gallons

Demine:41izer Feed Pumps
Quanitity four
Capacity 100 gpm each

licad 230 feet

Demineralizers
Quanitity six

Capacity 100 gpm each

Resin 40 cubic feet of1:2

cation / anion resin each

Demineralized Water Storage Tanks
Quanitiy -two
Capacity 100,000 gallons each g.

Demineralized Water Forwarding
Pumps

Quanitity three
Capacity 200 gpm each

Chemical Feed Tank (NaHMP)
Capacity ' 200 gallons

Chemical Feed Pump (NaHMP)
Quanitity two-
Capacity 10 gph each -

Chemical Feed Tank (NaOH)'
Capacity 400 gallons

Chemical Feed Pump (NaOH)
Quanitity four (three normally operating

with one spare)
'

:

Capacity _ ' 10 gph each :

Amendment 21 9.2-25h
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ABWR mswar
- Standard Plant ' n,v n

T-- . Table 9.216 -
:
2.. -

i TURBINE SERVICE WATER SYSTEM
,

i- - (Interface Requirement)

TSW Pumps (Three 50% pumps)
_,

f' . Discharge Flow Rate ._15,000 gpm per pump

Pump Total Head 28 psig
Design Pressure 85 gig
Design Temperature 104 F

;
. , .

} TSW Piping and Valves
Design Pressure 85 gig*

Design Temperature ' 104 F

!.
,

.

i

,

$
3

O
~

4

J.

t'

$

!
;

5-
4

I

d

a

id

j..

|

.

u
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9.3,9 Hydrogen Water Chemistry System monitor the oxygen levels in the offgas system, the
feedwater system, the lower plenum region and the

_

93.9.1 Design Bases . CUW inlet, hydrogen and pH levels in the feedwater
system, the lower plenum region and the CUW inlet,

93.9.1.2 Safety Design Basis and crack growth of pre cracked samples in water
from the lower plenum region.

The hydrogen water chemistry (HWC) system - o

is non-nuclear, non-r.afety related and is required to - The hydrogen supply system will be site
be safe and reliable, consistent with the requirement = dependent. Hydrogen can be supplied either as a-
of using hydrogen gas. The hydrogen pipir.g la the high pressure gas or as a cryogenic liquid. Hydrogen
turbine building shall be designed to Seismic and oxygen can also be generated on site by the
Category I requirements to comply with BTP 9.5-1. dissociation of water by electrolysis.- Thn HWC

hydrogen supply system is integratej with the
93.9.1.2 Power Generation Desl n Bash generator hydrogen supply system to ssve the cost of6

having separate gas storage facilities for both systems.
BWR reactor coolant is demineralized water,

typically containing 100 to 200 parts per billion (ppb) The _ oxygen supply system will be site
dissolved oxygen from the radiolytic decomposition dependent. A single oxygen supply system could be
of water. To mitigate the potential for intergranular provided to meet the requirements of HWC system -
stress corrosion cracking (IGSCC) of sensitized . and the condensate oxygen injection system described
austenitic stainless steels, the dissolved oxygen in the in Subsection 93.10,

reactor water can be reduced to less than 20 ppb by-
the addition of hydrogen to the feedwater. The. 93.93 Safety Evaluation
amount of hydrogen required is in the range of 1.0 to-
1.5 ppm. The exact amount required depends on- The operation of the HCS is not necessary to
many factors including incore recirculation rates. assure:
The amount required will be determined by tests

_ O e <re<-ca antine the initi i erer tien er the ri nt. (1) T h int 8 itr erih r cie< ceei nt P -

boundary, -
The concentration of hydrogen and oxygen in

the main steam line and eventually in the main (2) The capability to shut down the reactor; or
condenser is altered in this process. This leaves an
excess of hydrogen in the main condenser that would (3) The capability to prevent or mitigate the
not have equivalent oxygen to combine with in the consequences of events which could result in,

offgas system. To maintain the offgas system near its potential offsite exposures.
normal operating characteristics, a flow rate of
oxygen equal to approximately one-half the injected The HWC system is used, along with other
hydrogen flow rate is injected iu the offgas system ' measures, to reduce the likelihood of corrosion
upstream of the recombiner - failures which would adversely affect plant availability.

The means of storing and handling hydrogen and
The HWC system utilizes the guidelines given oxygen shall utilize the guidelines in EPRI

in EPRI report NP 5283-SR A," Guidelines for NP 5283-SR A," Guidelines for Permanent BWR
- Permanent BWR Hydrogen Water Chemistry - Hydrogen Water Cheritry Installations".
Installation * and EPRI report NP 4947 SR,"BWR
Hydrogen Water Chemistry Guidelines: 1987 93.9.4 Inspection and Testing Requirements
Revision," October 1988.

~

The HWC system is proved operable during the4
.

initialoperation of the plant. During a refueling or93.9.2 System Description -

. _

maintenance outage, hydrogen injection is not
The HWC system, illustrated in Figure 93-8, is required. System maintenance or testing can be

composed of hydrogen and oxygen supply systems, performed during such periods.
systems to inject hydrogen in the feedwater and

(- oxygen in the offgas and subsystems to monitor the
effectiveness of the HWCS system. These systems

Amendment 21 9.3-12
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93.9.5 Instrumentation and C9ntrols (5) Sensors for measuring dissohrd oxygen content.

Ar:omatic control features in the HWC system (6) Sensors for measuring pil and dissolved
minimize the need for operator attention and hydro 6en.

improve performance. These are:
(7) A system for verifying the effectiveness of HWC

(1) Automatic variation of hydrogen and oxygen flow by measuring electrochemical potential (ECP)
rates with reactor power level. and crack gromh rate.

(2) Automatic oxygen injection rate change delay. 93.10 Oxygen injection System
This function is also augmented as a function of
reactor power level 93.10.1 Design Bases

(3) Automatic shutdown on several alar.ns. The oxygen injection system is designed to add
sufficient oxygen to the Condensate System to

(4) Isolation on system power loss, operator restart. suppress corrosion and corrcM n product release in
the condensate and feedwater systems. Experience

(5)Reprogrammable alarms and controller has shown that the preferred feedwater oxygen
electronics. concentration is 20 to 50 ppb. Dr - 3 shutdon and

startup operation the fee ' .ater oxygen
(6) Hydrogen and oxygen flow monitor correction concentration is usually much above the 20 to 50 ppb

function to compensate for nonlinearities. range. However, during power operation, deacration
in the main condenser may reduce the condensate

The recommended trips of the oxygen and oxygen concentration below 20 ppb, thus, requiring |
hydrogen injection systems include: that some oxygen be added. The amount required is

up to approximately 5 cubic feet per hour, p
(1) Reactor scram

93.10.2 Sptem Description
(2) Low or high residual oxygen in the off-gas

The oxygen supply consists of high pressure gas
(3) High area hydrogen concentrction cylinders. The oxygen injection system shall use the

guidelines for gaseous oxygen injection systems in
(4) Low oxygen injection system supply pressure EPRI report NP 5283-SR-A," Guidelines for Per-

menent Hydrogen Water Chemistry Installations -
(5) High hydrogen flow 1987 Revision," September 1987. A condensate

oxygen injection module is provided with pressure
The instrumentation provided includes: regulators and associated piping, vahes, and controls

to depressurize the gaseous oxygen and route it to
(1) Flow monitors for measurement of hydrogen and the condensate injection modules. There are check

oxygen flow rates. valves and isolation valves between the condensate
injection modules and the condensate lines upstream

(2) Hydrogen area monitor sensors to detect any of the filters,

hydrogen to the atmosphere.
The flow regulating valves in this systerr are

(3) Pressure gages for measurement of hydrogen and operated from the main control room. The oxygen
oxygen supply pressures and instrument air concentration in the condensate /feedwater system is

pressure. monitored by analyzers in the sampling system
(Subsection 9.3.2). An operator will make changes

(4) An oxygen analyzer for measuring the percent in the oxygen injection rate in response to changes in

oxygen leaving the offgas recombiner. the condensate /feedwater concentration. An
automatic control system is not required because
instantaneous changes in oxygen injection rate are
not required.

O
9 3-13Amendment 21
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93.103 Safety Evaluatin injection system may be added la.e in plant life. The
amount of rine in the teactor water will be less than

The oxygen injection system is not required to 10 ppb during nornal opercation.'

assure any of the following conditions.

(1) integrity of the reactor coolant pressure
boundary, 93.11.2 Safety Evaluation

(2) capability Io shut dos.n the reactor and The injection system is not necessary to ensure:
maintain it in a safe shutdown condition, or

(1) the integrity of the reactor coolant pressure
(')) ability to prevent or mitigate the consequences boundary;

of events which codd result in potential e fsi'er

exposures. (2) the capability to shut down the reactor; or

Consequently, the injection system itself is not (3) the capability to prevent or mitigate the
safety related. The high pressure oxygen storage consequences of events which could result in
bottles are located in an area in which large amounts potential offsite exposures,
of burnable materials are not present. Usual safe
practices for handling high pressure gases are
followed.

3 93.10A Tests and Inspections
N 93.113 Test and Inspections

The oxygen injection system is prov:d operable
by its use during normal operation. The system The zine injection system is proved operable
valves may be tested to ensure operability from the after installation. Zine injection would not beg) main controt room, performed when the plant is in cold shutdown.i

" Durirg these periods, the system could have
93.10.5 Instrumentation Application maintenance or testing performed.

The oxygen storage bottles have pressure gages 93.11A Instrumentation
which willindicate to the operators when a new
bottle is required. A flow element willindicate the Instrumentation would be nrovided so that the
oxygen gas flow rate at all times. The gas flow injection of zine solution would be stopped
regulating valves will have position indication in the automatically if feedwater flow stops. The zine
main control room. injection rate would be manually adjusted based on

zinc concentration data in the reactor water.
The oxygen monitors are discussed in

Subsection 93.2.

93.11 Zlne Injection System

93.11.1 Design Bases

Provisions are made to permit installation of a

3 system for adding a zine solution to the feedwater.
M Piping connections (Figure 10.4-7) for a bypass loop

around the feedwater pumps and space (Figure
1.2-25) for the zine addition equipment are provided.
If experience shows it to be necessary, a zinc

,.,..

%)
Amendment 16 93-111
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9.3.12 Interfaces

| 9.3.12.1 Radioactive Drain Transfer System
Collection Piping

The applicant referencing the ABWR design will-
provide equipment and floor drain piping P&lDs as
a part of the radioactive drain transfer system. This
piping will be provided with the following features:

(1) These piping systems shall be non-nuclear safety

|
class and quality Genup D with the exception of
any containment ;v actrations or piping within
the drywell which shall be Seismic Category I and
quality Group B.

!

(2) The floor drain piping system shall be arranged
with a separate piping system for each quadran!
The piping shall be arranged so that flooding or
backflow in one quadrant cannot adversely affect
the other quadrants.

(3) There shall be no interconnection between any
portion of the radioactive drain transfer system
and any non radioactive waste system.

(4) Effluent from non radioactive systems shall be
monitored prior to discharge to assure that there g
are no unacceptable discharges.

See Subsection 93.8.2 for information concerning
the remainder of the radioactive drain transfer
system.

|

|

Amendraent 21
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9A AIR CONDITIONING (3) The outside design conditions for the control

O HEATING, COOLING AND toom HVAC system are 115 F during the,

VENTILNiION SYSTEMS summer u.J -43 F during the winter.

9.4.1 Control Building HVAC 9.4.1.1.3 System Description>

The control building heating, ventilating and The control room is heated, cooled and pressurized

air-conditioning (HVAC) system is divided into two by a recirculated air system with filtered outdoor air
;

separate systems. A HVAC system for the control for ventilation and pressurization purposes. The
room equipment on the top two floors. Plus a recirculated air and the outdoor air will be mixed and
HVAC system for essential electrical and heat ex- drawn through a filter section, a heating coil section,

i hanger equipment. and a cooling coil section. Under normal conditions,..

sufficient air is supplied to pressurize the control room

9.4.1.1 Control Room Equipment HVAC and exfiltrate to pressurize the control building.
4

9.4.1.1.1 Design Basis The control building HVAC P&lD is shown in

|
Figure 9.4-1. The control room flow rate is given in

(1) The control room (HVAC) system is designed Table 9.4-3, and the system component descriptions
with sufficient redundancy to ensure operation are given in Table 9.4 4. The control building

~

under emergency conditions assuming the recirculation unit consists of a medium grade bag g
,

single failure of any one active component, filter, a heating coil, cooling coil, two 100% capacity | p'

'
supply fans.

(2) Provisions are made in the system to detect and -
limit the introduction of airborne radioactive
materialin the control room. Two 100% capacity return exhaust fans draw air

from the electrical area, corridors, control room,
(3) Provisions is made in the system to detect and computer room, office areas, and the HVAC equip-

O remove smoke and radioactive material from ment room. This air is returned to the air condition-*>

the control room, ing unit during normal operations. Modulating damp-
ers in the return duct work to the fans are controlled

(4) The HVAC system is designed to provide a by a pressure controller to maintain the required
controlled temperature environment to ensure positive pressure. The controller is located in the
the continued operation of safety-reir-d equip- electrical equipment area.

ment under accident conditions.

(5) The HVAC system and components are 10-
| cated in the Seismic Category I control building An emergency recirculation system consisting of an

structure that is tornado missile and flood electrical heating coil, a prefilter, HEPA filter, char-
protected, coal adsorber, a HEPA filter, and two 100% capacity

booster fans which are provided in parallel to the

g (6) Tornado missle barriers are provided for intake normal mixed outdoor and return air pat' '.o the

R and exhaust structures. supply conditioning units. The charcoal adsorber will
be 2 inches deep as a minimum. The system is"

9.4.1.1.2 Power Generation Design Basis normally on inndby for use only during high radiation.
A radioactivity monitoring system monitors the

(1) The HVAC system is designed to provide an building intakes for radiation. The radiation monitor
environment with controlled temperature and allows the cintrol room operator to select the safest
humidity to ensure both the comfort and safety intake. The raakeup air for pressurization can be
of the operators. The nominal design condi- diverted through the I EPA and charcoal adsorbing

tions for the control room environment are system before distribution in the control room areas.
75 F and 50% relative humidity.

Smoke detectors in the control room and the con-
(2) The system is designed to permit periodic in- trol equipment room exhaust systems actuate an

spection of the principal system components. fs
!

|
9.4-1Amendment 21
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alarm on indication of smoke, to freering, icing, or other emironmental conditions, j

On smoke in a division of the MCR llVAC, that

The llVAC cquipment space is physically sepa- division of the llVAC system is put into smoke
rsted into divisional rooms. Each divisional room removal mode. For smoke removal, the exhaust fan is ;

consists of an air intake room and an air exhaust stopped, the recirculation duct vahe is closed, and the
fan bypass valve is opened. Either division of MC.1room, ,

ilVAC can is used as a smoke removal system. !

9.4.1.1.4 Safety Evaluation
9.4.1.1J Inspection and Testing Requirements

,

The control building IIVAC system is designed to
maintain a habitable emironment and to ensure the Provisions are made for periodic tests of the out-
operability of components in the control room. All door air cleanup fans and filters. These tests include
contrcl room IIVAC equipment and surrounding determinations of differential piessure across the filter
structures are of Seismic Category I design and oper- and of filter efficiency. Connection for testing, such
able during loss of the offsite power supply, as injection, sampling and monitoring are properly

located so that test results ar:InJicative of per.
The ductwork which services these safety functions formance,

is termed ESP ductwork, and is of Seismic Category
I design. ESF ducting is high pressure safety grade The high efficiency particulate air (llEPA) filters
ductwork designed to withstand the maximum posi- may be tested periodically with dioctyl phthalate
tive and/or negative pressure to which it can be sub. - smoke (DOP). The charcoal filters may be periodi-
jected under normal or abnormal conditions. Galva- cally tested with freon for bypasses,
nized steel AS'iM A526 or ASTM A527 is used for
outdoor air intake and exhaust ducts. All other ducts The balane A the system is prmen operable by its
are welded black steel ASTM A570, Grade A or use during normal plant operation. Portions of the
Grade D. Ductwork and hangers are Selsmic Cate- system normally closed to flow can be tested to ensure
gory I. Bolted flange and welded joints are qualified operability and integrity of the system.
per ERDA 76 21.

| Redundant and independent components sre pro-
vided where necessary to ensure that a single failure The area exhaust fan is started manually and the fan"

will not preclude adequate control room ventilation. discharges the air to atmosphere.

A radiation monitoring system is provided to -A high radiation signal automatically starts the out-
detect high radiation in the outside alt intake ducts. door air cleanup system, closes the normal air inlet
A radiation monitor is prmided in the control room damper and closes 12 * cxhaust air dampers.
to c'oe.itor comrol room area radiation levels. These
monitors alarm in the control room upon detection A temperature indWing c moller senses the tem-
of high radiation conditions, Isolation of the control perature of the air t wmg t% ainteanup system. The
room and initiation of the outdoor air cleanup unit controller then mu&tes au entric hesting coil to
fans are accomplished by the following signala: maintain the leaving air temperature at a preset limit.

A limit switch will caust aa alarm to be actu ated *
(1) high radiation in the inside air intake duct, high air temperature. A moisture sensing eleme .

and working in conjunction with the tempereture controller
measures the relative humidity of the air ei.tering the

(2) manualisclation, charcoal absorber.

Under normal conditions, sufficient air is supplied Differential pressure indicators show the pre 35ure
to pressurize the control room and exfiltrate to pres. drop across the prefilters and the HEPA filters. A
surire the control building. differential pressure indicating switch also mea;ures

the pressure drop across the entire filter train. The
The safety-related isolation valves at the outside air - switch causes an alstm to be actuated if the pressure

intakes are protected from becoming inoperable duc drop exceeds a preset limit. A flow switch in the out- g
Amendment 21 9.4-1,1
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door air cleanup system fan discharge duct automati- the heater and demisters. The heaters and demisters
cally starts the standby system and initiates an alarm are put into systems to regulate the relative humidity

on operating fan failure. of the air as it enters the ESF filter train. Since the
,

control room air. handling units are designed to
The electrical equipment area and the control maintain the control room temperature and humidity

room area return exhaust fans start automatically within limits, additional controls are not necessary for

when the alt-conditioning unit is started. Each fan the ESF filter train,

inlet damper is open automalleally. The exhaust
dampers to the conditioning unit are opened 9.4.1.1J Standard Rnlew l>lan 6.5.1 Compliance

automatscally. Status

Differential pressure indicating controllers The control room ESF system complies with SRP

modulate dampers in the return air ducts to maintain 6.5.1, Tab!c 6.5.1 1. The o . exceptions are for heater

space positive pressure requirements. and moisture separator instrumentation requirements.
Since these components are not neecssary for the
AUWR design, no instrumentation has been supplied
to monitor their operation. Relative humidity and
temperature of the inlet air is maintained by the
control room air bandling system.

9.4.1.2 Essential Electrical and Reactor flullding
Cooling Water Equipment IIVAC

9.4.1.2.1 Design Basis

The cooling unit starts automatically on a signal
from the temperature indicating controller installed (1) The 11VAC system is designed with sofficient
in the IIVAC room. The controller modulates a redundancy to ensure operai an under,

) three-way chilled water valve to maintain the space emergency conditions assuming the failure of
conditions. any one active component.

During winter, the electric unit heaters are cycled (2) The llVAC system is designed to provide a
by ternperature indicating controller switches, controlled temperature environment to ensure
located within the filter rooms and the air handler the continued operation of safety related

equipment under accident conditions.rooms.

Be supply and return air duct work has manual (3) The llVAC system and components are located
balancing dampers provided in the branch ducts for in a Seismic Category I structure that is
balancing purposes. The dampers are locked in tornado-missle and floo.1 protected.

,

place after the system is balanced.t

(4) Tornado missle barriers provided for intake and g
9.4.1.1.7 Regulatory Guide 1.52 Compilance Status exhaust structures, g

The control room ESP filter trains comply with 9.4.1.2.2 Power Generation Design nasts

all applicable provisions of Regulatory Guide 1.52,
Section C except as noted below. (1) The llVAC system is designed to provide an

! cmironment with controlled temperature during

The revisions of ANSI N509 and N510 listed in normal operation to ensure the comfort and
i Table 1.8 21 ere used for ABWR ESF fliter train safety of plant personnel and the integrity of the

| design; the Regulatory Guide references older essential electrical and RCW equipment.

revisions of these standards.
(2) The system is designed to facilitate periodic

| The controf rcom ESF filter trains are in inspection of the principal system components.

| p compliance with the system design criteria except for

| G
9.4-1.2'
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(3) Design outside air temperature for the heat
exchanger building IIVAC system are 115"F g

Wd' iring the summer and .40 F during winter.

9.4.1.2.3 System Description

The essential electrical llVAC system is divided
g |into 3 independent subsystems with each subsystemg

serving a designated area. Each Subsystem serve as'

essential electrical heat ennanger equipment ilVAC
| for Divisions A, D, C, and D.

The control building essential cletricallIVAC
system flow rates are given in Table 9.4 3, and
system component descriptions are given in Table
9.4-4.

9.4.1.2.3.1 Safety Related Subsystem 1

Subsystem i specifically serves:

(1) hafety related battery room I,

(2) Essentialchiller room A,

| (3) RCW water pump and heat exchanger room A,

(4) IIVAC equipment room, g
(5) Safety related electrical equipment room,

(6) Passages,

(7) Non essential battery room,

(8) Non essential electrical equipment rooms.

l
,

|

O
Amendment 21 9.4-1.3 i
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Recirculation unit for subsystem 1 consists of a (4) IIVAC equipment room,
) prefilter ,cction, a high efficicnt filter section, a
j. cooling coil, and two 100% capacity supply fans. (5) Safety-related electrical equipment room,
j

Two 100% capacity return exhaust fans discharge to (6) Panages,4

the atmosphere.4

(7) MG sets at EL 7200in CI). |
1

] 9.4.1.2.3.2 Safety Related Subsystem 2 Recircula'lon unit for Subsystem a 3 consists of a

j prefilter section, a high efficient filter section, a
j Subsystem 2 specifically serves: cooling coil, and two 100% espacity supply fans.
i
; (1) Safety related battery rooms 2 and 4,
j- Two 100% capa0ty return exhaust fans

(2) Essential chiller room B, discharge to the atmosphere.

(3) RCW and heat exchanger room B, ,

j (4) IIVAC equipment room, 9.4.1.2.4 Safety Daluation
- i

(' ' Wr :y relcted-electrical equipment room, The essential electrical 11VAC system is designed to jI

casure the op:rability of the essential electrical equip- t

] (6) Passages, ment, and to limit the hydrogen concentration to ler,s Q
; than 2% by volume in the battery rooms. . All $

* | (7) Remote Shutdown Panel Room. safety related ilVAC equipment and surrounding |
L, structures are of Seismic Category I design and

Recirculation unit for Subsystem 2 consists of a operable during loss of the offsite power supply,

O v> riii > eiie . hi s trici i riii r eiie -8
cooling coil, and two 100% capacity supply fans. The ductwork which services thess safety functions -. ,

is termed ESP ductwork, and is of Seismic Category I
design. ESF ducting is high pressure safety grade

3

ductwork designed to withstand the maximum positive -
; | Two 100% capacity return exhaust fans discharge and/or negative pressure to which it can be subjected
; to the atmosphere. under normal or abnormal conditions. G_alvanized

steel ASTM A526 or ASTM A527 is used for outdoor;

1 air intake and exhaust ducts. -.All other ducts are

| welded black steel ASTM A570, Grade A or Grade

: 9.4.1.2.3.3 Safety Related Subsystem 3 D. Ductwork and hangers are Seismic Category 1.
L Bolted Flange and welded jolr.ts are qualified per

,

I Subsystem 3 specifically serves: ERDA 76 21.

(1) Safety related battery room 3, Redundant components are provided where neces-.

sary to ensurn that a single failure will not preclude

: (2) Essential chiller room C, adequate heat excharger building ventilat!on.

(3) RCW water pump and heat exchanger room C, 9.4.1.2.5 Inspection and Testing Requirements
,_

Provisions are made for periodic tests of the out-
*

door air cleanup fans and tilters. These tests laclude'

,

determinations of differential pressure across the
;. filter and of filter efficiency.: Connections for testing,

such as injection, sampling and monitoring are prop-i

!O
Amendment 2t - 9.4-1A
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erly located so that ter.t results are indicative of per- gformance.

The balance of the system is prcwen operable by its
use during normal plant operation. Portions of the
system normally closed to flow can be tested to
ensure operae'lity and integiity of the system.

9A.I.2.6 Instrum nlation Application

The area exhaust fa"t are started manually and the
fans discharge the air to atmosphere.

On an alarm of exhaust fan or supply fan
failure, the str dby fan is automatically started, and
an alarm is sounded inside the control roon.
Indicating fan failure.

A temperature indicating controller senses the
temperature of the air leaving the air cleanup miem.
The controller then modulates an electric heating
coil to maintain the leaving air temperature at a
preset limit. A limit switch will cause an alarm to be
actuated on high air temperature.

The essential electrical return exhaust fans start
automatically when the air conditioning unit is
started. Each fan inlet damper is open g
automatica'ly. The exhaust dampers are closed
automatically and the return air dampers to the
conditioning unit are opened automatically.

On a smoke alarm in a division of the control
building essential electrical }{VAC system, that
division of }{VAC shall be put into smoke removal
node. No other division is effected by this action.

I For smoke removal, the recirculation duct valve is
closed, the fan bypass valve is opened, and the
exhaust fan is stopped.

| The chiller room cooling unit starts automatically
on a signal from the temperature. indicating control-
ler installed in the chiller room. The controller mod.

| ilates a three-way chilled water valve to maintain the
space conditions.

Arnendment 21 9A-1.3
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9.4 5 Reactor Building Ventilation System

GE PROPRIETARY . pmvided under separate cover

fay (s) Amendnunt

9.4-2c 21

9.4 2ca 21

9.4 2d 16

9.4 2e 16

I9.4 2f 21

9.42fa 21

9.4 2g 21

9.4 2h 18

9.4 21 21

9.421a 21

O
.

.

|Amendment 21 9.4 2c . 26

.



ABWR 2mmn
Standard Plant un

9.4.9 Drpell Cooling Sptein consist of the drywell head area, upper drywell,
lower drywell, shield wall annulus, and the

9.4.9.1 Design llases wetwell air space. The drywell cooling system
head loads are provided in Table 3.4-2.

The drywell cooling system shall have the
capability to maintain the drywell temperature, Gravity dampers and adjustable volume dampers
during normal opera'!on, at temperatures control distribution of tFe alt / nitrogen to the
specified in Section 3.11. drywell space.

The drywell cooling system shall be capable of liigh drywell temperatures are alarmed in the
controlling the temperature rise of the drywell main control room, alerting the operator to take
during normal operational transients so that the appropriate corrective action. During normal
eve 6 age drywell temperature does not exceed plant operation, two fan coil units are oper.
135 F. The local temperature shalb not ex- ated. During LOPA (when no LOCA signal existri),
cced 165 F in the CRD area or 149 F cise- fan coil units shall restart automatically when
v.here in the drywell. power is available from the diesel generators.

During LOPA, chilled water from the llNCW
The drywell cooling system is designed to system will not be available. Chilling will only be

provide sufficient air / nitrogen distribution so available from the RCW coils. Thc fan coil
that proper temperature distribution can be units are not operated during LOCA.
achieved to prevent hot spets from occurringin
any area of the drywell. 9.4.9.3 Safety Evaluation

9.4.9.2 System Description Operation of the drywell cooling system is
not a prerequisite to assurance of either one of

See Figures 9.4 8 and 9.4 9 for the flow the following:
diagram illustrating the drywril cooling system,

Qg and Table 9.41 for a listing of its components. (1) integrity of the reactor coolant pressure
It is a recirculating system consisting of three boundary, or
fan coil units. Norma!!y, two of the three fan
coil units are in operation. Each fan coil unit (2) capability to safely shut down the reactor
consists of one cooling coils, a drain pan, and a and to maintain a safe shutdown condition,

centrifugal fan Cooling water comes from the
RCW system. The two sets of cooling coils are flowever, the system does incorporate features
arranged in series. The return air passes over the tha' provide reliability over the full range of
first coil, which is cooled by RCW. Part of the normal plant operation. These features include
cooled air is then cooled by the second coil, which the installation of redundant principal system
is cooled by IINCW. This twice-cooled air is components such as:
mixed with the air which bypassed the second
cooling coil. Condensate that drips from the (1) electric power;
coils is routed to the DRW drain system via the
leak detection system. Instrumentation is (2) fan coil units;
installed in the drain line,in front of the leak
detection system connection that monitors cooler (3) sources of chilled water; j

condensate flow. )
(4) ductwork; ;

The drywell cooling system supplies con. I
ditioned air to a common distribution header. The (5) controls; and

'

air / nitrogen is then ducted to areas within the
drywell for equipmcnt cooling. These areas (6) cross connection of all faa coil units.

1 O
Amendment 21 9.44
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|

9.4.9.4 Insgection and Testing Requittments i

O1
Equlpment design includes provisions for periodic
testing of functional performance and inspection
for system reliability. Standby components are
fitted with test connections so that system
effectiveness, except for airflow or static
pressure, can be verified without the units being
online. Test connections are provided in the
discharge air ducts for verifying calibration of
the operating controls.

9.4.9.5 Instrumentallen Applications

Drywell cooling unit function is manually
controlled from the rnain control room. The
instrumentation which monhors syaem performance
is part of the atmospheric control system and the
leak detection and isolation system.

O

I

O

Amendment 20 9.4-5
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Q TAHLE 9.41

DRYWELL COOLING SYSTEM
COMPONENTS

RCW CeHaa Colls
.

Number - 3
,

Type Plate Fin

3
Air Flow Rate 588 ft /s

Cooling Capacity 970,000 blu/hr

o- o i
|Air Temperature 135 F/107 F ,-

(Inlet / Outlet)
o o

Water Temperature . 95 F/104 F
(Inlet / Outlet)

Water Flow Rate 215 gpm i

IINCW Coolina Colls

O |
>

'

Number 2

Type PlateFin '

3
Air Flow Rate 163 ft /s

Cooling Capacity . 750,000 btu /hr'

o o

Air Temperature - 111. F/54 F
(Inlet / Outlet)

o o

Water Temperature. 45 F/54 F
(Inlet / Outlet) '

Water Flow Rate 167 gpm - j

.

fant
,

Numlxt 3-

Type Centrifugal

3
, .

Capacity 588 ft /s --

licad 5.9 in. I1 0
2

.

. Amendment 21 9M - '
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TABLE 9.4 2
O

DRDVELL COOLING SYSTEM
liEAT LOADS

Normal Plant Operatloa
IIcat Loads Sensible Heat 1. cad

6x10 IITU/IIR

Sensible Drywelllicad Arca 0.139

Ileat
Loads Upper Drywcli 0.790

lxwcr Dr>well 0.171

Shield Wall 0.742

Annulus

Wetwell Alt Space 1.012

,

Equipment Fan Motors 0.032

1leatup lead 0.278

of Fans

Sensible 11 cat lead (Total) 3.164 g
Latent lleat lead 0.282 W
Design IIcat lead 3.446

.,

NOTE:
The sensibic heat load during plant maintenance mode is about

60.4% x 10 btu /br.

|

-g.
- 9.4-7Amendment 2 -

- --. , - - . _..._--s__. . , , _ . . . . , . . - , - . . . ,, _, . ; .-...-_.,.,..u.:-c...,a..
- .. .m ._._ ., .. .,



- - - - - - - - --

ABWR nu.uoan
Standard Plant mv. n

I SECTION 9.5O
CONTENTS (Continued)

Sectlon .Dilt East

9.5.11- Combustion.udine/ Generator 9.5-10.1

9.5.11.1 Design Basis 9510.1

9.5.11.2 System Description 9.5 10.2

9.5.113 Safety Evaluations 9510.2

9.$.11.4 Tests and Inspections 95103

9.5.11.5 Instrumentation Requiremente 95103

93.12 1xer Drveell Floodg 95103

9.5.12.1 Design Basis 9.5 103

9.5.12.2 System Description -9.5103

9.5.123 Safety Evaluation 9510.4

9.5.12.4 Testing and laspection Requirements - 9510.5-

9.5.12.5 Intrumentation Requirements 9510.5

9.5.13 Interfaces 9510.5

9.5.13.1 Contamination of the DG Combustion Air Intake 9110.5

9.5.13.2 Use of Communication System in Emergencies 9.5-10.5

9.5.13 3 Maintenance and Testing Procedure l'or
Communication Equipment 9.5 10.5

9.5.13.4 Use of Portable Hand 1.ight in Emergency '9510.5

9.5.13.5 . Vendor Specific Design of Diesel Generator
Auxiliaries : 9.2 10.6

9.5.13.6 Diesel Generator _ Cooling Water System Design
Flow and Heat Removal Requirements 9.5-10.6

9.5.13.7 Fire Rating for Penetration Seals 9.5 10.6.

9.5.13.8 Diesel Generator Requirements 9510.6

'
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SECTION 9.5 g
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|9.5.13.9 Applicant Fire Protection Prograra 9.5 10.7

9.5.13.10 llVAC Pressure Calculations 9.5 10.7

9.5.13.11 Plant Security Systems Criteria 9.5 10.7

9.5.13.12 Fire liarard Analysis 9.5-10.7

9.5.13.13 Diesel Fuel Refueling Procedures 9.5 10.7

9.5.14 Edtnatu 9.5-10.7
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9.5 OTHER AUXILIARY SYSTEMS

9.5.1 Fire Protection System

.

GE PROPRIETARY provided under aeparate cover

Pant (s) Amendment

93-1 17

951.0 17

9.51.0.1 17

9.5-1.0.2 17
,

951.03 17

951.0.4 17

9.5-1.0.5 17

9.5-1.0.6 17

9.51.0.7 17

9.51.1 16

9.51.2 21

9.5-1.2.1 21

9.5 13 16

9.51.4 17

9.51.5 18

9.51.6 17

9.5-1,7 17

O
Amendment 21 9.51 1.7 |
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9.5 OTHER AUXILIARY SYSTEMS

O 9.5.3 Ughting and Servicing Power Supply System

i

!

!

! GE PROPRIETARY - provided under separate cover -
;

f Pancis) Amendmtal

9.5-3 21 !

9.53.1 21 j'

9.5-3;2 21
,

9.53.3 21
;

9.53.4 21'

'

9.53.5 21

| 9.53.6 21 -

9.5-3,7 21

|:

.

.

a

.

i

i

!

.

Oa
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9.5 OTHER AUXILIARY SYSTEMS

9.5.4 Diesel Generator Fuel Oil Storage and Transfer System

GE PROPRIETARY . provided under separate cover
>

l'antin) Amendment

9.5-4 18

9.5-4.1 21

9.5-4.2 21

|

O

.

O <

95-4 4.2 - |Amendment 21
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9.5 OTHER AUXILIARY SYSTEMS !

9.5.5 Diesel Generator Jacket Cooling Water System

i

GE PROPRIETARY . provided under separate cover

Page(s.) Amendment
'

9.55 21

9.5 11 21

I
.1.

l

|

r

O

:

!

,

,

'

r

Amendment 21 9.5-53.1
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9.5 OTHER AUXILIARY SYSTEMS

Oi
9.5.8 Diesel Generator Combustion Air intake and Exhaust System

j ;

i

t

i
i
l i

j GE l'ROl'RIETARY . provided under separate cover
; ,
4

Eastill Aintadatal
d

9.5-8 21
, ,

9.5-8.1- 21;

i

4

5

:
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The portions of the flooder pipe that extend 9.$.123 lestrumentation Krquirements

O from the steel liner in the lower drywell meet
the requirements of ASME Class 2 piping The LDP operates automatically in a passive
components, manner during a severe accident scenario that

involves a core melt and vessel failure. No
An ANSI D16.5 stainless steel weld. neck flange operator action is requiredt therefore, no

(or equivalent) is used at the interface between instrumentation is placed upon the system. An
the flooder pipe and the fusible plug valve. The inadvertent opening or leak would be detected by
flooder pipe is made of the same material as the the lower drywellleak detection system and the
blowdown vent pipe or of a stainless steel suppression pool water level instrumentation'

material that is compatible for welding to the which would result in plant shutdown.
blowdown vent ylpe.

During severe accidents, operation of the LDF
The fusible plug is required to open fully is confirrned by other instrument readings in the

v. hen the outer metal tr.mperature of the valve containment. These instruments include those
reaches 260*C during a severe accident and to which would record the drywell temperature
pass a minimum of 10.5 t/sce with 375 mm of water reduction and the lowering of suppression pool
above the valve inlet. water level.

A plastic cover on the valve outlet seals the 9.5.13 Interfaces
valve from the intrusion of moisture that could
cause corrosion of the fusible metal material. 9.5.13.1 Contamination of the DG Combustion
The plastic cover has a melting point below Air intake
130"C a n d g r e at e r than 70*C and is
required to melt completely or offer minimal Measures shall be taken to s e:trict

',
resistance to valve opening when the opening contaminating substances from the plant Ste
temperature is reached, which may be available to the diesel generator

i
air intakes. See subsection 9.5.8.1.

9.5.12A Testing and Inspection Requirements
9.5.13.2 Use of Communication System in

The ability of the LDF to mitigat: severe Emergencies
accidents by passing sufficient water to cover
and quench the postulated coriuin in the drywell Procedure for use of the communication
is confirmed by PRA analysis (Appendix 19D). system shall be provided. See Subsection

9.5.' i.
No testing of the LDF system will be required

during normal operation. During refueling 9.5.1.U Malatenance and Testing Procedure for
outages, the following surveillance would be Communication Equipment
required:

Maintenance and testing procedures for the
(1) During each refueling outage, verify that plant communication shall be provided. See

there is no leakage froin the fusible plug Subsection 9.5.2.5.
valve flange or outlet when the suppression
pool is at its maximum level. 93.13A Use of Portable lland Light in

|(2) Once every four refueling outages, lower
suppression pool water level or plug the The portable scaled beam battery powered hand
flooder pipe inlet and replace two fusible light (used by the fire brigade and other per- ,

plug valves. Test the valves that were sonnel during an emergency to achieve a plant si
removed to confirm their function. This shutdown) is out of ABWR standard design scope. $
practice follows the precedent set for it is an interface requirement that the appil.
in service testing of standby liquid control cant design will comply with the BTP CMEB 9.51,

O system (SLCS) explosive valves in earlier position C.5.g(1) and (2). Applicant will sup-
boiling water reactors, plement this subsection accordingly as appli-

cable.

Amendment 16 93-103
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9.5.13.5 Vendor Specific Design of Diesel Specific NRC requested information lists as
Generator Autillaries Iollows:

The vendor specific diesel generator support (1) Type of Jacket water circulating pumps f
systems (i.e., the D/G fuel oil system, tbc D/G (l.c., motor driven or others), v

f cooling water system, the D/G starting air
system, the D/G lubrication system, the D/G (2) Type of temperature sensors (use 'Amot**

combustion air intake and exhaust system) shall brand or equal per NUREG.CR-0660, Page V 17,
be reviewed for differences in design with those Recommendation under ttem 4),
discussed in Subsections 9.5.4 through 9.5.8,
respectively. A discussion of such differences (3) Expansion tank capacity,
shall be provided.

(4) NPSil of jraket water circulating pump, and k
l Specific NRC requested information lists ns $

follows: (5) Cooling water loss estimates.

|(1) Deleted 9.5.13.7 Fire Rating for Penetration Seals

(2) Provision for stick gauges on fuel storage The applicant referencing the ABWR design
sha l provide 3 hont fire rated penetrationltanks,
seals for all high energy piping or, as a ,

3) Description of engine cranking devices, minimum, state those condittens when such scala ;5

((4)
s

cannot be provided and what will be installed as $y
Duration of cranking cycle and number of a substitute. The detail design shall provide=

| engine revolutions per start attempt, completely equivalent construction to tested
wall assemblics or testing will be required.

gg (5) Lubrication system design criteria (pump
gg flows, operating pressure, temperature 9.5.13.8 Diesel Generator Requirements

differentials, cooling system heat removal"'

capabilities, electric heater charac- (1) the diesel generator operating procedures
t e ristics), for a particular diesel engine make and %

model shall require loadin3 of the engine up $
(6) Selection of a combustion air flow capacity to a minimum of 40% of full load (or lower

sufficient to assure complete combustion, load per manufacturer's recommendation) for
1 hour after up to 8 hours of continuous

(7) Volume and design pressure of the air no-load or light load operation.
revievers (sufficient for 5 start cycles per
reciever), and (2) selection of diesel generator shall include

prudent component design with dust tight
(8) Compressor size (sufficient discharge flow enclosures. Construction guidelines shall $

to recharge the system in 30 minutes or include provisions for minimizing $
less), accumulation of dust and dirt into

equipment.
9.5.13.6 Diesel Generator Cooling Water System
Design Flow and IIcat Removal Requirements (3) the diesel generator operating procedure

shall include provisions to avoid as much as
A table shall be provided which identifies possible or otherwise restrier the no load

k the design flow and heat removal requirements for or low load operation of the engine / g
6 the diesel generator cooling water system, it generator for prolonged periods of time; or g

"
shall include the design heat removal capacities operate the engine at nearly full load
of all the coolers or heat exchangers in the following every no-load or low load (20% or
system, less) operation lasting for a period of 30

minutes or more.

O
Amendment 21 95-10.6
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93.13.9 Applicant Firr Protection Program (d) Electromagnetic interference from plant
equipment startups or power transfers will

- The following areas are out of the AllWR not create nuisance alarms or trip security
Standard Plant design scope, and shall be access control systems,
included in the applicant fire protection
program. 93.13.12 Flav Ilazard Analysis

(1) hiain transformer A compliance review of the as built design
$ against the assumptions and requirements stated

$ (2) Equipment entry lock in the fire harard analysis (Appendiz 9A) shall
be conducted. Any non compliance shall be

(3) Fire protection pumphouse documented as being required and acceptable on
the basis of the Fire liarard Analysis, Appendix

(4) Ultimate heat sink 9A, and the Fire liarard Probabilistic Risk
Assessment, Appendix 19ht.

The applicant's fire protection program shall
comply with the SRP Section 9.5.1, with ability 93.13.131)iesel Fuel Refueling Procedures
to bring the plant to safe shutdown condition
following a complete fire burnout without a need Procedures shall be established to verify
for recovery. that the day tank is full prior to ri; filling the

storage tank. This minimizes the likelihood of
93.13.10 IIVAC Pressure Calculations sediment obstruction of fuel lines and any

deleterious impacts on diesel generator,
;; The applicant referencing the AllWR design operation.
F shall provide pressure calculations and confirm

capability during pre operational testing of the 9.5.14 References
smoke control mode of the llVAC systems as
described in Subsection 9.5.1.0.6. 1. Stello, Victor, Jr., Design Requirements

Related To The Evolutionary Advanced Light
9 5.13.11 Plant Security Systems Criteria Water Reactors (Alli'RS), Policy issue,

SECY 89 013, The Commissioners, United
The design of the security system shall States Nuclear Regulatory Commi6sion,

include an evaluation of its impact on plant January 19, 1989.
operation, testing, and maintenance. This
evaluation shall assure that the security 2. Cote, Authus E., NFPA Fire Protection
restricHons for access to equipment and plant- Handbook, National Fire Protection
regions is compatible with required operator Association, Sixteenth Edition.
actions during all operating and emergency modes

R of operation (i.e., loss of offsite power, access 3. Design of Smoke Control Systems for
6 for fire protection, health physics, maintenance, Buildings, American Society of Ileating,

testing and local operator). In addition, this Refrigerating, and Air Conditioning
evaluation shall assure that: Engineers, Inc., September 1983.

(a) There are no areas within the Nuclear Island 4. Recommended Practice for Smoke Control
where communication with central and Systems, NFPA 92A, National Fire Protection
secondary alarm stations is not possible; Association,1988.

(b) Portable securliy radios will not interfere 5. Life Safety Code, NFPA 101, National Fire
with plant monitoring equipment; Protection Association.

(c) hiinimum isolation zone and protected area
illumination capabilities cannot be defeated

a by sabotage actions outside of the protected

V area; and,

Amendment 21 9.5 103
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10.4.5 Circulating Water System each pump is fitted with a butterfly valve. This
(_) arrangement permits isolation and maintenance of
U The circulating water system (CWS) provides any one pump wiJle the others remain in operation.

cooling water for removal of the power cycle waste
heat from the main condensers and transfers this The circulating water system and condenser is

heat to the ultimate heat sink. designed to permit isolation of each set of the three
series connected tube bundles to permit repair of

10.4.5.1 Design Bases leaks and cleaning of water boxes while operating at
reduced power.

10.4.5.1.1 Safety Design Bases
The circulating water system includes water box

The CWS does not serve or support any safety vents to 1.elp fill the condenser water boxes during
function and has no safety design basis. startup and removes accumulated air and other gases

from the water boxes during normal operation.
10.4.5.1.2 Power Generation Design Bases

A chemical additive subsystem is also provided to

Power Gentration Desien Basis One - The CWS prevent the accumulation of biological growth and
supplies cooling water at a sufficient flow rate to chemical deposits within the wetted surfaces of the
condense the steam in the condenser, as required for system.

optimum heat cycle efficiency.
10.4.5.2.2 Component Description

Power Generation Desien Basis Two The CWS is
automatically isolated in the event of gross leakage Codes and standards applicable to the CWS are
into the condenser pit to prevent flooding of the listed in Section 3.2. The system is designed and |
turbine building. constructed in accordance with quality group D spec-

ifications Table 10.4 3 provides design parameters
10.4.5.2 Description for the major components of the circulating waterg

Q system.
10.4.5.2.1 General Description

10.4.5.2 3 Syttem Operation
The circulating water system is illustrated in

Figure l').4-3. The circulating water system consists The CWS operates continuously during power
of the following components: screen house and generation including startup and shutdown. Pumps
intake screens; pumps; condenser water boxes and and condenser isolation valve actuation is controlled
piping and valves; tube side of the main condenser, by locally mounted hand switches or by remote
water box fill and drain subsystem; and related manual switches located in the main control room,

support facilities such as for system water treatment
and general nudntenance. The circulating water punipt tre tripped and the

pump and condenser valves are closed in the event of
The ultimate heat sink ie designed to maintain a system isolation signal from the condenser pit

the temperature of the water entering the circulation high-high level switches. A condenser pit high level
water system within the range of 32 F to 100"F. The alarm is provided in the control room. The pit water
circulating water system is designed to deliver water level trip ts set high enough to prevent inadvertent
to the main condenser withia a temperature range of plant trips from unrelated failures, such as a sump
40 F to 100"F. The 40 F minimum temperature is overflow.
maintained, when needed, by warm water recircula.
tion. Draining of any set of series connected con-

denscr water boxes is initiate ( by closing the
The cooling water is circulated by three fixed associated condenset isolation valves and opening

speed motor driven pumps. the drain connection and water box vent valve.
When the suction standpipe of the condenser drain

The pumps are arranged in parallel and dis- pump is filled, the pump is manually started. A low

a charge into a common header. The discharge of level switch is provided in the standpipe, on the

V
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suction side of the drain pump. This switch will tion valves are interlocked with the circulating water
automatically stop the pump in the event oflow pumps so that when a pump is started, its discharge h
water level in the standpipe to protect the pump valve will be opening while the pump is coming up to
from excessive cavitation. speed, thus assuring there is water flow through the

pump. When the pump is stopped, the discharge
10.4.5.3 Evaluation valve closes automatically to prevent or minimize

backward rotation of the pump and motor.
The CWS is not a safey-related system; however,

a flooding analysis of the turbine building is Level switches monitor water levelin the con.
performed on the CWS postulating a complete denser discharge water boxes and provide a permis-
rupture of a single expansion joint. The analysis sive for starting the circulating water pumps. These
assumes that the flow into the conder.ser pit comes level switches ensure that the supply pioing and the
from both the upstream and downstream side of the condenser are full of water prior to circulating water
break and, for conservatism, it assumes that one pump tartup thus preventing water pressure surges
system isolation valve does not fully close. from damaging the supply riping or the condenser.

Based on the above conservative assumptions, To satisfy the bearing lubricating water and shaft
the CWS and related facilities are designed such that sealing water interlocks during startup, the circulat-
the selected combination of plant physical arrange- ing water pump beariry, lubricating and shaft seal
ment and system protective features ensures that all flow switches, located in the lubricating seal water
credible potential circulating water spills inside the supply lines, must se'nse a minimum flow to provide
turbine building remain confined inside the con- pump start permissive.
denser pit. Further, plant safety is ensured in case of
multiple CWS failures or other negligible probability Monitoring the performance of the circulating
CWS related events by the plant safety related gen. water system is accomplished by differential pressure
eral flooding protection provisions that are discussed transducers across each half of the condenser uith
in Section 3.4. remote differential pressure indicators located in the g

rnain control room. Thermal element signals from W
10.4.5.4 Tests and Inspections the supply and discharge sides of the condenser are

transmitted to the plant computer for recording,
The CWS and related systems and facilities are display and condenser performance calculations.

tested and checked for leakage integrity prior to
initial plant startup and, as may be appropriate, To prevent icing and freeze up when the ambient
follewing major maintenance and inspection. temperature of the ultimate heat sink falls below

32 F, warm water from the discharge side of the.

All active and selected passive components of condenser is recirculated back to the screen house
the circulating water system are accessible for intake. Thermat elements, located in each condenser
inspection and maintenance / testing duricg normal supply line and monitored in the main control room,
power station operation. are utilized in throttling the warm water recirculation

vahr, which maintains the minimum inlet tempera-
10.4.5.5 lustrumentation Applications ture of approximately 40 F.

Temperature monitors are provided upstream 10.4.5.6 Flood Protection
and downstream of each condenser shell section.

See response to Question 430.73(b), protection
Indication is provided in the control room to against a CWS pipe, water box or expansion joint

identify open and closed positions of motor. operated failure.
butterfly valves in the CWS piping.

10.4.6 Condensate Cleanup Systent
All major circulating water system valves which

control the flow path can be operated by local The condensate cleanup system (CCS) purifies
controls or by remote manual switches located on and treats the condensate as required to maintain
the main control board. The pump discharge isola- reactor feedwater purity, using filtration to remove g
Amendment 17 10.4-io
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10.4.6.1 Design Bases polisher vessel to preclude gross resin leakage into
the power cycle in case of vessel underdrain failure,

10.4.6.1.1 Safety Design Bases and to catch resin fmc leakage as much as possible.
The design bases influent concentrations are pro-

The CCS does not serve or support any safety vided in Table 10.4 5. Based on the influent concen-
function and has no safety design bases. trations the condensate polisher effluent water

quality is as reported in Table 10.4 6. The CCS
10.4.6.1.2 Power Generation Design llases components are located in the turbine building.

Power Generation Desien Basis One The CCS Ptovisions are included to permit mechanical

continuously remows dissolved and suspended solids ultrasonic washing and replacement of the ion ex-

from the condensate to maintain reactor feedwater change resin. Each of the polisher vessels has fait

quality, open inlet and outlet isolation valves which are
remotely controlled from the local polisher control

Power Generation Desien Basis Two - The CCS panel.

removes corrosion products from the condensate and
from drains returned to the condenser hotwell so as A system flow bypass valve is also provided which

to limit any accumulation of corrosion products in is manually controlled from the main control room.

the cycle. Pressure downstream of the polisher system is indi-
cated and low pressure is alarmed in the main

Power Generation Desien Basis Three - The CCS control room to alert the operator. The bypass is
removes impurities entering the power cycle due to used only in emergency and for short periods of time

condenser circulating water leaks as required to until the polisher system flow is returned to normal
permit continued power operation within specified or the plant is brought to an orderly shutdown. To
water quality limits as long as such condenser leaks prevent unpolished condensate from leaking through
are too small to be readily located and repaired. the bypass, double isolation valves are provided with

an orificed leak-off back to the condenser.
| n
; Q Power Generation Desien Basis Four The CCS

limits the entry of dissolved solids into the feedwater 10.4.6.2.2 Component Description

system in the event of large condenser leaks, such as
a tube break, to permit a reasonable amount of time Codes and standards applicable to the CCS are

for orderly plant shutdown. listed in Section 3.2. The system is designed and |
constructed in accordance with quality group D

Power Generation Desien Basis Five - The CCS requirements. Design data for major components of
injects in the condensate such water treatment the CCS are listed in Table 10.4-4.
additives as oxygen and hydrogen as required to
minimize corrosion /crosion product releases in the Condensate Polishers Vessels There are six

power cycle. 20-percent-capacity polisher vessels (one on standby)
each constructed of carbon steel and lined with

Power Generation Desien Basis.lix - The CCS natural rubber. Normal operation full load steady
maintains the condensate storage tank water quality state design flowrate is 40 gpm per square foot of
as required for condensate makeup and miscella- bed. Maximum flowrates are 50 and 60 gpm per
neous condensate supply services. square foot for steady state and transient operation

respectively. The nominal bed depth is 40 inches.

10.4.6.2 System Description
10.4.6.2.3 System Operation

10.4.6.2.1 General Description
The CCS is continuously operated, as necessary

The condensate cleanup system is illustrated in to maintain feedwater purity levels.

Figure 10.4 4. The CCS consists of six bead resin,
mixed bed ion exchange polisher vessels arranged in Full condensate flow is passed through five of the

parallel with, normally five in operation and 1 in six polisher vessels, which are piped in parallel. The

standby. A strainer is installed downstream of each sixth polisher is on standby or is in the process of
p!
%
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being cleaned, emptied or refilled. The senice run 10.4.63 Evaluation
for each polisher vesselis terminated by either high
differential pressure across the vessel or high con- The CCS does not serve or support any safety
ductivity or sodium content in the polisher effluent function and has no safety design basis,

water. Alarms for each of these parameters are
provided on the local control panel. The condensate cleanup system removes

condensate system corrision products, and impuritics
The local control panel is equipped with the from condenser leakage in addition to some radioac-

appropriate instruments and controls to allow the tive material, activated corrosion products and
operators to perform the following operations: fission products that are carried over from the

reactor. While these radioactive sources do not
(1) Remove an exhausted polisher from service and affect the capacity of the resin, the concentration of

replace it with a standby unit such radioactive material requires shielding (see
Chapter 12). Vent gases and other wastes from the

(2) Transfer the resin inventory of any polisher condensate cleanup system are collected in con-
vesselinto the resin receiver tank for mechanical trolled areas and sent to the radwaste system for
cleaning or disposal. treatment and/or disposal. Chapter 11 describes

the activity level and removal of radioactive material
(3) Process the as received resin through the from the condensate system.

ultrasonic resin cleaner as it is transferred from
the receiver tank to the storage tank. The condensate cleanup system complies with

Regulatory Guide 1.56, Maintenance of IVater Purity
(4) Transfer the resin stcrage tank resins to any in Boiling IVater Reactors and EPRI NP-4947.iR,

polisher vessel. BlVR Hydrogen IVater Chemistry Guidelines: 1987
Revision, October 1988.

(5) Transfer exhausted resin from the receiver tank
to the radwaste system. The condensate cleanup system and related

support facilities are located in non-safety related g
On termination of a senice run, the exhausted buildings. As a result, potential equipment or piping

polisher vessel is taken out of service, and the failures can not affect plant safety,
standby unit is placed in service by remote manual
operation from the local control panel. The resin 10.4.6.4 Tests and Inspections
from the exhausted vesselis transferred to the resin
receiver tank and replaced by a clean resin bed that Preoperational tests are performed on the con-
is transferred from the resin storage tank. A final densate cleanup system to ensure operability, reli-
rinse of the new bed is performed in the polisher by ability, and integrity of the system. Each polisher
condensate full flow recycle to the condenser before vessel and system support equipment can be isolated
it is placed in senice. The rinse is monitored by con- during normal plant operation to permit testing and
ductivity analyzers, and the process is terminated maintenance.
when the required minimum rinse has been
completed and normal clean bed conductivity is 10.4.6.5 Instrumentation Applications
obtained.

Conductivity elements are provided for the
Through periodic condensate makeup and re- system influent and for each polisher vessel efnuent.

ject, the condensate storage tank water inventory is System influent conductivity detects condenser
processed through the CCS and tank water quality is leakage; whereas, polisher effluent conductivities
maintained as required for condensate makeup to provide indication of resin exhaustion. The polisher
the cycle and miscellaneous condensate supply effluent conductivity elements also monitor the
senices. The diagram of the condensate storage and quality of the condensate that is recycled to the
transfer system is illustrated in Figure 10.4-5. condenser after processing through a standby vessel

before it is returned to senice. Differential pressure
The condensate cleanup and related support is monitored across each polisher vessel and each

systems wastes are processed by the radwaste system vessel discharge resin strainer to detect blockage of

as described in Chapter 11. flow. The flow through each polisher is monitored h
|
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and used as controlinput to assure even distribution

i of condensate flow through all operating vessels and
by correlation with the vessel pressure drop, to

.

!

'

i %)
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permit evaluation of the vessel throughput capacity, designed to permit continuous long term full power -
Individual vessel effluent conductivity, differential- plant operation with the following equipment out of

- pressure, and flow merutements are recorded at the service: one feedwater pump, one condensate pump
system local control panel. A multipoint annunciator or one heater drain pump or, one high pressure
is included in the local panel to alarm abnormal heater string with a slightly reduced final feedwater
conditions within the system. The local panel is con- temperature,
nected to the main control room where local alarms
annunicated by a global system alarm but can also be Power Generation Desien Basis Four The CFS is
displayed individually if requested by the operators. designed to permit continuous long term operatione

with one LP heater string out of service at the f!

Other system instrumentation includes turbidity maximum Ioad pcrmitted by the turbine *'

i and other water quality measurements as necessary manufacturer, approximately 85%, value which is set
for proper operation of the polisher and miscella- by steam ' low limitation on the affected LP turbine.
neous support services, and timers for automatic .

.:

supervision of the resin transfer and cleaning cycles. Power Generation Desien Basis Five - The CFS is
The control system prevents the initiation of any designed to beat up the reactor feedwater to a>

operation or sequence of operations which would nominal temperature of 420F during fullload
conflict with any operation or sequence already in operation and to lower temperatures during part
progress whether such operation is under automatic load operation.
or manual control.

Power Generation Desien Basis Six ~ The CFS is
-

designed to minimize the ingress or release of impu.
10.4.7 Condensate and Feedwater System- rities to the reactor feedwater.

The function of the condensee and feedwater 1(L4.7.2 Description -
system (CFS) is to receive condensate from the con-
denser hotwells, supply condensate to the cleanup 10.4.7.2.1 General Description
system, and deliver high purita feedwater to the
reactor, at the required flow rate, pressure and tem- The condensate and feedwater system is illus-
perature, trated in Figure 10.4-6 and 10.4-7. The condensate

and feedwater system consists of the piping, valves,
10.4.7.1 Design Bases pumps, heat exchangers, controls and instrumenta-

tion, and the associated equipment and subsystems -
10.4.7.1.1 Safety Design Bases which supply the reactor with heated feedwater in a

closed steam cycle utilizing regenerative feedwater -
The condensate-feedwater system does not heating. The system described in this subsection

serve or support any safety function and has no extends from the main condenser outlet to the
safety design bases, second isolation valve outside of containment. The

remainder of the system, extending from the second
10.4.7.1.2- Power Generation Design Bases isolation valve to the reactor, is described in Chapter

5. Turbine extraction' steam is utilized for a total of
Power Generation Desien BuitQng - The CFS is six stages of closed feedwater heatin;t. The drains
designed to provide a continuous and dependable from each stage of the low pressure feedwater
feedwater supply to the reactor at the required flow heaters are cascaded through successively lower
rate, pressure, and temperature under all anticipated . pressure feedwater heaters to the main condenser,
steady-state and transient conditions. The high pressure heater drains are pumped back-

ward to the reactor feedwater pumps suction. The
Power Generation Desien Basis Two - The CFS is - cych extraction . team, drains and vents systems are
designed to supply up to 115% of the rated feedwa- illustrated in Figures 10.4-8 and 10.4-9. -
ter flow demand during steady state power operation
and for at least 10 seconds after generator step load The CFS consists of four 33% capacity g i

reduction or turbine trip, and up to 75% of the rated condensate pumps (three normally operating and # |
*

flow demand thereafter. one on standby), three manually operated 33-50%4

capacity reactor feedwater pumps , four stages of
Power Generation Desien Basis Three - The CFS is low-pressure feedwater heaters, and two stages

Amendment 21 10.4-13
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of high. pressure feedwater heaters, piping, valves, by either the condensate pumps or the reactor feed

$gand instrumentation. The condensate pumps take pumps operating at their minimum fixed speed. R
suction from the condenser hotwell and discharge During power operation, the heater bypass function
the deacrated condensate into one common header - is to maintain full feedwater flow espability when a
whic,b feeds the condensate filters and high pressure heater string must be isolated for
demineralizers. Downstream of the condensate maintenance,

demineralizers, the condensate is taken by a single
header and Dows in parallel through five auxiliary Dtiring power operation, the conJensate is well,

g condenser / coolers,(one gland steam exhauster con- deserated in the condenser and continuous oxygen
denser and two sets of steam jet air ejector injection is used to maintain the level of oxygen'

condensers and offgas recombiner condenser content in the final fec4 water as shown in Subsection
(coolers). The condensate then branches into three 10A 6.
parallel strings of low pressure feedwater heaters.
Each string contains four stages oflow pressure To minimize corrosion product input to the
feedwater heaters. The st. rings join together at a reactor during startup, recirculation lines to the
common header which is routed to the suction of the condenser are provided from the reactor feedwater
reactor feedwater pumps. pump suction header and from the high pressure

feedwater heater outlet header.
Another input to the feedwater flow consists of

,

the drains which are pumped backward and injected Prior to plant startup, cleanup is accomplished by -
into the feedwater stream at a point between the allowing the system to recirculate through the con-
fourth stage low-pressure feedwater heaters and the densate polishers for treatment prior to feeding any
suction side of the reactor feed pumps. These water to the reactor during startup.
drains, which originate from the crossaround stca n
moisture separators and reheaters and from the two
sets of high pressure feedwater heaters, are directed.

to the heater drain tank. The reheater and top.
heater drains are deaerated in the crossaround g

| heaters so that, after mixing with condensate, the W
drains are compatible with the reactor feedwater*

quality requirements for oxygen content during gi
normal power operation. The heater drain pumps #

'
take suction from their heater drain tank and inject
the deserated drains into the feedwater stream on
the suction side of the reactor feed pumps.

The reactor feedwater pumps discharge the
feedwater into two parallel high pressure feedwater
heater strings, each with two stages of high-pressure

| feedwater heaters. Donstream of the high-pressure 10A.7.2.2 Component Description
feedwater heaters, the two strings are then joined -
into a common header, which divides into two feed- All components of the condensate and feedwater
water lines which connect to the reactor, system that contain the system pressure are designed

and constructed in accordance with applicable codes-

A bypass is provided around the reactor feedwa- as referenced in Section 3.2.'

| ter pumps to permit supplying feedwater to the
reactor during early startup without operating the Condensate Pumes . The four condensate
feedwater pumps, using only the condensate pump pumps are identical, fixed speed motor driven g
head. - pumps, three are normally operated, and the fourth A

'
is on standby. Valving is provided to allow individual

Another bypass, equiped with a feedwater flow pumps to be removed from service,
control valve,is provided around the high pressurei

' | heaters to perform two independent functions. A minimum flow recirculation line is provided
During startup, the bypass and its flow control valve*

are used to regulate the flow of feedwater supplied .Q
Amendment 11 10A ti
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downstream of the auxiliary condensers for conden- drain line is also used during startup and shutdown

O sate pump protection and for auxiliary condenser when it is desirable to dump the drains for feedwater
d minimum flow requirements. quality purposes.

Low oressure Feedwater Heaters - Three The drain tanks and tank drain lines are designed

parallel and independent strings of four closed to maintain the drain pumps available suction head
feedwater heaters are provided, and one string is in excess of the pump required minimum under all
installed in each condenser neck. The heaters have anticiated operating conditions including,
integral drain coolers, and their drains are cascaded particularly, load reduction transients. This is
to the next lower stage heaters of the same string achieved mainly by providing a large elevation
except for the lowest pressure heaters which drain to difference between tanks and pumps (approximately

the main condensers. The heater shells are either 50 feet) and optimizing the drain lines which would
carbon steel or low alloy ferritic steel, and the tubes affect the drain system transient response, part-
are stainless steel. Each low pressure feedwater icularly, the drain pump suction line.
heater string has an upstream and downstream isola-
tion vahr which closes on detection of high level in Heater Drain Pumns - Two motor driven heater
any one of the low pressure heaters in the string. drain pumps operate in parallel, each taking suction

from a heater drain tank and discharging into the
Hich oressure Fegdwater Heaters - Two suction side of the reactor feedwater pumps. The

parallel and indeperrient strings of two high pressure drain system design allows each heater drain pump
feedwater heaters are located in the high pressure to be individually removed from service for
end of the turbine building. The No. 6 heaters, maintenance while the the balance of the system
which have integral drain coolers, are drained to the remains in operation while the affected string drains
No. 5 heaters. The No. 5 heaters, which are con- dump to the condenser.

F densing only, drain to their respective heater drain
6 tanks. The heater shells are carbon steel, and the Controlled drain recirculation is provided from

tubes are steinless steel. the discharge side of each heater drain pump to the
associated heater drain tank. This ensures that the'

Heata string isolation and by pass valves are minimum safe flo., through each heater drain pump
provided to allow each string of high pressure is maintained during operation.

| heaters to be removed from service, thus, slightly
reducing final feedwater temperature but requircing Reactor Feedwater Pumns - Three identical andv

no reduction in plant output. The heater string independent,33-65% capacity reactor feed pumps (
isolation and bypass valves are actuated on ducction (RFPs) are provided. The three pumps manually op-
of high level in either of the two high pressure crate in parallel and discharge to the high-pressure
heaters in the string. feedwater heaters. The pumps 'ake suction

downstream of the last stage low-pre ure feedwater
The startup and operating vents from the steam heaters and discharge through the high-pressure

side of the feedwater heaters are piped to the main feedwater heaters. Each pump is driven by an ad-
condenser except for the highest pressure heater justable speed spchronous motor,
operating vents which discharge to the cold reheat
lines. Discharges from shell relief valves on the Isolation valves are provided which allow each
steam side of the feedwater heaters are piped to the reactor feed pump to be individually removed from
main condenser, service for maintenance, while the plant continues

operation at full power on the two remaining pumps.
Heater Drain Tank - Two heater drain tanks

g are provided. Drain tank levelis maintained by the Controlled feedwater recirculation is provided

$ heater drain pump and controlvalves in drain pump from the discharge side of each reactor feed pump to

disharge and recirculation line. the main condenser. This provision ensures that the
minimum safe flow through each reactor feed pump

The heater drain tank is provided with an alter- is maintained during operation.

nate drain line to the main condenser for automatic

q dumping upon detection of high level. The alternate

U
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10A.7.23 System Operation possible by use of the multistring arrangement and
the provisions for isolating and bypassing equipment g

NORMAL OPERATION Under normal op- and sections of the system.
erating conditions, system operation is automatie.
Auto.natic level control systems control the levels in The majority of the condensate and feedwater
all feedwater heaters, the heater drain tanks, anJ the piping considered in this section is located within the
condenser hotwells. Feedwater heater levels are - non safety related turbine building. The portion
controlled by modulating drain valves. Control which connects to the accond valve outside the con-
valves in the discharge and recirculation lines of the tainment is located in the steam tunnel between the
hester drain pumps control the levelin the heater turbine and reactor buildings. This portion of the
drsin tanks. Valves in the makeup line to the piping is analyzed for dynamic effect from postulated
condenser from the condensate storage tank and in seismic events and safety-relief valve discharges. The g
the return line to the condensate storage tank control entire condensate and feedwater system piping is g
the levelin the condenser botwells, analyzed for water hammer loads that could '

potentially result from anticipated flow transients.
During power operation feedwater flow is,

g automatically controlled by the reactor feedwater 10A.7A Testa and Inspections
pump speed that is set by the feedpump speed*

control system. The control system utilizes 10A.7A.1 Preservice Testing
measurements of steam flow, feedwater flow, and
reactor level to regulate the feedwater pump speed. Each feedwater heater and condensate pump re.
During startup, feedwater flow is automatically ceives a shop hydrostatic test which is performed in
regulated by the high pressure heater bypass flow accordance with applicable codes. Alltubejoints of
control valve. feedwater heaters are shop leak tested, Prior to

initial operation, the completed condensate and feed-
Ten. percent step load and 5-percent per minute water system receives a field hydrostatic and perfor-

ramp changes can be accommodated without major mance test and inspection in accordance with the
effect in the CFS The system is capable of accepting applicable code. Periodic tests and ir.spections of the g
a full generator load rejection without reducing system are performed in conjunction with scheduled W
feedwater flow rate. maintenance outages.

10A.73 Evaluation 10A.7A.2 Inservice Inspections

The condensate and feedwater system does not The performance status, leaktightness, and
serve or support any safety function. Systems structural leaktight integrity of all system
analysis show that' failure of this system cannot compouents are demonstrated by continuous
compromise any safety related systems or prevent operation.
safe shutdown.

10A.7.5 Instrumentation Applications
t

| During operation, radioactive steam and con.
densate are present in the feedwater heating portion Feedwater flow control instrumentation mea. ,

of the system, which includes the extraction steam sures the feedwater discharge flow rate from each ,

piping, feedwater heater shells, heater drain piping, reactor feed pump and the heater 1 ypass startup flow |
[ and heater vent piping. Shielding and access contrcl control valve. These feedwater system flow *

,

| are provided as necessary (see Chapter 12). The measurements are used by the feedwater control
! condensate and feedwater system is designed to min- system to regulate the feedwater flow to the reactor
i- imize leakage with welded construction utilized to meet system demands. The feedwater control
| where practicable. Relief discharges and operating system is described in Subection 7.7.1 A

| vents are channeled through closed systems.

| Pump flow is measured on the pump inlet line
'

| If it is necessary to remove a process ment from and flow controls preside automatic pump recircula-
service such as a feedwater heater, pump, or control tion flow for each reactor feedwater pump. Auto-
valve, continued operation of the system is matic controls also regulate the condensate flow

Ameemem u to 416
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Q 11.2 LIQUID WASTE MANAGEMENT SYSTEM
,

4

i

GE PROPRIETARY - provided under separate cover

'
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o uncertait ties in the volume regions near the edge Table 12.2 3, part C, gaves the gamma ray() of the core. The level of uncertainties for energy spectra in the cylindrical regions of the
'

these regions is estimated at 20%. reactor from the core through the vessel. The
3energy spectra are given in termt of hicV/cm /

12.2.1.2.1.1.3 Core lloundary Neutron Fluxes sec/W at the inside surface and outside surfaces
of the region. This energy spectrum, multiplied

Table 12.2 2 presents peak axial neutron by the core thermal power, is the gamma ray
multigroup fluxes at the core equivalent radius, source. The point on the inside surface of the
The core equivalent radius is a hypothetical region is the maximum point within the region,
boundary enclosing an area equal to the area of In the radial direction, the variation in source
the fuel bundles and the coolant space between intensity may be approximated by an exponential
them. The peak axial flux occurs adjacent to the fit to the data on the inside and outside
portion of the core with the greatest power. surfaces of the region. The axial variation In
While the fnx within any given energy group is a region can be estimated by using the core
not knos .<ithin a factor of 2, the total axial variation. The uncertainty in the gamr--
calculated core boundary flux is estimated to be ray energy spectra is due primarily to the
within 150%. uncertainty in the neutron flux in these

regions. The uncertrinty in the neutron flux is
12.2.1.2.1.1.4 Gamma Ray Source Energy Spectra estimated to vary from approximately 150% at the

core boundary to a factor of13 at the outside
Table 12.2 3 presents average gamma ray energy of the vessel. The calculations were carried

spectra thermal per watt of reactor power in out with voids beyond the vessel.
both core and noncore regions. In Table 12.2 3,
part A, the energy spectra in the core are 12.2.1.2.1.1.5 Ga.ama Ray and Neutron t' luxes
presented. The energy spectra in the core Outside the Vessel
represent the average gamma ray energy released

3p by energy group in hiev/cm /second/htegawatt Table 12.2-4 presents the maximum axial neu-
V thermal. The energy spectra in hicV per see per tron and gamma ray fluxes nutside the vessel,

3 can be used with the The maximum axial flux occurs on the vesselhiegawatt <h:rmal per em
total core power and power distributions to opposite the elevation of the core with the
obtain the source in any part of the core, maximum outer bundle power level. This eleva-

tion can be located using the data from Table
The gamma ray energy spectra include the 12.21. The fluxes at this elevation are based

fission gamma rays, the fission product gamma ray on a mean radius core and do not show azimuths
and the gamma rays resulting from inciastic angle variations. The calculational model for
neutron scattering and thermal neutron capture. these fluxes assumed no shield materials beyond
The total gamma ray energy released in the core the vessel wall. The presence of shield mate-

| is estimated to be accurate to within 110%. The rials will significantly alter the neutron
energy release rate above 6 hicV may be in error fluxes in the lower end of the neutron energy

] by as much as a factor of12. 4.pectrum. The gamma ray calculations include
amma ray sources from all of the cylindrical !,

Table 12.2 3, part B, gives a gamma ray energy regions between the center of the core and the j
spectrum in hieV/sec/W in spent fuel as a function edge of the vessel. While the uncertainties in

,

of time after operation. The data were prepared a given energy group flux may be a factor of 13, | l

from tables of fission product decay gamma fitted the uncertainties in the total integral flux are
to integral measurements for operation times of estimated to be within a factor of two.
108 sec, or approximately 3.2 years. To obtain
shutdown sources in the core the gamma ray energy 12.2.1.2.1.1.6 Deleted
spectra are combined with the core thermal power
and power distributions. Shutdown sources in a
single fuel element can be obtained by using the
gamma ray energy spectra and the thermal power

) the element contained during operation.

Amendment 21 12.2 2
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which are sources f radiation whenever CRD removal under the reactor pressurefq
Q possible. For syste. s that have components vessel and in the CRD maintenance room.

that are major sources of radiation, piping
and pumps are located in separate cubicles Appropriately sloped floor drains are
to reduce exposure from these components provided in shielded cubicles and other
during maintenance. These major radiation areas where the potential for a spill exists
sources are also separately shielded from to limit the extent of contamination. Curbs
each other. are also provided to limit contamination and

simplify washdown opentions. A cask
(6) Contamination Control decontamination vault is located in the

reactor building where the spent fuel cask
Contaminated piping systems ar. ..'elded to and other equipment mey be cleaned. The CRD
the most practical extent to minimize leaks maintenance room is used for disassembling
through screwed or flanged fittings. For control rod drives to reduce the
systems containing highly radioactive contamination potential.
fluids, drains are hard piped directly to
equipment drain sumps, rather than to allow Consl.leration is given in the design of the
contaminated fluid to flow across the floor plant for reducing the effort required for
to a floor drain. Certain valves in the decontamination. Epoxy-type wall and floor
main steam line are also provided with cortings have been selected which provide
leakage drains piped to equipment drain smt.oth surfaces to ease decontamination
sumps to reduce contamination of the steam surfaces. Expanded metal type floor
tunnel. Pump casing drains are employed on gratings are minimited in favor of smooth
radioactive systems whenever possible to surfaces in areas where radioactive spills
remove fluids from the pump prior to could occur. Equipment and floor drain
disassembly. In addition, provisions for sumps are stainless steel lined to reduce

p flushing with condensate, and in especially crud buildup and to provide surfaces casily
| V contaminated systems, for chemically decontaminated.
| cleaning the equipment prior to maintenance,
; are provided. 123.13 Radiation Zoning
!

| The HVAC system is designed to limit the Radiation zones are established in all areas
| extent of airborne contamination by of the plant as a function of both the access
! providing air flow patterns from areas of requirements of that area and the radiation
| low contamination to more contaminated sources in that area. Operating activities,
'

areas. Penetrations through outer walls of inspection requirements of equipment,
the building containing radiation sources maintenance activities, and abnormal operating
are scaled to prevent miscellaneous leaks conditions are considered in determining the
into the environment. The equipment drain appropriate zoning for a given area. The
sump vents are fitted with charcoal relationship between radiation zone des;gnations
canisters or piped directly to the radwaste and accessibility requirements is presented in;

| HVAC system to remove airborne contaminants the following tabulation:

|
cvolved from discharges to the sump. Wet

| transfer of both the steam dryer and Zone
separator also reduces the likelihood of Desig- Dose Rate Access
contaminants on this equipment being natiGB (mrem /hr) Description
released into the plant atmosphere. In
areas where the reduction of airborne A Mi Uncontrolled, unlim-
contaminants cannot be climinated ited access
efficiently by HVAC systems, breathing air B <1 Controlled, unlim-
provisions are provided, for example, for ited access

.f)

Amendment 10 12.3 5
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Zone 12.3.1.4 Implementation cf AIARA
Desig. Dose Rate
nation (mrem /hr) Descrir. ting !n this subsection, the implementation of

design considerations to radioactive systems for
C <5 Controlled limited analntaining personnel radiation exposures as low

access,20 hr/wk es reasonably achicutle is described for the
iollowing five systems:

D < 25 Com, illed, limited
access,4 hr/wk (1) Reactor water cleanup system;

E < 100 Conti 11ed, limited (2) Residual heat removal system (shutdown
access,1 hr/wk cooling mode);

F > 100 Convolled secess. (3) Puel pool cooling and cleanup s; . 4m;
Authoritation
required. (4) Main steam;and

The dose rate applicable for a particular zone (5) Standby gas treatment system
is based on operating experience and represents
design dose rates in a particular zone, and 12.3.1.4.1 Reactor Water Clennup Sptem
should not be interpreted as the expected dose
rates which would apply in all portions of thtt This system is designed to operate
tone, or for all types of work within that zone, continuously to reduce reactor wa,er radioactive
or at all periods of my into the rone. Large contamination. Components for this system are
11WR plants have been in operation for two located outside 'he containment and include
decades, and operating experience with similar filter demineraliters, a backwash receiving'

design basis numbers Jows that only a small tank, regenerative and nonregenerative heat
fraction of tbc 10CFlu saximum permissible dose exchangers, pumps, and associated valves. g
is received in such rones from radiation sources
controlled by equipment layout or the structural The highest adiation level components
shielding provided. Therefore, on a practical include the filter demineralizers, heat
basis, a radiation roning approach a described exchangers, and backwash receiving tank. The
above accomplishes the as low as reasonably filter demineraliters are located in separate
achievable objectives for deses as required by 10 concretc. shielded cubicles which are accessible
CFR 20.1(c). The radiation zone maps for this through shicided hatches. Valves and piping
plant with rone designation, at 1 scribed in the within the cubicles are reduced to the extent
preceding tabulations are contained in Figures that entry into the cubicles is not required
12.31 through 12.3 22 and 12.3 37 through during any operational phase. Most of the
12.3 55. valves and piping are located in a shielded

valve gallery adjacent to the filter
Access to areas in the plant is controlled and deminerallrer cubicles. The valves are terrotely

regulated by the roning of a given area. Areas operable to the greatest practical extent to
with dose rates such that an individual would minimite entry requiremcev into this area. The
receive a dose in excess of 100 mrem in a period RWCS heat exchangers me also located in a
of one hout are locked and posted with 'lligh shielded cubicle with valves operated remotely
Radiation Area' signs. Entry to these areas is by use of extension valve stems, or from
on a controlled basis. Areas in which an instrument panels located outside the cubicle.
individual would receive a dose in excess of 5 The backwash tank is shielded separately from
mrem up to 100 mrem within a pericd of one hour the resin transk, pump, permitting maintenance
are posted with signs indicating that this is a of the pump without being exposed to the spent
radiation area and include, in certain cases,
barricts such at ropes or doors.

O
Amendment 21 12.34
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data, such as cross sections, buildup factors, scattered and direct, are conducted using point

O and radioisotope decay information, are listed in kernel codes (OADF/GGG). The source terms are
References 2 through 10. divided into groups as a function of photon i

energy, and each group is treated independently ,

The shleiding; design is based on the plant of the others Credit is taken for attenuation
operating at maximum design power with the through all phases of material, and bullJup is !

release of fission products resulting in a source accounted for using a third order polynomial
of 100,000 mCl/sce of noble gas after a 30 buildup factor equation._ The enore conservative
minute decay period, and the corresponding material buildup coefficients are selected for
activation and corrosion product concentrations laminated shield configuration to ensure
in the reactor water listed in Section 11.1. conservative results.
Radiation sources in various pieces of plant
equipment are cited in Section 12.2. Shutdown For combined gamma and neutron shleiding
conditions, such as fuel transfer operation, as situations, discrete ordinates (ANISN) J

well as accident conditions, such as a LOCA or an techniques are applied.
FHA, have also been considered in designing
shleiding for the plant.

The mathematical mode'ls used to represent a
radiation source and associate equipment and
shleiding are established to ensure conservative
calculational res@s. Depending on the
versatility of the appikable computer program,
various degrees of complexity of the actual
physical situation are incorporated, in general, The shleiding thicknesses are selected to
sylindrically shaped equipment such as tanks, reduce the aggregate dose rate from significant
heat exchangers, and demineralizers' are radiation sources in surrounding areas to values

h' mathematically modelled as truncated cylinders, below the upper limit of the radiation zone
Equl; at internals are sectionally homogenized .specified in the roue maps in Subsection ,

to incorporate-density variations where 12.3.1.3. By maintaining dose rates in these '

applicable. For example, the tube bundle section areas at less than the upper limit values
of a heat exchanger exhibits a higher density specified in the zone maps, sufficient access to
than the tube bundle clearance circle, due to the the plant areas is allowed for maintenance and
tube density, and this variation is accounted for operational requirements.-
in the model. Complex piping ' runs are
conservatively modelled as a series of point- Where shielded entries to high radiation
sources spaced along the piping run. Equipment areas such as labyrinths are required, a gamma
containing sources in a parallelpiped ray scattering code (GGG) is used to confirm the
configuration, such as fuel assemblics, fuel adequacy of the labyrinth design. _ The
racks, and the SGTS charcoal filters, are labyrinths are designed to reduce the scattered
modelled as parallelpiped with a suitable as well as the direct contribution to the
homogenization of materials contained in the aggregat'e dose rate outsido the entry, such that
equipment. The shleiding for these sources is the radiatibu zone designated for the area is
also modelled on a conservative basis, with not violated,
discontinuities in the shleiding, such as
penetrations, doors, and partial walls accounted - 12.3.2.3 Plant Shielding ikscription 4

- for. The dimension of the floor decking is not
considered in the shielding calculation as it is . Figures 12.31 through 12.311 show the
part of the effective shield thickness provided ' layout of equipment containing radioactive ' ;

by.the floor slab, process materials. The general description of
the shleiding is described below:

Pure gamma dose rate calculations, both

h
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(1) Drywell silicone sleeve to reduce the radiation
streaming are made available by the g

The major shielding structures located in penetrations. Penetrations are also located W
the drywell area consist of the reactor so as to minimize the impact of radiation
shield wall and the drywell wall. The streaming into surrounding areas.
reactor shield wall in general consirts of
0.6m of concrete sandwiched between two 3.7 The components of the reactor water cleanup
cm thick steel plates. The primery function (RWC) system are located in the reactor
served by the reactor shield wall is the building.110th the RWC regenerative t nd
reduction of radiation levels in the drywell nonregenerative heat exchangers are located
due to the reactor, to valves that do not in shielded cubic!cs separated from the
unduly limit the service life of the other components of the system. Neither
equipment located in the drywell. In cubicle needs to be entered for system
addition, the reactor shield wall reduces operation. '

ganana heating effects on the drywell wall,
as well as providing for low radiation Process piping between the heat exchangers
levels in the drywell during reactor and the filter demineralizers is routed
shutdown. Penetrations through the reactor through shicided areas or embedded in
shield wall are shleided to the extent that concrete to reduce the dose rate in
radiation streaming through the penetrations surrounding areas. The two RWC system
does not exceed the total neutron and gamma filter demineralizers are located in
dose rates at the core midplane just outside separate shielded cubicles, which allows,,

2 the reactor shield wall. The drywell is an maintenance of one unit while operating the
F radiation zone during full power reactor other. The dose rate in the adjoining*

operatian and is not accessible during this filter demineralizer cubicle from the
period. operating unit is less than 6 mR/hr. Entry

into the filter demineralizer cubicle, which
The drywell wall is a 2m thick reinforced is infrequently required, is via a stepped g
concrete cylinder, hich is topped by a 2.4m shield plug at the top of the cubicle. The
thick reinforced t.ncrete cap. The drywell bulk of the piping and valves .or the filter
wall attenuates radiation from the reactor demineralizers is located in an adjacent
and other radiation sources in the drywell, shleided valve gallery.13ackflushing and
such as the recirculation system and main resin application of Ihc Iil t e r
steam piping, to allow occupancy of the demineralizers are controlled from an area
reactor building during full power reactor where dose rates are less than 1 mR/hr. The
nneration. RWC system backwash receiving tank is also

separately shicided from the other
(2) ar fluilding components of the RWC system, including the

tank discharge pump, which allows
in general, the shieldin for the reactor maintenance of the pump without direct
building is designed to maintain open areas exposure to the spent resins contained in
at dose rates less than 0.6 mR/hr. the-backwash tank. The backwash tank

cubicle is shielded to reduce the dose rate
Penettations of the drywell wall are outside the entry to less than 1 mR/hr.
shielded to reduce radiation streaming
through the penetrations. Localized dose The transverse it. core probe (TIP) consists
rates outside these penetrations are limited o f 3 s e t t, of detectors, cables, and

to less than 5 mR/hr. The penetrations mechanical components which are periodically
through interior shield walls of the reactor driven into the core via three guide tubes
building are shielded using a lead loaded penetrating the primary containment at the

1TMSL 1700 level above the personnel air
lock. A TIP indexer located in the access -

tunnel then permits the TIPS to be driven

O
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f- into any o 52 separate housing lines into work in the area to be do.ie under ar

( the core for instrumentation calibration. controlled radiation work permit (RWP).
'

Because the Tl? syttem is subject to neutron Such a permit is required prior to entry to
activation during core operation, the TIP this area since the area is always

detector and approximately twelve feet of key locked into the access pathway. No 11P
cable are activated as is discussed in activity should be scheduled when RWPs
Subsection 12.2.1.2.9 3. Therefore, the TIP Indicate woik in the area. The sccond
has become a special point of protection measure is a series of two flashing alarms,
both during use and when withdrawn from the one locr.ted in the access way and the second
core as is discussed below. cxternal to the access way by the locked

door. Both alarms are activated upon power
The TIP is utilized for a period of being supplied to the TIP spoolets. The
approximately three hours once a month alarm in the personnel air lock area
during power operations when the reactor is requires evacuation of the area while the
above 507c power. For the forty eight hour alarm on the locked door warns egainst w;
period (see Table 12.2 24) following to the area when fleshing. Tb: .hird
withdrawal of the TIP from the core, special measure is designed to reduce po.ential
precautions are necessarv to protect workers exposure in the event prior measures fall,
from inadvertent exposure to the TIP. During use, the TIP system moves along the
Shielding of the TIP when comnletely separate lines performing specific measure-
withdrawn from the core and stored is ments in the core. Upon withdrawal from the
provided by locating the higher radiation core, the TIPS automatically switch to high
components in a separate shielded room with mode motion, pulling the TIPS from the
a locked entry at the TMSL 1500 level. The indexer to the TIP toom at 90 feet per
TIP itself is withdrawn into a lead shielded minute. This provides an estimated exposure
cask with activated calle covered by a lead time of four seconds for people in the

pd ! during the first 48 hours after withdrawei TIP in motion of less than 100 mrem.
shield to permit entry into the TIP room access entrance and an exposure assuming one

from the core. The TIP location is main-
tained by a set of position sensors which (3) ECCS Components
are alarmed to the control room. Area
radiation monbors in both the TIP room and The ECCS systems are located in separately
its associated nooler room maintain a shicided cubicles. Shield labyrinths are
secondary surves ance of both rooms causing provided to gain entry into the cubicles,
alarms in both the coritrol room and locally and equipment removal doors are shielded
in the TIP facility mandating immediate with removable horizontally ud vertically
egress from the TIP area. In the unlikely lapped concrete block. Piping to and from
event of a spooler failing to stop on TIP the ECCS system is routed through shicided
withdrawal, the TIP system incorporates an pipe chases. Access into the cubicles is
electro mechanical switch which cuts pc.wcr not required to opec < the systems. In
to the spoolers thereby preventing damage to generrl, the radiatiu ! ' els in the open
the system or pulling the TIP onto the corridors of the reactor bMiding are less
spoolers. After a 48 hour cool down period, than 1 mR/hr, except during RilR shutdown
radiation levels are sufficiently red ced cooling mode operation, when radiation
(to less than 20 mrem / hour) to permit main- levels may temporarily range between 1 and 5
tenance activities. mR/hr in areas near the RilR cubicles.

While in use, the TIPS must transverse a The RWC system pumps are located in e
limited but essentially open area from the shielded cubicle designed to reduce the
llP rocm to the drywell penetration. To radiation levels in the adjoining open
protect workers in the access way to the corridor to less than 1 mR/hr. The pumps
personnel air lock from inadvertent exposure are separated by shield walls to allow

O 'h< - ><> <c < t . The ri s' me s r- ePer ii er e er in e -P, -wii-
is primarily administrative requiring any performing maintenance on the other. Dose

!
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of concrete or its equivalent (other material or normal plant surveillance and maintenance
distence) is required on any ray pathway from the shall be kept below the limits of 10CFR20 g
main steam lines to any point which may be during normal power operation. This is W
inhabited during normal operations. The design accomplished by establishing in each area a
of the steam tunnel is shown on Figures 1.214, rearonable compromise between specifications
1.215,1.2 20,1.2 21, and 1,2 28. The tunnel on potential airborne leakages in the area
is classified as Seismic Category I in the and IIVAC flow through the area. Appendix
reactor building and in the control building and 12A to this chapter outlines the methodology
is designed to UDC Seismic Standards in the by which such calculations are madc.
turbine building. The interface bet veen the
buildings provides for bayoael connection to The applicable guidance provided in Regula-
perrnit differential building motion during tory Guide 1.52 has been implemented for the ESF
seismic events and shielding in the areas between filter systems for the control building outdoor
buildings. The exact details on the bayonet air cleanup system and the standby gas treatment
design are not shown on the referenced system (STGS) as described in Subsections 6.5.1
arrangerr.ent drawings but requires complete and 9.4.1.
shielding in the building interface area. The
tunnel also serves a secondary purpose as a 12J3.2 Design Description
relief and release pathway for high energy events
in the reactor building. Any high energy event In the following sections, the design fea.
(line break) in the reactor Niding will, tures of the various ventilation systems that
through a series of blow out pancis, vent into achieve the radiation control design objectives
the steam tunnel and from the steam tunnel are discussed. For all areas potentially having
through the tunnel verit shaft to the turbine airborne radioactivity, the ventilation systems
building (see Figure 1.2 28) for processing to are designed such that during normal and mainte.
the plant stack. See Subsection 6.2.3.3.1 for nance operations, airflow between areas is
more complete description of this function. always from an area of low potential contamina-

tion to an area of higher potential contamina- g
12.3.3 Ventilation tion.

The llVAC systems for the various buildings in 12.33.2.1 Control Room Ventilation
the plant are discussed in Section 9.4, including
the design bases, system descriptions, and evalua. The control building atmosphere is main-
tions with regard to the heating, coollag, and tained at a slightly positive pressure (up to
ventilating capabilities of the systems. This 0.5 in. wg) at all times, except if exhausting
section discusses the radiation control aspects or isolation are required, in order to prevent
of the HVAC systems, infiltration of contaminants. Fresh air is

taken in via a dual inlet system, which has both
1233.1 Design Objectives intake structures on the roof of the building.

The inlets are arranged with respect to the SGTS
The following design objectives apply to all exhaust stack such that at least one of the

building ventilation systems: intakes is free of contamination after a LOCA.
Both inlets, however, can be submerged in con.

(1) The systems shall be designed to make air- taminated air from a 1,0CA, but the calculated
borne radiation exposures to plant personnel dose in the control room from such an eventual-
and releases to the environment ALARA. To ity is still below the limit of Criterion 19 of
achieve this objective, the guidance pro. 10CFR50, Appendix A.
vided in Regulatory Guide 8.8 shall be fol-
lowed. Outside air coming into the intakes is not.

mally filtered by a particulate filter. If a
(2) The concentration of radionuclides in the high radiation levelin the air is detected by

air in areas accessible to personnel for the altborne radiation monitoring system, flow
is automatically diverted to another filter

| train (an outdoor air cleanup unit) that has: g
|
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(1) a particular filter; (2) electrical equipment area, cable tunnels,1

cable spreading rooms, remote control panel
(2) a llEPA filter; area, diesel generator rooms, reactor inter-

,

'

nal pump panel rooms, and the heating and
(3) a charcoal filter; and ventilating equipment rooms; and

,

1

(4) another ilEPA filter. (3) steam tunnel (this room also contains a po. I

tential source of radioactive material
Two redundant, divisionally separated ra- leakage).

diation monitors and filter trains are prov' eed.!

(See Subt.ection 9.4.1 for detailed description of Air pressure in the rooms in Zone 1 is main.
the design.) Conservative calculations show that tained slightly below outside atmospheric pres-
the filters keep the dose in the control room sure by a fresh air supply and exhaust system.
from a LOCA below the limits of Criterion 19 of The supply air is filtered by a particulate
10CFR50, Appendix A. filter. The exhaust stream is monitored for ra-

dioactivity, and if a high activity level is de.
The outdoor cleanup units are located in in. tected, the exhaust stream is diverted to the

dividual, closed rooms that help prevent the SOTS.
spread of any radiation during maintenance. Ad.
equate space is provided for maintenance ac. Normally, exhaust air is drawn from the cor- i

'

tivities. The particulate and llEPA filters can ridor and various rooms. The exhaust duct has
be bagged when being removed from the unit. two isolation valves in series and a radiation
Before removing the charcoal, any tr5 "%ity monitor. The valves isolate the system if high

od arne radioactivity is. detected by the ra-is allowed to decay to minimal le 4 e ~
then removed through a connection in k wp isl Nonitor. . >

of the filter by a pneumatic transh y;m
Air used in the transfer system goes (Lap 1;wr.e 4 of the reactor building is maintained .

O ><er^ fii< r hefer h in ha i 4. va< as=. at a re,.iiive cressure a rins nermai ereratien.
can worn during maintenance activities, if
desired. For a description of the reactor building

IIVAC system, see Subsection 9.4.5.'
12JJJ.2 Drpell

12JJ.2.4 Radweste Building ;

Access into the drywell is not permitted
during normal operation. The ventilation system The radwaste building la divided into two '

inside merely circulates, without filtering, the zones for ventilation purposes. The control
air. The only airflow out of the drywell into ac. room is one zone. **.J the remalader of the build. ,

cessible areas is minor leakage through the wall. Ing is the other zone. The air pressure in the ;

first zone h maintained slightly above atmo.
During maintenance, the drywell air is spheric, while the air pressure in the second

purged before access is allowed, rone is maintained slightly below atmospheric.-
Air in the second rone is drawn from outside the

123JJJ Reactor Hullding building and distributed to various work areas
within the building. Air flows from the work

The reactor building ilVAC system is divided areas and 16 then discharged via the reactor
into three zones, which are separated by building stack. An alarm sounds in the control
leaktight, physical barriers. The zones include: toom if the exhaust fan falls. The exhaust flow

is monitored for radioactivity, and if a high ac-
(1). secondary containment (this area contains tivity level is detected,~ the potentially radio-

equipment that is a potential source of ra- active cells _are automatically isolated, but
dioactivity and if a leak occurs, the other ' - altflow through the. work areas 1 continues.
accessible areas of the building are not con-
taminated);. If the exhaust flow high radiation alarm con-

O tinues to annunciate after the tarQ 'and pump

- Amendment 21 12.3-13.2
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rooms are isolated, the work area branch eshaust
ducts are selectively manually isolated to g
locate the involved building area. Should this W
technique fail, because the airborne radiation
has spread throughout the building, the control
room air conditioning continues, but the air con-
ditioning for the balance of the building is shut
down

The weik area's exhaust air is drawn through
a filter unit consisting of a particulate filter,
a lilIPA filter, a charcoal filter, and then
another llEPA filter, before being discharged to
the reactor building stack. The air is monitored
for radioactivity, and if a high level is de-
tected, supply and exhaust is terminated, and the
SGTS is started.

Maintenance provisions for the filters are
similar to those for the control building IIVAC
system.

See Subsection 9.4.6 for a detailed discus-
sion of the radwaste building IIVAC system.

O

O
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12.3A Area Radiation and Alrhorne Radioactivity activity in work areas prior to entry

O Monitoring Instrumentation where potential levels exist that may
exceed the allowable concentration

The following systems are provided to monitor limits. The instrumentation provided to :

area radiation and altborne radioactivity within monitor althorne radioactivity is I

the plant: classified as non.cssential.

(a) The atca radiation monitoring system 123.4.1 ARM System Description |
(D21/ ARM) continuously measure, indicate

'

and record the gamma radiation levels at The area radiation monitoring system consists
strategic locations throughout the plant of gamma sensitive detectors, digital area ;

except within the primary containment, radiation monitors, local auxiliary units with
and activate alarms locally as well as indicators and local audible warning alar ns, and j
in the control room or, high levels to recording devices. The detector signals are ,

warn operating personnel to avoid digitized and optically multiplexed fe,r |
unnecessary or inadvertent exposure. transmission to the radiation monitors in the
This system is classified as non. mah controt room.-, Each ARM radiation channel i

essential, has two independently adjustable trip alarm
circuits, one is set to trip on high radiation .

(b) The containment atmospheric monitoring 'and the other is set to trip on downscale
system (D23/ CAM) continuously tmeasure, indication (loss of sensor input) Also, each
indicate, and record the gamma radiation ARM monitor is equipped with self test feature
levels within the primary containment that monitors for gross failures and will
(drywell and suppression chamber), and activate an alarm on loss of power or when a
activate alarms in the main control room failure is detected. Auxiliary units with local
on high radiation levels. As described alarms are provided in selected local areas for
in Section 7.6.2, four gamma sensitive radisticn indication and for activating the !

O i c' 6 ' ch i ' c'evid d te ie i #di6i i 6 e' i ' i " ' i
monitor gamma radioactivity in the area radiation channel is powered from the
primary containment during normal, non.1E vital 120 Vac source which is
abnormal and accident conditions. Each continuously available during loss of off.stte
of the four monitoring channejs cover power. The recording devices are powered from
the range from 1R/hr to 10 R/hr. the 120 Vac instrument bus. ,

The CAM system is classified as
'safety.teiated. 12J.4.2 ARM Detector lecation and Sensitirity

(c) The airborne radioactivity in effluent The location of each area detector is shown
releases and ventilation exhausts is on the plant layout drawings for each building,
continuously sampled and monitored by Figures 12.3 56 through 12.3 73. The specific
the process radiation monitoring system area radiation channels for each building are

*(D11/PRM) for noble gases, air listed in Tables 12.3 3 through 12.3 7, along
particulates and halogens. As described with reference to map location of the detector, i
.a Section 11.5, the presence of ' the channel sensitivity range, and the areas for ;

altborne contamination is sampled and the local alarms. The range and sensitivity of .'
monitored at the stack common discharge, each area radiation channelis classified as !
In offgas releases, and in the vent. follows: ;

ilation exhaust from buildings. Samples :
2 Iare periodically collected and analyzed a. Range 10 mR/hr to 10 mR/hr .11 (Illgh

'

for radioactivity, in addition to this Sensitivity) ;

instrumentation, portable air samplers.
*I 3

are used for compliance with 10CFR20 b, Range 10 mR/hr to 10 mR/hr . M (Med.
restrictions. This portable system is- lum Sensitidty)- '

designed to mcet the criteria of DAC !

O 3.28 nd<neniie ide aie-
1

-

.

.
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4
c. Range 1 mR/hr to 10 mR/hr L (1xw The area radiation monitoring system includes

Sensitivity) instrumentation provided to assess the radiation
conditions in crucial areas in the reactor

6
d. Range 10 mH/hr to 10 mR/hr . LL (Iow building (the RilR equipment areas) where access

low Sensithity) may be required to service the safety related

*I
c. Range 10 R/hr to 10 R/hr VL(Very

law Sensithity

123.43 Pertinent Design Parameters and
Requirements

Two high tange radiation channels are provided
to monitor radiation from accidental fuel
handling. One detector is positioned near the
fuel pool and the other located in the fuel
handling area. Criticality detection monitors
are not needed to satisfy the criticality
accident requirements of 10CFR70.24, because the
AllWR design utilites specialized high density
fuel storage racks that preclude the possibility
of criticality accident under normal and abnormal
conditions. The new fuel bundles are stored in
racks that are located in the fuel vault while
the spent fuel bundles are stored in racks that
are placed at the bottom of the fuel storage
pool. A full array of loaded fuel storage racks
are designed to be subcritical as defined in g
Sections 9.1 and 9.";.

The detectors and radiation monitors are
responsive to gamma radiation over an energy
range of 80 kev to 7 McV. The energy dependence
will not exceed 20% of point from 100 kev to 3
McV. The overall system design accuracy is
within 9.5% of equivalent linear full scale
recorder output for any decade.

The alarm setpoints will be established in the
field following equipment installation at the
site. The exact settings will be based on sensor
location, back ground radiation levels, expected
radiation levels, and low occupational Ndiation
exposures. The h!gh radiation alarm setpoint for
each channel is set slightly above the background
radiation level that is normal to the area.

The area radiation monitoring instrumentation
is designed to provide early detection and
warning for personnel protection to insure that
occupational radiation exposures will be as low
as is reasonably achieved (ALARA) in accordance
with gu+'ines stinulated in R.G. 8.2 and R.G. g8.8.

Amendment 2t 12.3-11
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12.3.5 Post Accident Access from the clean access corridor a: the 4800 level

(] Requirernents (Il1F) and up three floors to the 23500 level
(3F). There are two c.ccess corri dors, clean'

The locations requiring access to rnitigate the and dirty, with contamination in those areas
consequences of an accident during the 100 day limited to air inflitration from the environment
post. accident period are the control room, the and penetration leakage from the PASS system.
technical support center, the remote shutdown in addition, the lines penetrating the PASS toom
panel, the primary containment sample station are doubly valved permitting line isolation in
(post accident sample system), the health physics the event of any potential rupture. Sources of
facility (counting room), and the nitrogen gas radiation therefore are limited to minor leakage
supply bottles. Each area has low post LOCA and gamma shine including the stack monitor room
radiation levels. The dose evaluations in which contains only instrumentation and
Subsection 15.6.5 are within regulatory associated penetrations for monitoring stack
guidelines. e f flue nt.

Access to vital areas through out the reactor 12.3.6 Post Acchlent Radiation
building / control building / turbine building Zone Maps
complex is controlled via the service building.
Entrance to the service building and access to The post accident radiation rone maps for the
the other areas are controlled via double locket. areas in the reactor building are presented in
secured entry ways. Access to the reactor Figures 12.312 through 12.3 22. The rone maps
building is via two specific routes, one for represent the maximum gamma dose rates that
clean access and the second for controlled exist in these areas during the post accident
access. During a event such as a design basis period. These dose rates do pat include the
accident, the service building / control building aisborne contribution in the reactor building.
are maintained under filtered ilVAC at a positive
pressure with respect to the environment. Air Post accident rone maps of the control

O i riii iie i -i i-i a 6x re iiiv rie- vi- 6 iidi a a i >di 6 iidi a cr i a i-
double entry ways. Therefore, radiation exposure Figures 12.3 54 and 55 respectively. The rone
is limited to gamma shine from the reactor maps are designed to reflect the criteria
building, turbine building, main steam line established in Subsection 3.1.2.2.10.
access corridor, and skyline. This shine is
minimized by locating highly populated areas 12.3.7 Deleted
below ground.

During a design basis accident event, access 12.3.8 References
to remote shutdown panel, nitrogen bottles, and
the PASS and monitor systems is controlled from 1. N. M. Schaeffer, Reactor Shictding for
the service building via the controlled access Nuclear Engineers, TID 25951, U.S. Atomic
way. These corridors are not maintained under Energy Commission (1973).
filtered positive pressure so that personal
protection equipment (radiation protection suits, 2. J.11. Ilubbell, Photon Cross Sections,
breathing gear, etc.) will be required in the Attenuation Coefficients, and Energy
access corridor. Primary contamination would Absorption Corfficients from 10 Krl'to 100
occur from leakage through the PASS system and GrP, NSRDS-NBS20, U.S. Department of
air infiltration from the environment. Both Commerce, August 1969.
pathways are considered minimal and minor
contamination under even the most adverse 3. Radiological 1/calth Handbook, U.S.
conditions is expected. Department of Ilealth, Education, and

Welfare, Revised Edition, January 1970.
The reactor building vital areas are all

located off one of of the two primary access ways 4. Reactor flandbook, Volume 111, Part 11, E.P.

except the nitrogen bottle areas which are Blizzard, U.S. Atomic Energy Commission
dp located on the refueling floor and are accessible (1962).
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5. Lederer, llollander, and Perlman, Table of
Isotopes, Sixth Edi: ion, (1968), h

6. M.A. Capo, Polynornlal Approximation of
Gamma Ray Buildup Factors for a Point
Isotropic Source, APEX 510, November 1958.

7. Reactor Physics Constants, Second Edition,
ANL 58(0, U.S. Atomic Energy Commission,
July 1%3.

8. ENDF/B.lli and EliDF/B IV Cross Section
Libratics, Brookhaven National Laboratory.

9. PDS 31 Cross Section Library, Oak Itidge
National Laboratory.

10. DLC 7, ENDF/D Photo Interaction Library.
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12A.1 CALCULATION OF n" = the kth removal constant for
AIRHORNE RADIONUCLIDES the Jih source and the ithO radionuclide as discussed

This appendix presents a simpilfled below,

methodology to calcutate the airborne concen.
trations of radionuclides in a compartment. This A, = radionuclide decay constant
methodology is conservative in nature and
assumes that diffusion and mixing in a Daluation Parameters
compartment is basically instantaneous with
respect to those mitigating mechanisms such as The following parameters require evaluation on a
radioactive decay and eher removal tocchanisms. case by case basis dictated by the physical parameters'

The following calculations need to be performed and processes germaine to the modeling process.

on an isotope by isotope basis to verify airborne
concentrations are within the limits of 10CFR20. (1) S . is d: lined as the source rate for radionuclide i

Irho the compartment. Typically these sources take

(1) For the compartment, all sources of airlerne the form of:
radionuclides need to be identified such as:

(a) Inflow of contaminated air from an upstream

(a) Flow of contaminated alt from other compartment. Given the concentration of
areas radionuclide 1, c , in this air and a flow rate of

'r', the source ra,te then becomes S re'.U
(b) Gaseous releases from equipment in the

compartment (b) Production of airborne radionuclides from
equipment. This typically takes two forms,

(c) Evolution of airborne sources from gaseous leakage, and liquid leakage.
sumps or water | caking from equipment

(i) For gaseous leakage sources, the source
(2) Second, the primary sinks of airborne rate is equal to the concentration ofO radionuclides need to be identified. This will radionuclide 1, c,, and the leakage rate, *r*,

primarily be outflow from the compartment or S = tc,.ubut may also take the form of condensation
onto room coolers, (ii) For liquid sources, the source rate is

similar but more complex. Given aliquid
(3) Given the above information the following concentration e and a leakage rate,'r', the

equation will calculate a conservative total release Irom the leak is te . The
concentration, fraction of this release which then idcomes

altborne is typically evaluated by a
S partiti n fact r, P which may be conser.

C' =-[ h ( A, + g R,)
u

vately estimated fro,m:V4

*
Where: Noble Gases P, = 1

C, = Concentration of the ith h, . h,
radionuclidesin the room All others P, =

~ hh' I
V = Volume of room

where: h= saturated liquid'
S = The jth source (rate) of the enthalpy
U ith radionuclide to the room,

These sources are discussed h' = saturated liquid
below. enthalpy at one

atmosphere =
100.10 Kcal/Kg
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h= 5aiuIaied Yapor (2) The compartment contains a pump carrying reactor
'

enthaipy at one coolant witp a maximum specified leakage rate of
atmosphere = 639.18 020034 m per hour at 273.6 C.
Kcal/Kg

(a) Conservatively it can be esthnated based upon
Therefore the liquid release rate properties from steam tables (see note 1) that

becomes, re,P . under these conditions 44% of the liquid will
g

flash to steam and become airborne. Along
is defined as the removal rate with the flashing liquid it is assumed that a

(2) R,Mstant and typically consists of: proportional amount of 1131 will becomeco

(a) Exhaust rate from the compar.
tment. This term considers not (b) Using the design basis lodine concentrations
only the exhaust of any initially for reactor water from Table 11.12 of 0.016
contaminated air but also any clean pCi/gm of 1131,it is calculated that the
air which may be used to dilute the pugp is providing a source of I.131 of 5.0 x
compartment air. 10 Cl/see to the air. (see Note 2)

(b) Co npartment filter systems are Second, the sinks for airborne material need to le
treated by the equation: Identified. This example include only exhaust which

is categorized as flow ou,t of the compartment at
R = (1 F,) * r, 150% per hour or 4.2 x 10 per second.

where r, = filter system flow Therefore, for an equilibrium situation, the 1 131
rate hlrborne concentration from this liquid source

would be calculated from the following equation.
F= filter eff' te.ncy

I
for radionuctide i A - S,/ ( A+ R ) + b /(K+ R ), where ht 2 2

(c) Other removal factors on a case by S,= sourg rate in Curies per second = 5.0
case basis which may be deemed- x 10' Ci/sec from liquid
reasonable and conservative.

S*= source rate from inflow = 2.4 x 10'II '
Example Calculation Ci/sec

|
.

= isotope decay const9nt in units of per(Values us'ed below are examples only and
.

should not be used in any actual evaluation.) second = 9.977 x 10' /sec

This example will look at 11|1 in a- R= R = removal rate congant per second
compartment 6.1x6.1x7.6 = 282.80 m = V (e,xfiltration) = 4.2 x 10 per second3

First all primary source of radionuclides A ~ = 6.2 x 10'I pCi/mlofI 131.
needs to be identified and categorized.'

Notes:
8

(1) Flow into the compartment equals 424.8m .
per hour with thejnput 1 131 concen tration 1. The assumption of 44% flashing at 273.6"C is
equal to 2 x 10' yCi/ml gom upstream extremely i;onservative, see Reference 1 for a

. compartments) or'2.4 x 1 Ci/sec.' No discussion oi fission. product transport,
other sources of air either contaminated or -
clean air are assumed. - 2.' Water density assumed at 0.743 gm/cm' based upon

standard tables for water at 273.6 C.

O
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designs. During the construction and testing 14.2.2.5 Interrelationships and Interfaces
phases of the plant cycle GE personnel are onsite g
to offer consultation sd technical direction Effective coordination between the various
with regard to GE supplied systems and equip- site organizations involved in the test program
ment. The GE resident site manager is respon- is achieved through the SCG which is composed of
sible for all GE supplied equipment disposition representatives of the plant owner / operator, GE,
and as the senior NSSS vendor representative on- and others. The duties of the SCG are to review
site is the official site spokesman for GE. lie and approve project testing schedules and to
coordinates with the plant owner's normal and effect timely changes to construction or testing
augmented plant staff for iLe performance of his lu order to facilitate execution of the preoper-
duties which are as follows: ational and initial startup test programs.

(1) reviewing and approving all test procedures, 14.2.3 Test Procedures
changes to test procedures, and test results ,,

for equipment and systems within the GE in general, testing during all phases of the
scope of supply: initial test program 16 conducted using detall- )

ed, step by step written procedures to control
(2) providing technical direction to the station the conduct of each test. Such test procedures

staff; specify testing prerequisites, describe desired .]
initial conditions, include appropriate methods

(3) m6baging the activities of the GE site to direct and control test performance (includ.
personnel in providing technical direction ing the sequencing of testing), specify accep-
to shift personnel in the testing and opera- tance criteria by which the test is to be
tion of GE supplied systems; evaluated, and provide lor or specify the format

by which data or observations are to be record.
(4) liaison between the site and the GE San Jose ed. The procedures will be developed and

home office to provide rapid and effective reviewed by personnel with appropriate technical
solutions for problems which car not be backgrounds and experience. This includes the g
solved onsite; and participation of principal design organizations

in the establishment of test performance require-
(5) participating as a member of the Startup ments and acceptartec criteria. Specifically, GE

Coordinating Group (SCG). [ Note: The will provide the plant / operator referencing the
official designation of this group may ABWR Standard Plant design with scoping
differ for the plant owner / operator documents (i.e., preoperational and startup test
referencing the ABWR Standard Plant design specifications) containing testing objectives
and SCG is used throughout this dicussion and acceptance criteria applicable to its scope
for illustrative purposes only.) of design responsibility. Such documents shall

also include, as appropriate, delineation of
14.2.2.4 Others specific plant operational conditions at which

tests are to be conducted, testing methodologies
Gther concerned parties, outside the plant to be utilized, specific data to be collected,

staff organization, such as the architect- and acceptable data reduction techniques,
engineer, the constructor, the turbine generator Available information on operating and testing
supplier, and vendors of other system and equip- experiences of operating power reactors will be
ment, will be involved in the testing progra n to factored into test procedures as appropriate.
various degrees. Such involvement may be in a Test procedures will be reviewed by the SCG and
direct role in the startup group as discussed will receive final approval by designated plant
above or in an indirect capacity offering con. management personnel. Approved test procedures
sultation or technical direction concerning the for satisfying the commitments of this chapter
testing, operation, or resolution of problems or will be made available to the NRC staff
concerns with equipment and systems for which approximately 60 days prior to their intended
they .are responsible or are uniquely familiar use for preoperational tests and 60 days prior
with, la scheduled feel loading for power ascension

htests.
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1 14.2.4 Conduct of Test Program

The initial test program is conducted by the
startup group in accordance with the startup
administrative manual. This manual contains the
administrative procedures and requirements that
govern the activities of the startup group and
their interfaces with other organizations. The
startup administrative manual receives the same
level of review and approval as do other plant
administrative procedures. It defines the spe.
cific format and content of preoperational and
startup test procedures as well as the review and
approval process for both initial procedures and
subsequent revisions or changes. The start up
manual also specifies the process for

(

(NO
Amendment 21 14.2 3.1
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f review and approval of test results and for re- within the test phases.
! solution of failures to meet acceptance crite-

ria and of other operational problems or design 14.2.6 Test Records
! deficiencies noted. It descritas the various

phases of the initial test program and estabil- Initial test program results are compiled and '

shes the requirements for progressing from one maintained according to the startup manual,
phase to the next as well as those for moving be- plant administrative procedures, and applicable ,

yond selected hold points or milestones within a regulatory requirements. Test records that ;
,

given phase. It also describes the controls in demonstrate the adequacy of safety related
place that will assure the as tested status of components, systems and structures shall bc |
cach system is known and that will track modi- retained for the life of the plant. Retention
fications, including retest requirements, deemed periods for other test records will be based on'

necessary for systems undergoing or already cons!deration of their usefulness in
having completed specified testing. Additional. documenting inillal plant performance
ly, the startup manual delineates the qualifica- characteristics,.

tions and responsibilities of the different
positions within the startup group. The stattup 14.2.7 Conformance of Test Program with
administrative procedures are intended to supple. Regulatory Guides
ment normal plant administrative procedures by
addressing those concerns that are unique to the The NRC Regulatory Guides listed below were
startup program or that are best approached in a used in the development of the initial test
different manner. To avoid confusion, the start- program and the applicable tests comply wl:h
up program will attempt to be consistent with these guides except as noted. The applicable
normal plant procedure where practical. The revisions of the regulatory guides listed below
plant staff will typically carry out their duties can be found in Table 1.8 20.
according to norraal plant procedures liowever,
'in areas of potential conflict with the goals of (1) Regulatory Guide 1.68 Inlllal Test
the startup program, the startup manual or the Programs for Water Cooled Nuclear Power
individual test procedures will address the Plants. <

required interface. ;

(2) Regulatory Guide 1.68.1-Preoperatios el and
14.2.5 Review, Evaluation, and Approval Inillal Startup Testing of Feedwater and
of Test Results Condensate Systems for Briling Water Reactor

Power Ps' ants.
Individual test results are evaluated and

reviewed by cognizant members of the startup (3) Regulatory Guide 1.68.2 Inliial Startup
group. Test exceptions or acceptance criteria Test Pnyam to Demonstrate Remote Shutdown
violations are communicated to the affccted and Capability for Water Cooled Nuclear Power
respontible organizations who will help resolve Plants,
the issues by suggesting corrective actions,
design modifications, and retests. GE and others (4) Regulatory Guide 1.68.3 Preoperational

| outside the plant staff organization, as Testing of instrument and Control Air
appropriate, will have the opportunity to review Systems,
the resulta for conformance to predictions ard
expectations. Test results, incluoing final (5) Regulatory Guide 1.20-Comprehensive
resolutions, are then reviewed and approved by Vibration Assessment Program for Reactor
designated startup group supervisory personnel. Internals During Preoperation and Inlllal,

Final approval is obtained from the SCG and the Startup Testing.'

appropriate level of plant management as defined
in the startup administrative manual, The SCG (6). Regulatory Guide 1.41 Preoperational
and the designated level of plant management will- Testing of Redundant Onsite Electric Power
also have responsibility for final review and Systems to Verify Proper Load Group
approval of overall test phase results and of Assignments.q

G that for selected milestones er hold points
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(7) Regulatory Guide 1.52.. Design, Testing, To the extent practicable throughout the pre.

O and Maintenance Criteria for Engineered operational and initial startup test program,
. Safety Feature Atmosphere Cleanup System test procedures will utilire operating, emer.
Air Filtration and Adsorption Units of gency, and abnorma\ procedures where applicable
Light Water Cooled Nuclear Power Plants. in the performance of tests. The use of these

procedures is intended to do the following:
(8) Regulatory Guide 1.56- Maintena.1ce of Water

Purity in Bolling Water Reactors. (1) prove the specific procedute or illustrate
changes which may be required;

(9) Regulatory Guide 1.95..P 9tection of
Nuclear Power Plant Control Room Operators (2) provide training of plant personnel in the
Against an Accidental Chlorine Release. use of these procedurest and

(10) Regulatory Guide 1.108.. Periodic Testing of (3) increase the level of knowledge of plant
Diesel Generators Used as Onsite Electric personnel on the systems being tested.
Power Systems at Nuclear Power Plants.

A testing procedure utilizing an operating.
.

(11) Regulatory Guide 1.139..Guldance for emergency, oi .5 normal procedure will reference 4

Residual Heat Removal. the procedure 8(rectly, extract a series of
steps from the rocedure, or both in a way that

(12) Regulatory Guide 1.140.. Design, Testing and_ is opt | mum to accomplishing the above goals
Maintenance Criteria for Normal Ventilation while efficiently performing'the specifled
Erhaust System Air Filtration and Absorbtlon testing.
Units of Light Water Cooled Nuclear Power
Plants. 14.2.10 Initial Fuel Imading and Initial

Criticality
14.2.8 Utillration of Reactor Operating

O d T e ii = c > erie ee i ih e n eveie v - e i e i ie di a i iii i <>iiic iiir -
of Test Program conducted in a very controlled manner in

accordance with specific written procedures as
Since every reactor / plant in a GE BWR product part of the startup test phase (see Subsection

line is an evolutionary development of the 14.2.12.2). Approval for commencement of fuel '
previous plant in the product line (and each loading is granted by the NRC after it has bcen
product line is an evolutionary development from verified that all prerequisite testing has been
the previous product line), it is evident that satisfactorily completed. However, there may be
the ABWR plants have the benefits of experience unforeseen circumstances that arise that would
acquired with the successful and safe startup of prevent the completion of all preoperational
more than 30 previous BWR/1/2/3/4/5/6 plants. testing (including the review and approval of
The operational experience and knowledge gair. d the test results) that would not necessarily
from these plants and other reactor types nas justify the delay of fuel loading. Under such
been factored into the design and test speci. circustances, the applicant referencing the ABWR
fications of GE supplied systems and equipment design m'ay decide to request permission from the
that will be demonstrated during the preopera. NRC to proceed with fuelloading. If portions
tional and startup test programs. Additionally, of any preoperational tests are intended to be
reactor operating and testing experience of conducted, or their results approved, after
similar nuclear power plants obtained from NRC commencement of fuel loading, then the following
Licensee Event Reports and through other industry shall be documented in such a request: (1) list
sources will be utilized to the extent each test; (2) state which portions of ecch test
practicable in dweloping and carrying out the will be delayed until after fuel loading; (3)
initial test prog' _ provide technical justification for delaying

these portions; and (4) state when each test
14.2.9 Trial i a of Plant Operating and will be completed and the results approved.
Emergency Procedures

O
Amendmem 21 14.2 4
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14.2.10.1 Pre Fuel Load Checks

Once the elrnt has been declared ready to
load fuel, thc.e are a number of specific checks

|lhat shall be made prior to proceeding. Thesc
; include a final review of the Preoperational

test results and the status of any design
changes, work packages, and/or retests that were
initiated as a result of exceptions noted during
this pl.ase. Also, the technical specifications

,

surveillance program requirements, as described
in Chapter 16, shall be institu:ed at this time
to assure the onerability of systems required
for fuel loading, Just prior to the initiation
of fuel loading the proper vessel water level

land chemistry shall be verified and thes

calibration and response of nuclear instruments
should be checked.

14.2.10.2 Initial Fuel Loading

Fuel loading requires the movement of the
full care complement of assemblies from the fuel

,

9

O
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pool to the core, with each assembly being test procedure preparation will be scheduled

(V9
identified by number before being placed in the such that approved procedures are availabie
correct coordinate position. The procedure approximately 60 days prior to their intended
controlling this movement will specify that use or 60 days prior to fuel load for power
shutdown margin ond subcritical checks be made at ascension test procedures. Although there is
predetermined intervals throughout the loading, considerable flexibility available in the
thus ensuring safe loading increments. in vessel sequencing of testing within a given phase there
neutron monitors provide continuous indication of is also a basic order that will result in the
the core flux level as each assembly is added. A most efficient schedule. During the preopera-
complete check is made of the fully loaded core tional phase, testing should be performed as
to ascertain that all assemblies are properly system turnover from construction allows, llow-
installed, correctly oriented, and occupying ever, the interdependence of systems should also
their designated positions. be considered so that commre ' . oort systems,

'on, servicesuch as eb .rical power d -

14.2.10.3 Pre Criticality Testing and instrument air, and the vt w. AkCup WalCr
and cooling water systems, n .;sted as early

Prior to initial criticality the shutdown as possible. Sequencing of testing during the
margin shall be verified for the fully loaded startup phase will depend primarily on specified
core. The control rods shall be functional and power and flow conditions and intersystem pre-
scram tested with the fuel in place. The post requisites. To the extent practicable, the

_

fuel load flow test of the reactor internals vi. schedule should establish that, prior to ex-
bration assessment program, if applicable, shall cceding 25% power, the test requirements will be
be conducted at this time e, well. Additionally, met for those plant structures, systems, and
a final verification that the required technical components that are relied on to prevent, limit,
specification surveillances have be n performed or mitigate the consequences of postulated acci-

j r611 be made. dents. Additionally, testing shall be sequenc- |
cd so that the safety of the plant is never

14.2.10.4 initial Criticality totally dependent on untested systems, compo-Q nents, or features. Power ascension testing
initial criticality shall be achieved in an will be conducted in essentially three phases:

orderly, controlled fashion following specific (1) initial fuel loading and open vessel
detailed procedures in an approved rod withdrawal testing: (2) Testing during nuclear heatup to
sequence. Core neutron flux shall be continuous- rated temperature and pressure: and (3) power

i ly monitored during the .'proach to criticality operation testing from 5% to'100% rated power,
and periodically compared w predictions to allow Further, power operation testing will be divided
early detection and evaluation of potential ano- into three sequential testing plateaus as shown
malics, on Figure 114.21. The testing plateaus consist

of low power testing at less than 25% power, mid
14 2,11 Test Program Schedule power testing up to about 75% power between

approximately the 50% and 75% rad lines, and
The schedule, relative to the initial fuel high power testing along the 100% rad line up to

load date, for conducting each major phase of the rated power. Thus, there will be a total of
initial test program will be provided by the ap- five different testing plateaus designated as
plicant referencing the ABWR Standard Plant described on Figure 14.2-1. Table 14.21
design. This includes the timetable for ge- indicates in which testing plateaus the various
neration, review, and approval of procedures as power ascension tests will be performed.
well as the actual tes'iea, and analysis of re- Although the order of testing within a given
suits. As a minimum, at least 9 months should be plateau is somewhat flexible, the normal
allowed for conducting the preoperational phase recommended sequence of tests would be: (1) core
prior to the fuel loadirig date and at least 3 performance analysis: (2) steady state tests:
months should be allowed for conducting the (3) control system tuning: (4) system transient
startup and power ascension testing that commen- tests: and (5) major plant transients (including

q ces with fuel loading. To allow for NRC review, trips). Also, for a given testing plateau,
N1
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testing at lower power levels should generally be
performed prior to that at higher power levels. &
The detailed testing schedule will be generated W
by the applicant referencing the ABWR Standard
Plant design and will be made available to the
NRC prior to actual implenientation. The schedule

- will then be maintained at the job site so that
' it may be updated and continually optimized to

reflect actual progress and subsequent revised >

projections.

14.2.12 IndividualTest Descriptions ,

_

14.2.12.1 PreoperationalTest Procedu es

The following general descriptions relate the
objectives of each preoperational test. During
the final construction phase, it may be necessary
to modify the preoperational test methods as
operating and preoperational test procedures are
developed. Consequently, methods in the
following descriptions are general, not specific.

.

.
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Specific testing to be performed and the (a) verification that all sensing devices
O applicable acceptance criteria for each pre- respond to actual process variables and
V operational test will be documented in detailed provide alarms and trips at specified

test procedures to be made available to the NRC values;

approximately 60 days prior to their intended
use. Preoperational testing will be in accor- (b) proper operation of system instrument-
dance with the detailed syuem specifications and ation arid any associated logic, includ-
associated equipment specifications for equipment ing that of the automatic depressuri-
in those systems (provided as part of scoping zation system (ADS);
documents to be supplied by Gu and others as
described in Subsection 14.2.3). The tetts (c) proper operation of MSIVs and main
demonstrate that he installed equipment and steamline drain ' calves, including veri-
systems perform within the limits of these speci- fication of closure time in the isola-
fications. To insure that the tests are con- tion mode, and test mode,if applicable;
ducted in accordance with established methods and
appropriate acceptance criteria, the plant and (d) verification of SRV and MSIV accumulator
system preoperational test specifications will capacity;

also be made available to the NRC.
(c) proper operation of SRV air piston

The preoperational tests anticipated for the actuators and discharge line vacuum
ABWR Standard Plant are listed and described in breakers;
the following paragraphs. Testing of systems
outside the scope of the ABWR Standard Plant, but (f) verification of the acceptable leak
that may have related design and therefore tightness and overall integrity of the
testing require:nents, are discussed in Subsection reactor coolant pressure boundary via
14.2.13, along with other interface requirements the leakage rate and/or hydrstatic
related to the initial test program, testing as described in Section

5.2.4.6.1 and 5.2.4.6.2 respeetive1y;
14.2.12.1.1 Nurlear Boller System and
Preoperational Test

(g) proper system instrumentation and
(1) Purpose equipment operation while powered from

primary and alternate sources, including
To verify that all pumps, valves, actuators, transfers, and in degraded modes for
instrumentation, trip logic, alarms, annun- which the system and/or components are
ciators, and indications associated with the expected to remain operational.
nuclear boiler system function as specified.

Oth; checks shall be performed, as appro- |
(2) Prerequisites priate, ; .:monstrate that design requirements,

such as those for sizing or installation, are
The construction tests have been success- met via as built calculations, sisual inspec-
fully completed and the SCG has resiewed the tions, review of qualification documentation or
test procedure and has approved the initia- other methods. For instance, SRV setpoints and
tion of testing. All required interfacing capacities shall be verified from certification |
systems shall be available, as needed, to or bench tests to be consistent with applicable
support the specified testing and the requirements. Additionally, proper installation
appropriate system configurations, and setting of supports and restraints for SRV

discharge piping will be verified as part of the
(3) General Test Methods and Acceptance Criteria testing described in 14.2.12.1.51.

| Performance shall be observed and recorded 14.2.12.1.2 Reactor Recirculation System
| during a series of individual component and Preoperational Test

; integrated system tests to demonstrate the

Q following: (1) Purpose
!
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To verify the proper operation of the
reactor recirculation system at conditions a
approaching rated volumetric flow, including W
the reactor internal pumps (RIPS) and
moters, and the equipment associated with
the motor cooling, seal purge, and
inflatable shaf t seal subsystems.

(2) Prerequisites

The construction tests have been success-
fully completed and the SCG has reviewed the
test procedure and has approved the initia-
tion of testing. Cooling water from the re-
actor building cooling water system and seal
purge flow from the CRD hydraulic system
shall be available. The recirculation flow
control system shall be sufficiently tested

9
\

O
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to support RIP operation. Other interfacing (f) proper system flow rates including indi-
( systems shall be available, as needed, to vidual pump capacity and discharge head;

support the specified testing and the cor-
responding system configurations. Reactor (g) proper manual and automatic system ope-

| vessel internals shall be capable of being ration and margin to actuation of pro-
subjected to rated volumetric core flow, tective devices;

(3) GeneralTest Methods and Acceptance Criteria (b) proper operation of interlocks and
equipment protective devices in pump and

| Testing of the recirculation system shall be motor controls;
coordinated closely with that of the recircu-
lation flow control system (Subsection (i) proper operation of permissive, pro.
14.2.12.1.3) in order to adequately demon. hibit and bypass functions;
strate proper integrated system response and
operation. Also, the preoperational phase of (j) proper system operhtion while powered
the reactor internals vibration assessment from primary and alternate sources,
program (Subsection 14.2.12.1.52) involves including transfers, and in degraded
extended operation of the recirculation sys- modes for which the system is expected
tem and should be scheduled accordingly so as to remain operational;
to optimize overall plant integrated testing.

(k) proper operation of the recirculation
The scope and intensity of the preoperational motor seal purge subsystem over the full
testing of the recirculation system and range of RPV pressures including the
associated support subsystems will be limited proper functioning of the main header
by the unavailability of nuclear heating, pressure control valve and proper
Comprehensive testing of the system at rated distribution of seal purge flow to
temperature and pressure will be performed individual pumps and motors;

Q duririg the startup phase.
(1) proper functioning of the recirculation

| Performance shall be observed and recorded motor cooling subsystem and its ability
during a series of individual component and to remove design heat loads from each
integrated system tests to demonstrate the RIP motor via the dedicated heat exchan,
following: gers;

(a) proper operation of instrumentation and (m) proper functioning of the recirculation
equipment in all combinations of logic motor inflatable shaft seal subsystem
and instrument channel trip; and its ability to provide a temporary

backup scaling mechanism for each pump
(b) proper functioning of instrumentation motor shaft during recirc motor

and alarms used to monitor system maintenance or removal;
operation and availability;

(n) acceptable pump / motor vibration levels
(c) proper operation of system valves under and system piping movements during both

expected operating conditions; transient and steady state operation;
and

(d) proper operation of pumps and motors in
all normal design operating modes as (o) acceptable reactor vessel internals flow
well as any specified special testing induced vibration levels per the
configurations; requirements of Subsection 14.2.12.1.52.

(c) acceptable pump NPSH under the most System operation is considered acceptable
limiting design flow conditions; when the observed / measured performance charac-

b
Amendment 21 14.2-8
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teristics, from the testing described above, meet (d) proper operation of control systems in
the applicable design specifications. all design operating modes and all le- g

vels of controls; w
14.2.12.1.3 Pecirculation flow Control Systrm
Preoperational Test (c) proper operation of the adjustable speed

drives;
(1) Purpose

(f) ability of the control system to comm-
To verify that the operation of the recir- unicate properly with equipment and
culation flow control system, including that controllers in other systems;
of the adjustable speed drives, RIP trip and
runback logic, and the core flow measurement (g) proper control of pump motor atatt
subsystem, is as specified. sequence;

(2) Prerequisites (h) proper operation of interlocks and
equipment protective devices;

The construction tests have been success-
fully completed and the SCG has reviewed the (i) proper operation of permissive, prohi-
test procedure and has approved the initia- bit and bypass functions; and
tion of testing. All required interfacing
systems shall be available, as needed, to (j) proper system operation while powered
support the specified testing and the from primary and alternate sources,
corresponding system configurations. including transfers, and in degraded

modes for which the system is expected
(3) GeneralTest Methods and Acceptance Criteria to remain operational.

Some portions of the recirculation flow con- System operation is considered acceptable
| trol system testing will likely be performed when the observed / measured performance charac-

in conjunction with that of the recir- teristics, from the testing described above,
culation system, as described in Subsection meet the applicable design specifications.
14.2.12.1.2. Close coordination of the
testing specified for the two systems is 14.2.12.1.4 Feedwater Control System
required in order to demonstrate the proper Preoperational Test
integrated systern response and operation.

| Performance shall be observed and recorded
during a series of individual component and To verify proper operation of the feedwater
integrated system tests to demonstrate the control system, including individual compo-
following: nents such as controllers, indicators, and

controller software settings such as gains
(a) proper operation of instrumentation and and function generator curves.

equipment in all combinations of logic
and instrument channel trip including (2) Prerequisites
recirculation pump trip (RPT) and
runback circuitry, (RPT testing will The construction tests have been success-
specifically include its relat;d ATWS fully completed and the SCG has reviewed the
function); test procedures and has approved the initi-

ation of testing. Preoperational tests must
(b) proper function.ing of instrumentation be completed on lower level controllers that

and alarms used to monitor system do not strictly belong to the feedwater con-
operation and availability; trol system but that may affect system re.

sponse. All feedwater control system com-
(c) proper functioning of the core flow

measurement subsystem; g|
|
2
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| ponents shall have an initial calibration in System operation is considered acceptable

[]
accordance with vendor instructions. All when the observed / measured performance

|
required interfacing systems shall be avail- characteristics, from the testing described'

able, as needed, to support the specified above, meet t he applicable design
testing and the appropriate system configu- s p e c i fi c a t 10 n s.

rations.
14.2.12.1.5 Standby Liquid Control System

(3) GeneralTest Methods and Acceptance Criteria Prroperational Test

Testing of the feedwater control system dur. (1) Purpose
ing the preoperational phase may be limited
by the absence of an acceptable feedwater To verify that the operation of the standby

,

recirculation flow path. Comprehensive flow liquid control (SLC) system, including'

! testing will be conducted during startup pu mps, t a nk s, cont rol, logic, and
phase. instrumentation, is as specified.

| Performance shall be observed and recorded (2) Prercquisites
during a series of individual component and
overall system response tests to demonstrate The construction tests have been success-
the following: fully completed and the SCG has reviewed the

test procedure and has approved the
(a) proper operation of instrumentation and initiation of testing. Valves should be

controls in all combinations of logic previously bench tested and other pre-
and instrument channel trips including cautions relative to positive displacement
verification of setpoints; pumps taken. The reactor vessel shall be |

available for injecting demineralized
(b) proper functioning of instrumentation water. All required interfacing systemsg

tj and alarms used to monitor system opera. shall be available, as needed, to support
tion and status; the specified testing and the appropriate

system configurations.
(c) proper operation of system valves, in-,

| cluding timing and stroke, in response (3) GeneralTest Methods and Acceptance Criteria
' to control demands (including the

reactor water cleanup system dump valve Performance shall be observed and recorded |
response to the low flow controller); during a series of individual component and

integrated system tests to demonstrate the
(d) proper operation of interlocks and following:

equipment protective devices in pump and
valve controls; (a) proper operation of instrumentation and

equipment in all combinations of logic
,

(e) proper operation of permissive, prohi- and instrument channel trip;
| bit, and bypass functions;

| (b) proper functioning of instrumentation

|
(f) proper system operation while powered and alarms used to monitor system opera-

from primary and alternate sources, in- tion and availability;'

| cluding transfers, and in degraded modes
! for which the system is expected to re- (c) proper operation of system valves, in-
i main operational; and cluding timing, under expected operating
i

conditions;
! (g) proper communication and interface with

other control systems and related (d) proper operation of pumps and motors in
i equipment. all design operating modes;

Ch
V
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(c) proper operation of the tank heaters and shall be installed and ready to be stroked |!

proper mixing of the neutron absorber and scrammed. Reactor building cooling 3,
solution; water, instrument air, and'other required W

l interfacing systems shall be available, as
(f) proper system flow paths and flow rates needed, to support the specified testing and

including pump capacity and discharge the corresponding system configurations.

head (with demineralized water substi-
j tuted for the neutron absorber mix- Additionally, the rod control and

ture); information system shall be functional when -
needed, with the applicable portion of its

.

(g) proper pump motor start sequence and 'specified preoperational testing complete.
marF n to actuatio'n of protective de-i

3

}
vices; (3) GeneralTest Methods and Acceptance Criteria

I (h) proper operation of interlocks and equi. during a series of individual component and |Performance shall be observed and recorded
! ment protective devices in pump and
i valve controls; integrated system tests to demonstrate the

following:
(i) proper operation of permissive, pro-o

; hibit, and bypass functions; (a) proper functioning of instrumentation-
and alarms used to monitor system opera-

(j) proper system operation while powered tion and status;
i

; from primary and alternate sources, in-
| cluding transfers, and in degraded modes (b) proper communication with, and response

for which the system is expected to re- to demands from, the rod control and
;
; main operational; and information system and the reactor pro-
j tection system, including that associa-

(k) acceptability of pump / motor vibration ted with alternate rod insertion (ATWS), g4

levels and system piping movements dur- alternate rod in (post scram), and select
: ing both transient and steady state control rod run.in unctions;

[ _ operation.
(c) proper functioning of system valves, in -

System operation is considered acceptable when cluding purge water pressure control
3

| _the observed / measured performance characteris- valves, under expected operating condi-
| tics, from the testing described above, meet the tions;

applicable design specifications.
_ _ . .

| -(d) proper operation of CRD hydraulic sub.
! 14.2.12.1.6 Contml Rod Ddve System - system pumps and motors in all design
'

Preoperational Test operating modes;-

(1) Purpose (c) acceptable pump NPSH under the most lim-
iting design flow conditions;

To verify that the control rod (CRD),

system, including the CRD hydraulic and fine (f) proper pump motor start sequence and mar-'

i' motion control subsystems, functions as de- gin to actuation of protective devices;

{ signed.
(g) proper system flow paths and flow rates

(2) Prerequisites including sufficient pump capacity and
.

discharge head;
The construction tests have been success-.

fully completed and the SCG has reviewed the . (h) proper-operation of interlocks and
test procedure and has approved the equipment protective' devices in pump,
initiation of testing. The control blades . motor, and valve controls;

O
,

.
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(i) proper operation of permissive, prohi- clated alarms and annunciators in all

(V bit, and bypass functions; combinations of logic and instrumentT
channel trip including all positions of

(j) proper system operation while powered the reactor mode switch;
from primary and alternate sources,
including transfers, and in degraded (b) proper operation of control rod run in
modes for which the system is expected logic including that associated with ARI
to remain operational; (ATWS), SCRRI and normal post SCRAM

follow-in;
(k) acceptability of pump / motor vibration

levels and system piping movements (c) proper functioning of instrumentation
during both transient and steady state used to monitor CRD system status such as
operation; rod position indication instrumenta-

tion and that used to monitor continuous
(1) proper operation of fine motion motors full-in and rod / drive separation status;

and drives and associated control units,
including verification of acceptable (d) proper operation of RC&lS software in-
normal insert and withdraw timing; cluding verification of gang and group

assignments and predictor comparator,
(m) proper operation of hydraulic control rod worth limiter, and banked position

units and associated valves including withdrawal sequence functions; and
CRD scram timing demonstrations against
atmospheric pressure. (c) proper communication with interfacing

systems such as the power generation con-
System operation is considered acceptable when trol system, the automatic power regula-

the observed / measured performance characteris- tor, and the automatic rod block
tics, from the testing described above, meet the monitor.

(~') applicable design specifications.
V System operation is considered acceptable

14.2.12.1.7 Rod Control and Information System when the observed / measured performance charac-
Preoperational Test teristics, from the testing described above,

meet the applicable design spec 'icati--
(1) Purpose

14.2.12.1.8 Residual lleat Removal System
To verify that the rod control and informa- Preoperational Test
tion system (RC&lS) functions as designed.

(1) Purpose
(2) Prerequisites

To verify the proper operation of the resi-
The construction tests, including initial dual heat removal (RHR) system under its
check-out of RC&lS software, have been suc- various modes of operation: core cooling,
cessfully completed and the SCG has reviewed shutdown cooling, wetwell and drywell spray,
the test procedure and has approved the ini- suppression pool cooling, and supplemental
tiation of testing. fuel pool cooling.

(3) General Test Methods and Acceptance Criteria (2) Prerequisites

| Performance shall be observed and recorded The construction tests have been successful-
during a series of tests to demonstrate the ly completed and the SCG has reviewed the
following: test procedure and has approved the initia-

tion of testing. The reactor vessel shall be
(a) proper operation of rod blocks and asso- intact and capable of receiving injection

flow from the various modes of RHR. The
/ s
V
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(3) ' GeneralTest Methods and Acceptance Criteria protect low pressure portions of the-
system from the reactor coolant system

_| Performance shall be observed and recorded at high pressure (per Reg Guide 1.139);
.

'

:

during a series of individual component and
integrated system tests that includes all (j) proper operation of permissive, pro-
modes of RilR system operation in order to hibit, and bypass functions;
demonstrate the following:

(k) proper system operation while powered
(a) proper operation of instrumentation and from primary and alternate sources, in-

equipment in all combinations of logic cluding transfers, and in degraded modes
and instrument channel trip; -for which the syttem is expected to re-

main operational;
(b) proper functioning of system instrumen.

..

tation and alarms used to monitor system (1) acceptability of pump / motor vibration
operation and availability including levels and system piping movements dur-
that intended to alert when high press- ing both transient and steady state op-
ure low pressure interface valves are cration; and
not full closed with the reactor coolant
system at high pressure (per Reg. Guide -(m) proper operation of pump discharge line
1,139);

'

keep fill system (s) and its ability to
prevent damaging water hammer during -

(c) proper operation of system valves, in. _ system transients,
ciuding timing, under expected operating
conditions verification of proper- System operation is considered acceptable-
setpoint of system releif valves per when the observed / measured performance charac-
ASME Code requirements, including those . teristics,' from the testing described above,
intended to meet the requirements of Reg meet the applicable design specifications.
Guide 1.139, may use the results of
vendor tests and the appropriate 14.2.12.1.9 Reactor Core Isolation Cooling
documemtation of such); System Preoperational Test

(d) proper operation of pumps and motors in - (1) - Purpose =
all design operating modes;

..

Verify that the operation of the reactor -
(e) acceptable pump NPSI-I under the most core isolation cooling (RCIC) system, in-

limiting design flow conditions; cluding the turbine, pump, valves, instru-
mentation, and control, is as specified.

(f) proper system flow paths and flow rates
including pump capacity and discharge . (2) Prerequisites
head and time to rated flow;

The construction tests have been success-
- (g) proper operation of containment spray _ fully completed and the SCG has reviewed the

modes including verfication that spray test procedure and has approved the initia-
nozzles, headers and piping are free of : tion of testing. - A temporary steam supply:

,

debris; shall be available for driving the RCIC tur-
bine. The turbine' instruction manual shall-

(h) proper pump motor start sequence and mar- be reviewed in detail in order that precau-
gin to actuation of protective devices; tions relative to turbine operation are fol-

lowed. All required interfacing systems
. (i) proper operation of interlocks and shall be available, as needed, to support the

equipment protective devices in pump and specified testing and the corresponding - '

valve controls including valve inter- system configurations-
A locks and controls including valve

- interlocks and controls designed to (3) GeneralTest Methods and Acceptance Criteria

Amendment 21 - 14.2-13
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The RCIC turbine shall be tested in gaccordance with the manufacturere's
recommendations. Usually this invilves the
turbine first being tested w hile
disconnected from and then while coupled to
the pump. The intent of this preoperational
test is to test the RCIC system to the extent
possible, flowever, since preoperational
testing is performed utilizing a temporary
steam supply, the attainable RCIC pump flow
may be limited Should this prevent any
specified testing from being completed
sucessfully, such cases will be documented
and scheduled for completion during the power
ascension test phase.

| Performance shall be observed and recorded
during a series of individual component and
integrated system tests to demonstrate the
following:

O

O
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(a) proper operation of instrumentation and (1) proper operation of the barometric con-

(~} equipment in all combinations of logie denser condensate pump and vacuum pump;
U and instrument channel trip;

(m)the ability of the system to swap pump
(b) proper functioning of instrumentation and suction source from the condensate stor-

alarms used to monitor system operation age pool to the suppression pool without
and availability; interrupting system operation; and

(c) proper operation of system valves, includ- (n) proper operation of the pump discharge
ing timing, under expected operating line keep fill system and its ability to
conditions; prevent damaging water hammer during

system transients.
(d) proper operation of turbine and pump in

all design operating modes; System operation is considered acceptable
when the observed / measured performance charac-

(c) acceptable pump NPSH under the most teristics, from the testing described above,
limiting design flow conditions; meet the applicable design specifications (while

accounting for the limitations imposed by the
(f) proper system flow paths and flow rates temporary steam supply).

including pump capacity, discharge head
and time to rated flow; 14.2.12.1.10 liigh Pressure Core Flooder System

IWoperational Test
(g) proper manual and automatic system ope-

ration and margin to actuation of pro- (1) Purpose
tective devices;

To verify the operation of the high pressure
(b) proper operatione of interlocks and core flooder (HPCF) system, including relat-

| O equipment protective devices in turbine, ed auxiliary equipment, pumps, valves, in-
pump, and valve controls; strumentation and control, is as specified.v

(i) proper operation of permissive, prohi- (2) Prerequisites
bit, and bypass functions;!

The construction tests have been success.
(j) proper system operation while powered fully completed and the SCG has resiewed the

from primary and alternate sources, in- test procedure and has approved the initia-
cluding transfers, and in degraded modes tion of testing. The suppression pool and
for which the system is expected to re- condensate storage pool shall be available I

[ main operational. Included shall be a as HPCF pump suction sources and the reactor
demonstration of RCIC system ability to vessel shall be sufficiently intact to re I
start without the aid of AC power, ex- ceive HPCF injection flow. The required
cept for RCIC DC/AC inverters; an eval- interfacing systems shall be available, as |

| uation of RCIC operation beyond its needed, to support the specified testing and
i design basis during an extended loss of the appropriate system configurations.

AC power to it and its support systems,

| and verification of RCIC DC component (3) GeneralTest Methods and Acceptance Criteria
, operability when the non RCIC station
| batteries are disconnected; Performance shall be observed and recorded |
i during a series of individual component and
| (k) acceptability of pump / turbine vibration integrated system tests to demonstrate the
I levels and system piping movements dur- following:

ing both transient and steady state
,

operation; (a) proper operation of instrumentation and
equipment in all combinations of logic

%./
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and instrument channel trip; System operation is considered acceptable when
the observed / measured performance charac-

(b) proper functioning of instrumentation teristics, from the testing described above, meet
and alarms used to monitor system the applicable design specifications,
operation and availability;

14.2.12.1.11 Safety System Logic and Control
(c) proper operation of system valves, in- Preoperational Test

cluding timing, under expected operating
conditions; (1) Purpose

(d) proper operation of pumps and motors in To verify proper operation of the plant
all design operating modes; safety system logic and control (SSLC).

(c) acceptable pump NPSH under the most (2) Prerequisites
limiting design flow conditions;

The applicable construction tests have been
(f) proper system flow paths and flow rates successfully completed,

including pump capacity and discharge
head and time to rated flow; (3) GeneralTest Methods and Acceptance Criteria }

(g) proper pump motor start sequence and mar- The SSLC integrates the automatic decision
gin to actuation of protective devices; making and trip logic functions associated

with the safety action of several of the
(h) proper operation of interlocks and plants' safety related systems. Such sys-

equipment protective devices in pump, tems include the RPS, HPCF, RilR, RCIC, LDIS,
motor, and valve controls; and ADS. The SSLC is not so much a system

itself, but is instead an assembly of the g(i) proper operation of permissive, above mentioned safety-related systems signal
prohibit, and bypass functions; processors designed and grouped for optimum

reliability, availability and oper- ability.
(j) proper system operation while powered The SSLC, therefore, should be adequately

from primary and alternate sources, in- tested during the preoperational phase
ciuding transfers, and in degraded modes testing of the associated systems in. cluding
for which the system is expected to the integrated LOP /LOCA test. Pro- vided the
remain operational; construction testing and the asso ciated

system preoperational testing has been
(k) acceptability of pump / motor vibration soccessfully completed, as it relates to

le- vels and system piping movements proper operation of the SSLC, no specific
during both transient and steady state additional testing should be necessary,
operation;

SSLC performance would then be considered ac-
(1) the ability of the system to swap pump ceptable provided all design and testing speci-

suction source from the condensate fications are met.
storage pool to the suppression pool
without interrupt ng system operation; 11.2.12.1.12 Multiplexing Systemi

Preoperational Test
(m) acceptability of the HPCF sparger

flooding pattern; and - (1) Purpose

(n) proper operation of the pump discharge To verify proper functioning of the plant
line keep fill system and its ability to multiplexing system including both essential
prevent damaging water hammer during and nonessential subsystems.
system transients. h
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(2) Prerequisites drywell sumps.
3

(O System construction testing has been Performance shall be observed and recorded !
successfully completed. during a series of individual component and

integrated system tests to demonstrate the
(3) GeneralTest Method and Acceptance Criteria following:

Since this system is the primary communica- (a) proper operation of instrumentation and
tion interface between the various plant controls in all combinations of logic
systems it should be adequately tested dur- and instrument channel trip;
ing the preoperational phase testing per-
formed on those interconnected systems. (b) proper functioning of indicators, annun.
Provided the construction testing and the clators, and alarms used to monitor sys-
associated system testing has been success- tem operation and status;
fully completed as it relates to proper ope-
ratien of the multiplexing system, no speci. (c) proper operation of leakoff and drainage
fic additional testing should be necessary. measurement functions such as those asso-

ciated with the reactor vessel head
System performance would then be considered flange, drywell cooler condensate, and

acceptable provided all design specifications are various primary system valves;
met.

(d) proper response of related system val-
14.2.12.1.13 leak Detection and Isolation ves, includirg timing, under expected
System Preoperational Test ogierating conditions;

(1) Purpose (c) proper it terface with related systems in
regards to the input and output of leakO To verify proper response and operation of detection indications and isolation ini-V the leak detection and isolation system (LDS) tiation commands;

logic.
(f) proper operation of bypass switches and

(2) Prerequisites related logic; and

The construction tests have been successfully (g) proper system operation while powered
completed and the SCG has reviewed the test from primary and alternate sources, in-
procedures and has approved the initiation of cluding transfers, and in degraded modes
testing. The required AC and DC electrical for which the system is expected to re-
power sources shall be operational and the main operational.

| appropriate interfacing systems shall be
available as required to support the System operation is considered acceptable
spccified testing, when the observed / measured performance charac-

teristics, from the testing described above.
(3) General Test Methods and Acceptance Criteria meet the applicable design specifications.

Since the leak detection and isolation system 14.2.12.1.14 Reactor Protection System
is comprised mostly of logic, the checks of Preoperntional Test
valve response and timing and the testing of
sensors will be performed as part of, or in (1) Purpose
conjunction with, the various systems with
which they are associated. These systems in- To verify proper operation of the reactor
clude RHR, RCIC, RWCU, main steam, feedy :t- protection system (RPS) including complete
er, recirculation, radiation monitorir g, channel logic and response time,

q nuclear boiler, drywell cooling and the
V
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(2) Prerequisites tics, from the testing described above, meet the
applicable design specifications. g'

The construction tests have been successfully
completed and the SCG has reviewed the test The ability of the system to scram the reac.
procedures and has approsed the initiation of tor within a specified time must be demonstrated
testing. The rod control system, instrument in conjunction with the CRD system preoperation-
air system, and the required AC and DC elec- al test (Subsection 14.2.12.1.6).
trical power sources are operational. All
other required interfacing systems shall be 14 2.12.1.15 Neutron Monitoring System
available, as needed, to support the Preoperational Test

,

specified testing.
(1) Purpose

(3) General Test Methods and Acceptance Criteria
To verify the proper operation of the neu-

| Performance shall be observed and recorded tron monitoring system (NMS) including fixed
during a series of individual component and incore startup and power range detectors,
integrated system tests to demonstrate the traversing incore probes (TIPS) and related
following: hardware and software.

(a) proper operation of instrumentation and (2) Prerequisites
controls in all combinations of logic and
instrument channel trip including those The construction tests have been success-
associated with all positions of the fully completed and the SCG has reviewed the
reactor mode switch; test procedure and has approved the initia-

tion of testing. All startup range neutron
(b) proper functioning of instrumentation and monitor subsystem components and power range

alarms used to monitor sensor and channel neutron monitor subsystem components have
operation and availability; been calibiated per vendor instructions. hAdditionally, all required interfacing sys-

(c) proper calibration of primary sensors; tems shall be available, as needed, to sup- |
port the specified testing.

(d) proper trip and alarm settings;
(3) GeneralTest Methods and Acceptance Criteria

(c) operability of bypass switches including
related logic; Performance shall be observed and recorded |

during a series of individual component and
(f) proper operation of permissive and pro- integrated system tests to demonstrate the

hibit interlocks; following:

(g) proper system operation while powered (a) proper operation of instrumentation and
from primary and alternate sources, in- equipment in all combinations of logic
ciuding transfers, and in degraded modes and instrument channel trip including
for which the system is expected to re- rod block and scram signals feeding the
main operational; and rod control system and the reactor trip

system, respectively;
(h) acceptability of instrument channel re-

sponse times, as measured from each (b) proper functioning of instrumentation,
applicable process variable (except for displays, alarms, and annunciators used
neutron sensors) to the de-energization to monitor system operation and status;
of the scram pilot valve solenoids.

(c) proper operation of detectors and ass-
System operation is considered acceptable when ociated cabling, preamplifiers, and pow-

the obrved/ measured performance characteris- er supplies;

O
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(d) proper operation of TIP drive mechanisms _ output devices and various system interfaces
and indexers; shall be connected and available, as needed,| .

for supporting the specified testing
(e) proper operation of interlocks and configurations,

equipment protective devices including
those associated with the TIP indexers (3) GeneralTest Methods and Acceptance Criteria
and drive control units;

Proper performance of system hardware and
(f) proper operation of permissive, prohl- software will be verified by a series of

bit, and bypass functions; individual-and integral tests that include
the following demonstrations:

(g) proper system operation while powered
from primary and alternate sources, in- (a) proper connection and calibration of all
cluding transfers, and in degraded modes analog and digital signals;
for which the system is expected to re-
main operational; (b) proper operation of data logging and

plotting features;
(h) proper operation of system and subsystem

,

self test diagnostic and calibration (c) verification of computer printouts and -
functions; - CRT displays;

(i) the ability to communicate and interface (d) proper communication and interface with u

with appropriate plant systems and bet- other plant equipment, computers and
ween NMS subsystems; and control systems;

(j) the ability to generate core flow biased (c) verification of proper data flow and pro-
trip setpoints from core plate differen- cessing and of calculational accuracy;-
tial pressure measurements.

(f) proper operation of calibration and
System operation is considered acceptable when surveillance support functions; and

the observed / measured performance characteris-
tics, from the testing described above, meet the (g) proper operation of operator guidance
applicable design specifications. and prompting functions, including

alarms and status messages, in all
14.2.12.1.16 Process Computer System operating modes for plant startup, shut-
Preoperational Test down and power maneuvering iterations.

(1) Purpose Much of the testing performed during the pre-
operational phase is done utilizing simulated

To verify the proper operation of the process conditions and inputs via system hardware and
computer system (PCS) including the perfor- software. Final system performance during live

'

mance monitoring and control system (PMCS) conditions will be evaluated during the startup -
and the power generation control system phase.
(PGCS) and their related functions.

. System operation is considered acceptable
(2) Prerequisites when the observed / measured performance charac-

teristics, from the testing described above,
The construction tests have been successfully meet the applicable design specifications,
completed and the SCG has reviewed the test
procedure and has approved the initiation of 14.2.12.1.17 Automatic Power Regulator

| testing. All programming shall be complete . Preoperational Test
and initial software diagnostic checks deter-

- mined acceptable. The required input and (1) Purpose
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To verify proper operation of the automatic Verify the feasibility and operability of
gpower regulator (APR) over the range of intended remote shutdown functions from the

required operating modes. remote shutdown panel and other local and
remote locations outside the main control

(2) Prerequisites room which will be utilized during the
remote shutdown scenario.

The software programming and initial diagnos-
tic testing has been completed and the SCG (2) Prerequisites
has reviewed the test procedure and has ap.
proved the initiation of testing. The pro- The construction tests have been success-
cess computer system, rod control and fully completed and the SCG has reviewed the
information system, recirc flow control test procedure and has approved the ir2itia-
system, turbine control system, and other tion of testing. Additionally, control
required system interfaces shP1 be available power shall be supplied to the remote |
to support the specified system testing, shutdown panel and the required system and

component interfaces shall be available, as
(3) General Test Methods and Acceptance Criteria needed, to support the specified testing.

The APR is a top level controller that inter- (3) General Test Methods and Acceptance Criteria
faces with various lower level controllers
and systems. APR testing, therefore, shall The remote shutdown system (RSS) consists of
be closely coordinated with testing of relat- the control and instrumentation available at
ed interfacing and affected systems. Such the dedicated remote' shutdown panel (s) and

| testing shall include the following demon- other local and remote locations intended to
strations: be used during the remote shutdown scenario.

(a) proper operation of instrumentation and Much of the specified testing can be accom-
controls in all combinations of logic plished in conjunction with, or as part of, hfor all modes of operation including the individual system and component preope-
transfers; rational testing. However, the successful

results of such testing shall be documented
(b) proper functioning of annunciators, as part of this test, as applicable, Per-

alarms, and displays used to monitor formance shall be observed and recorded
system operation or status; during a series of individual component and

integrated system tests to demonstrate the
(c) verification of proper data flow and following:

processing including the accuracy of
calculations and control algorithms; and (a) proper functioning of the control and

instrumentation associated with the RSS;
(d) proper communication and interface with

other control systems and related sup- (b) proper operation of pumps and valves
porting and monitoring functions, including establishment of system flow

paths using RSS control;
System operation is considered acceptable when

the observed performance meets the applicable (c) proper functioning of RSS transfer
design specifications. switches including verification of

proper override of main control room
14.2.12.1.18 Remote Shutdown System functions;
Preoperational Test

(d) proper operation of prohibit and permis-
(1) Purpose sive interlocks and bypass functions

after transfer of control;
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(c) proper system operation while powered (c) proper operation of system valves, in-
1

- from primary and alternate electrical cluding timing, under expected operating ;
.

sources; and conditions;

(f) the ability to establish and maintain (d) proper operation of pumps and motors in
communication among personnel stationed all design operating modes;
throughout the plant who would be per-
formirad the remote shutdown operation. (e) acceptable pump NPSH under the most

limiting design flow conditions;
RSS operation is considered acceptable when

the observed and measured performance meets the (f) proper system flow paths and flow rates
applicable design specifications. including pump capacity and discharge

head;
14.2.12.1.19 Reactor Water Cleanup System
Prvoperational Test (g) proper pump motor start sequence and mar.

gin to actuation of protective devices; -
(1)' Purpose

(h) proper operation of intrilocks and'
To verify that the operation of the reactor equipment protective devices in pemp and
water cleanup system (CUW), including pumps, valve controls;
valves, and filter /demineralizer equipment,
is as specified. (i) proper operation of permissive, prohi- |

bit, and bypass functions;
(2) Prerequisites

_ _

(j) proper system operation while powered
The construction tests have been successfully from primary and alternate sources, in-
completed and the SCG has reviewed the test cluding transfers, and in degraded modes

O crec a a 8 er ev a is i iii iie ef fer waiea is s> i - i r i a ie
| testing. Filter aid and resin material shall remain operational;

{ be available. Reactor building cooling
( water, instrument air, CRD purge supply, and (k) acceptability of pump / motor vibration

other required interfacing systems shall be levels and system piping movements
available, as needed, to support _ the during both transient and steady state
specified testing and the appropriate system operation; and
configurations. Special provisions may be
required for testing the CUW system in the (1) proper operation of the reactor water
vessel head spray mode. cleanup filter /demineralizers and as.

- sociated support facilities.
(3) GeneralTest Methods and Acceptance Criteria

System operation is considered acceptable
| Performance shall be observed and recorded when the observed / measured performance characte.

during a series of individual component and ristics,-from the testing described above, meet
integrated system tests to demonstrate the the applicable design' specifications. Proper
following: operation of sampling stations and displays will

be demonstrated per Subsection 14.2.12.1.22.
(a) proper operation of instrumentation and

controls in all combinations of logic 14.2.12.1.20 Supperssion Pool Cleanup System
and instrument channel trip including Preoperational Test
those associated with the leak detection
and isolation system; (1) Purpose

(b) proper functioning of instrumentation To verify that the operation of the suppres.
. and alarms used to monitor system sion pool cleanup system (SPCU) is as speci-

_ _

operation and availability;.
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fied h all required operating modes, head;
_

(2) Prerequisites. (g) proper pump motor start sequence and
margin to actuation of protective

- The construction tests have been successful- devices;
ly completed and the SCG has reviewed the
test procedure and has approved the initia< (h) proper operation of interlocks and
tion _ of testing. The fuel pool and suppres- equipment protective devices in pump and
slon pool shall be ade_quately. filled and the valve controls;
appropriate filter /demineralizer support fa-

_ _

cilities and other system interfaces avail. (i) propw operation of permissive,
able, as needed, to support the specified proLibit, and bypass functions;
testing.

(j) proper system operation while providing
(3) GeneralTest Method and Acceptance Criteria the specified intersy6 tem tefill

capabilities; and
The suppression pool and fuel pool share com-
mon water treatment facilities. _ Th< suppres- (k) acceptability of pump / motor vibration
sion pooi ueanup system has a dedicated pump levels and system piping movements :
for circulating water to and from the suppres- .during both transient and steady state
sion pool and through the common filter / demi- operation. '

neralizer. However, the shared filter / demi-
neralizer facilities are considered part of: System operation is considered acceptable
the fuel pool cooling and cleanup system, when the observed / measured performance

|- Therefore, this preoperational test shall be characteristics, from the testing described
closely coordinated with that of Subsection above, meet the applicable design specifica-
14.2.12.1.21. t10ns.

O'
--

| Performance shall be observed and recorded 14.2.12.1.21 Fuel Pool Cooling and Cleanup '- '

during a series of individur.1 component and System Preoperational Test
integrated systern tests to demonstrate the

'

following: (1) Purpose

(a) proper operation of instrumentation and - To verify that the operation of the fuel
equipment in all' combinations of logic pool cooling and cleanup (FPC). system,
and instrument channel trip;- including the pumps, heat exchangers,

controls, valves, and instrum'entation, is as
-_(b) proper functioning of instrumentation specified,

and alarms used to monitor system-
operation and availability; (2) Prerequisites-

(c) _ proper operation of system-valves, in- _The construction tests have bcen:
~

cluding timing, under expected operating
conditions;-

'

successfully cornpleted and the SCG has
reviewed the test procedure and has approved
the initiation of testing. The required

(d) proper operation of pump and motor in- interfacing systems shall be available, as
all design operation modes; _ . needed, to support the specified testing and '

the appropriate system configurations.
(e) acceptable pump NPSH under the most

limiting design flow conditions;- '(3) General Test Methods and Acceptance Criteria

(f) proper system flow paths and flow rates Performance shall be observed and recorded |'
including pump capacity and discharge during a series of indisidual component and

--
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lategrated system tests to demonstrate - gaskets or bellows;
the following:

(m) proper functioning of the system in .

(a) proper operation of instrumentation and - conjunction with the RilR system in the
equipment in all combinations of logic. supplemental fuel pool cooling mode; and

'
and instrument channel trip, including
isolation and bypass of the nonsafety (n) proper operation of filter /demineralizer
related fuel pool cleanup filter / demi. units and their associated support
neralizers; facilities.

~ '

(b) proper functioning of instrumentation Integrated system testing with ficw to and-
and alarms used to monitor system opera- from the fuel pool cleanup subsystem will be
tion and availability, including those performed in conjunction with the appropriate
associated with pool water level; portions of the suppression pool cleanup system

preop described in Subsection 14.2.12.1.20.
(c) proper operatiori of system valves, in-

cluding timing, under expected operat. System operation is considered acceptable
ing conditions; when the observed /measurcd performance charac- <

teristics, from the_ testing described above,
(d) proper operation of pumps and motors in . - meet the applicable design' specifications.

all design operating modes;
14.2.12.1.22 Plant Process Sampling System - "

(c) acceptable pump NPSl{ under the most Preoperational Test
limiting design flow conditions;

(1) Purpose
(f) proper system flow paths and flow rates

including pump capacity and discharge To verify the pr_oper operation and the

O h d> r er 9 in- i a i a ia ie 6-
used for on-line and periodic sampling and

(g) proper pump motor start sequence and analysis of overall reactor water chemistry
margin to actuation of protective as well as that of individual plant process
devices, streams, including the post accident

sampling system.(PASS).
(h) proper operation of interlocks and

equipment protective devices in pump, (2) Prerequisites
j motor, and valve controls;

Construction tests have been successfully
(i) proper operation of permissive, prohi. completed and the SCG has reviewed the test

bit, and bypass functions; procedure and has approved the initiation of
testing. - Adequate laboratory facilities and.

- (j) proper system operation while powered appropriate analytical procedures shall be
from primary and alternate sources, . in place.
including transfers, and in degraded
modes for which the system is expected (3) GeneralTest Methods and Acceptance Criteria
to remain operational;

Perfor nance shall be observed and recorded . |
(k) acceptability of pump / motor vibration- during as' series of tests to demonstrate the

levels and system piping movements dur- following:
ing both tcansient and steady state .
operation;- (a) proper operation of on-line sampling and

- monitoring equipment including cali.
(1) proper functioning of pool antisiphon bration, indication, and alarm /

: devices and acceptable nonicakage from functions, including reactor water
- ' pool drains, sectionalizing devices, and conductivity instrumentation;
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calibration, indkation, and alarms; exhausts, and plant and process effluents.
The offgas system and the main steam lines L g-

' (b) - the capability of obtaining grab samples are also monitored.
of designated process streams at the-
desired locations;- Performance shall be observed and recorded |

,

during a series of individual component and
(c) proper functioning of personnel protec- integrated subsystem tests to demonstrate-

tive devices at local sampling stations; the following:
and

(a) proper calibration of detector assem-
(d) the adequacy and accuracy of sample blies and atsociated equipment using a +

analysis methods, standard radiation source or portable .
- calibration unit;

The above tests should be performed Mag
actual process streams where practicable. System (b) proper futetioning of ind! . tors, re-
operation is considered acceptable when the ob. corders, aneunciators, and alarms;

_

served / measured performance characteristics meet
the applicable design specifications. (c) proper system trips in response to high

radiation and downscale/ inoperative
14.2.12.1.23 Process Radiation Monitoring - conditions;
System Preoperational Test

(d) proper operation of permissive, prohl-
(1) Purpose- . bit,' interlock, and bypass functions;

and ,

To verify the &bility of the process radia-
tion monitorisg system (PRMS) to indicate and (c) proper operation of primary and backup
alarm nortral and abnormal radiation levels, sampling functions.,

| and to ir.itiate, if appropriate, isolation g
| and/or c'caaup systems upon detection of high System operation ~is considered acceptable

radia son levels in any of the process when the observed / measured performance charac.
strer e t- tha: are monitored, teristics, from-the testing described above,

meet the applicable design specifications.
(2) Prerequisites

-14.2.12.1.24 Area Radiation Monitoring System
'The construction tests have been successfully Preoperational Test --
completed and the SCG has reviewed the test
procedure and has approved the initiation of (1) Purpose
testing. The various process radiation moni-
toring subsystems,-including preamplifiers, To verify the ability of the area radiation ,

power supplies, indicator and trip units, and monitoring (ARM) system to indicate and
sensors and converters, have been calibrated alarm normai and abnormal general area
according to vendor instructions. The re- radiation levels.throughout the plant,
quired interfacing systems shall be avail-

! able, as needed, to support the specified (2) Prerequisites
testing.

. _

The construction tests have been successful-
- (3) General Test Methods and Acceptance Criteria . ly completed and the SCG has reviewed the __

!

;

--test procedure and has approved the initla-
The PRMS consists of a number of subsystems tion of testing. _ Indicator and trip units, !

i= that monitor various liquid and gaseous pro- power supplies, and sensor / converters have '

' cess streams, building and area ventilation - been calibrated according to vendor instruc- =
_

tions. i

G!
!
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(3) GeneralTest Methods and Acceptance Criteria (a) proper calibration of detector assem-
,

blies and associated equipment using a.
Performance shall be observed and recorded standard radiation sourco portable,

during a series of individual component and calibration unit;
integrated subsystem tests to demonstrate the
following: (b) proper functioning of indicators,

recorders, annunciators, and alarms;
(a) proper calibration of detector assemb-

lies and associated equipment using a (c) proper sptem trips in response to high
standard radidtion source or portable radiation and d?wnscale/ inoperative
calibration unit; conditions;

(b) proper functioning of indicators, re. (d) proper operation of permissive, prohi-
corders, annunciators, and alarms; bit, interlock, and bypass functions;

and
(c) proper system trips in response to high

radiation and downscale/ inoperative (e) proper operation of filtering and
conditions; and sampling equipment.

(d) proper operation of permissive, prohi- S; stem operation is considered acceptable
bit, interlock, and bypass functions, when the observed / measured performance charac-

teristics, from the testing described above,
System operation is considered acceptable when meet the applicable design specifications,

the observed / measured performance characteris-
tics, from the testing described above, meet the 14.2.12.1.26 Containment Atmospheric
applicable de1gn specif cations. Monitoring System Pnoperational Test

A
V 14.2.12.1.25 Dust Radiation Monitoring System (1) Purpose

Preoperational Test
To verify the ability of the containment

(1) Purpose atmospheric monitoring system (CAMS) to
monitor oxygen, hydrogen, and gross gamma

To verify the ability of the dust radiation radiation levels in the wetwell and drywell
monitoring system to indicate and alarm nor- airspace regions of the primary containment.
mal and abnormal airborn: radiation levels
throughout the plant. (2) Prerequisites

(2) Prerequisites The construction tests have been success-
fully completed and the SCG has reviewed the

The construction tests have been successful- test procedure and has approved the initia-
ly completed and the SCG has reviewed the tion of testing. Initial system and compo-
test procedure and has approved the initia- ncnt setup has been accomplished per vendor
tion of testing. Additionally, indicator and instructions.
trip units, power supplies, ar.d sensor / con-
verters have been calibrated according to (3) GeneralTest Methods and Acceptance Criteria
vendor instructions.

The containment atmosphere monitoring system
(3) GeneralTest Methods and Acceptance Criteria consists of radiation, oxygen, and hydrogen

monitoring subsystems. Performance of each

| Performance shall be observed and recorded of these subsystems shall be observed and |
during a series of individual component and recorded during a series of individual
integrated subsystem tests to demonstrate the component and integrated subsystem tests to

p following: demonstrate the following:

V
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(a) proper c'libration of detector assem- (3) General Test Methods and Acceptance Criteria
blics and associated equipment using a g
standard source or portable calibration The instrument air system and the service
unit; air system are specified as separate sys-

tems. Ilowever, since they are so closely
(b) proper functioning of indicators, recor- related the preop test requirements are

ders, annunciatora, and alarms including essentially the same,
those monitoring system availability;

during a series of individual component and |Performance shall be observed and recorded
(c) proper system trips in response to high

setpoint and downsiale/ inoperative integrated system tests to demonstrate the
conditions; following:

(d) proper operation of permissive, pro- (a) proper operation of instrumentation and
hibit, interlock, and bypass functions; equipment in all combinations of logic

and instrument channel trip;
(c) proper initiation and operation of detec-

tion and sampling functions including (b) proper functioning of instrumentation
pump start and valve sequencing, if ap- and alarms used to monitor system opera-
propriate, in response to a LOCA signal; tion and availability;
and

(c) proper operation of system valves, in-
(f) proper operation of calibration gas sup- cluding timing, under expected operating

ply systems and self calibration conditions;
functions.

(d) proper operation of compressors and
System operation is considered acceptable when motors in all design operating modes;

the observed / measured performance characteris- gb
tics, from the testing described above, meet the (c) ability of compressor (s) to maintain
applicable design specifications, receiver at specified pressure (s) and to

recharge within specified time under de-
14.2.12.1.27 lustrument Airand Station sign loading conditions;
Service Air Systems Preoperational Tests

(f) proper system flow paths and acceptable
(1) Purpose flow rates to individual loads at spec-

ified temperatures and pressures under
'To verify the ability of the instrument air design loading conditions, including

and service air systems (IA and SA) to leakage for the system, is in accordance
provide the desir quantities of clean dry with design;
compressed air to user systems and
components. (g) oroper compressor start sequence

(including load and unload) and margin
(2) Prerequisites to actuation of protective devices;

The construction tests have been successful- (h) proper operation of interlocks and
ly completed and the SCG has reviewed the equipment protective devices in
test procedure and has approved the initia- compressor and valv: controls;
tion of testing. Primary and backup elec-
trical power, the supplied system and compo- (i) proper operation of permissive,
nents loads, and other required system in- prohibit, and bypass functions;
terfaces are available, as needed, to support
the specified testing. (j) proper system operation while powered

from primary and alternate sources,
including transfers, and in degraded h

,

Amendment 21 14.2-25

i
'

- _ - . _ _ _



_ - _ _ - - _ - - -
. .

ABWR uwmm
Standard Plant ITV. U

modes for which the system is expected to as needed, to support the specified system

[]
remain operational; testing.

(k) acceptability of compressor / motor vibra- (3) Test Methods and Acceptance Criteria
tion levels and system piping movements
during both transient and steady state Performance shall be observed and recorded |
operation; during a series of individual component and

integrated system tests to demonstrate the
"

(1) the ability of the air to meet end use following:
cleanliness requiremeats with respect to
oil, water, and particulate matter con- (a) proper operation of instrumentation and
tent; equipment in all combinations of logic

and instrument channel trip;
(m) continued operability of supplied loads

in response to credible failures that (b) proper fuationing of instrumentation
result in an increase in the supply and alarms used to monitor system
system pressure; operation and availability;

(n) proper " failure" (open, close, or a. is) (c) proper operation of system valves,
of supplied components to imth instanta- including timing, under expected
neous (pipe break) and slow dugging or operating conditions;
frecting) simulated air losses (per Reg.

~

ulatory Guide 1.68.3); and (d) ability to maintain receiver (s) at spe-
cified pressure (s) under design loading

(o) the ability of the service air system to conditions;
act as backup to the instrument air sys-
tem. (c) proper system flow paths and acceptable

i) flow rates to individual loads at speci-
V

System cperation is considered acceptable when fled temperatures and pressures under
the observed / measured performance characteris- design loading conditions;
tics, from the testing described above, meet the
applicable design specifications. (f) proper operation of interlocks and

equipment protective devices;
14.2.12.1.28 Illgh Pressure Nitrogen Gas Supply
System Preoperational Test (g) proper operation of permissive, pro-

hibit, and bypass functions;
(1) Purpose

(h) proper system operation while powered
To verify the ability of the high pressure from primary and alternate sources, in-
nitrogen gas supply system (HPIN) to furnish cluding transfers, and in degraded modes
compressed nitrogen gas to user systems at for which the system is expected to
design quantity and quality. remain operational;

(2) Prerequisites (i) acceptability of vibration levels and
system piping movements during both

The construction tests have been successfully transient and steady state operation;
completed and the SCG has reviewed the test
procedure and has approved the initiation of (j) the ability of the nitrogen gas to meet
testing. User system loads and other re- end use cleanliness requirements with
quired system interfaces shall be available, respect to oil, water, and particulate

matter content; and

V
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(k) proper " failure" (open, close, or as is)
of supplied components to both instanta- h
neous (pipe break) and slow (plugging or
freering) simulated nitrogen gas supply
losses (per Regulatory Guide 1.68.3).

System operation is considered acceptable

O

O
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when the observed / measured performance r.haracter. (e) acceptable pump NPSH under the most
,.) istics, from the testing described above, meet limiting design flow conditions;(V the applicable design specifications.

(f) proper system and component flow paths,
14.2.12.1.29 Reactor Building Cooling Water flow rates, ud pressure drops, includ-
System Preoperational Test ing pump gacity and discharge head;

(1) Purpose (g) proper pump motor start sequence and mar-
gin to actuation of protective devices;

To verify proper operation of the reactor
building cooling water system (RCW) in. (h) proper operation of interlocks and equip-
ciuding its ability to supply design quan- ment protective devices in pump and
tities of cooling water, at the specified valve controls;
temperatures, to essential and nonessential
loads, as appropriate, during normal, (i) proper operation of permissive, pro-
abnormal, and accident conditions. hibit, and bypass functions;

(2) Prerequisites (j) proper system operation while powered
from primary and alternate sources, in-

The construction tests have been successfully ciuding transfers, and in degraded modes
completed and the SCG has reviewed the test for which the system is expected to re-
procedure and has approved the initiation of main operational. This includes isola-
testing. Primary and backup power, reactor tion / shedding of nonessential loads and
building service water, instrument air, and divisional interties when a LOCA signal
other required supporting systems shall be is present;
available, as needed, for the specified test-
ing configurations. The coole ' components (k) acceptability of pump / motor vibrationn(',) shall be operational and operating to the levels and system piping movements dur-
extent practicable during heat exchanger ing both transient and steady state
performance evaluation. operation;

(3) GeneralTest Methods and Acceptance Criteria (1) proper operation of system surge tanks
and chemical addition tanks and their

| Performance shall be observed and recorded associated functions; and
during a series of individual component and
integrated system tests to demonstrate the (m) acceptable performance of heat exchang-
following: ers, to the extent practical.

(a) proper operation of instrumentation and System operation is considered acceptable
equipment in all combinations of logic when the observed / measured performance charac-
and instrument channel trip; teristics, from the testing described above,

rnect the applicable design specifications. Due
(b) proper functioning of instrumentation and to the possibility of insufficient heat loads

alarms used to monitor system opera tion during the preop phase, the final system flow
and availability; balancing and heat cxchanger performance evalua-

tion may need to be performed during the startup
(c) proper operation of system valves, in- phase,

ciuding timing, under expected operating
conditions; 14.2.12.130 Plant Makeup Water System (s)

Preoperational Test
(d) proper operation of pumps and motors in

all design ooerating modes; (1) Purpose

(3
V
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To verify the ability of the plant make-up System operation is considered acceptable if
water system (s) to resupply the designated the observed / measured performance characteris- g
plant sy:,tems with water of the design ties meet the applicable design specifications.
quantity and quality for each such system.

14.2.12.1.31 Ilot Water lleating System
(2) Prerequisites Preoperational Test

The construction tests have been success- (1) Purpose
fully completed and the SCG has reviewed the
test procedure i has approved the initia. Verify the ability of the hot water heating
tion of testing. . inal interconnection with system to provide hot water to the appropri-
the supplied systems is complete and those ate 11VAC systems in order to maintain the
systems are ready to accept transfer of de- specified design temperatures within ..ie
sign quantities of makeup water, various building rooms and areas.

(3) GeneralTest Methods and Acceptance Criteria (2) Prerequisites

| System performance shall be observed and The construction tests have been completed
recorded during a series of individual com- and the SCG has reviewed the to t procedure
ponent and integrated system tests to demon- and has approved the initiation of testing.
strate the following: Electrical power, the appropriate heating

source (s), the various 11VAC systems heating
(a) proper operation of instrumentation and coils, and other required interfacing

equipment in all combinations of logic; systems shall be available, as needed, to
support the specified testing.

(b) proper functioning of instrumentation and
alarms used to monitor system opera tion (3) GeneralTest Methods and Acceptance Criteria
and status; h

Performance shall be observed and recorded |(c) proper operation of pumps, motors, and during a series of individual component and
valves under expected operating condi- integrated system test to demonstrate the '

tions; following:

(d) proper functioning of interlocks and (a) proper operation of instrumentation and
equipment protective devices in pump, equipmcat in all combinations of logic
motor, and valve controls; and instrument channel trip;

(c) the adequacy of system flow paths and (b) proper functioning of instrumentation
flow rates including pump and tank and alarms used to monitor system opera-
capacities; tion;

(f) proper functioning of chemical addition (c) proper operation of system valves under
and water treatment facilities and expected operating conditions;
equipment;

(d) proper operation of pumps and motors in
(g) proper functionion, of freeze protection all design operating modes;

devices, if applicable; and
(e) acceptable purap NPSM under the most

(h) acceptability of pump and motor vibration limiting design flow conditions;
levels and system piping movements during
both transient and steady state (f) proper system flow paths and flow rates
operations, including pump capacity and discharge

head;<

O
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(g) proper pump motor start sequence and dusing a series of ind.vidual component and
margin to actuation of protective de. integrated system tests to demonstrate the
vices; following:

(b) proper operation of interlocks and (a) proper operation of instrumentation and
quipment protective devices in pump, equipment in all combinations of logic

; motor and valve controls; and instrument channel trip;
t

| (i) proper operation of permissive, pro- (b) proper functioning of instrumentation
hibit, and bypass functions; and and alarms used to monitor system

operation and availability;
0) acceptability of pump / motor vibration

levels and system piping movements during (c) proper operation of tys em valves,
both trannient and s 'ady state includleig isolation functions, under
operation, expected operating conditions;

System operation is considered acceptable when (d) proper operation of pumps and motors in
the observed / measured performance characteris. all design operattug modes;
tict., from the testing described above, meet the
applicable design specifications, it may not be (c) acccMable pump NPSil under the most
possible to fully evaluate het! exchanger and limitu.g design flow conditions;
heating coil performance during de prcoperation.
al test phase because of process temperature (f) proper system ibw paths and flow rates
limitations to all supplied loads including pump

capacity and discharge head;
14.2.12.1.32 IIVAC Emergency Chilled Water
Sptem Prroperational Test (g) proper pump motor start sequence and

O -a ain ie aciumiien of n ei iive
(1) Purpose devices;

To verify the ability of the llVAC emergency (h) proper operation of interlocks and
chilled water system (llECW) to supply the de. equipment protective devices in pump and
sign quantities of chilled water at the spe. valve controls;
cified temperatures to the various cooling
coils of IS 'VAC systems serving rooms and (i) proper operation of permissive,
areas c 'ning essential systems and prohibit, and bypass functions;
equipme.

Q) proper system operation while powered
(2) Prerequisites from primary and alternate sources,

including transfers, and in degraded
The construction tests bave been successfully modes for which the system is er ied
complead and the SCO has reviewed the test to remain operational;
procedure and has approved the initiation of
testing, Normal and auxiliary electrical (k) acceptability of pump / motor vibration
power, reactor building cooling water, appil. levels and system piping movements
sable llVAC system cooling coils, and other during both transient and steady state
required miem interfaces shall be avail. operation; and
able, as t aded, to support the specified
system testing, (1) proper functioning of system surge tank

and chemical addition features.
(3) General Tes* Methods and Acceptance Criteria

System operation is considered acceptable
q | Performance shall be observed and recorded when the observed / measured performance
O
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characteristics, from the testing described (f) proper system flow paths and flow rates
above, meet the applicable design specifications, to all supplied loads including pump g

capacity and discharge head;
14.2.12.1.33 IIVAC Normal Chilled Water System
Prrogerational Test (g) proper pump motor start sequence and

margin to actuation of protective
(1) Purpose devices;

To verify the ability of the ilVAC normal (h) proper operation of interlocks and equip.
chilled water system (llNCW) to supply the ment protective devices in pump and
design quantitles of chilled water at the valve controls;
specified temperatures to the various cooling
coils of the llVAC systems serving rooms and (i) proper operation of permissive, prohl-
areas containing nonessential equipment and bit, and bypass functions;
systems.

(j) proper t.ystem operation while powered
(2) Prerequisites from primary and alternate sources,

includihg transfers, and in degraded
The construction tests have been success. modes for which the system is expected

o remain operational;fully completed and the SCG has reviewed the a

test procedure and has approved the initia-
tion of testing. Primary and audliary _ (k) acceptability of pump / motor vibration
electrical power, the associated cooling levels and system piping movements
water system (s), the applicable llVAC system during both transient and steady state
cooling coils, and other required system operation; and
interfaces shall be available, as needed, to
support the specified system testing. (I) proper functioning of system surge tank gand chemical addition features.

(3) GeneralTest Methods and Acceptance Criteria
Systern operation is considered acceptable

| Performance shall be observed and ecorded when the observed / measured performance charac-
during a series of individual compe yent and teristics, from thn testing described above,
integrated system tests to demonstrate the meet the applicable design specifications,,

following:
14.2.12.1.34 IIcating, Ventilation,and Air

(a) proper operation of instrumentation and Conditioning Systems Prroperational Test
equipment in all combinations of logie
and instrument channel trip; (1) Purpose

(b) proper functioning of instrismentation To verify the ability of the various IIVAC
and alarms used to monitor system systems to establish and maintain the speci-
operation and availability; fled environment, with regards to tempera-

ture, pressure, and airborne particulate
(c) proper operation of system valves, level, in the applicable rooms, areas, and

including isolation functions, under buildings throughout the plant, supporting
expected operating conditionst essential and nonessential equip ment and

systems.
(d) proper operation of pumps and motors in

all design operating modes; (2) Prerequisites

(c) acceptable pump NPSil under the most The construction tests, including initial
limiting design flow conditions; flow balancing, have been successfully

0
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completed and the SCO has reviewed the test (d) proper operation of fans ar.J motors in
procedure (s) and has approved the initiation all design operating modes;
of testing. Additionally, the normal and'

backup electrical power sources, the applic. (c) proper system flow paths and flow rates
able heating, cooling, and chilled water sys- including individual component and total
tems, and any other required system inter. system capacities and overall system
faces shall be available, as needed, to flow balancing;
support the specified testing.

(f) proper operation of interlocks and
(3) GeneralTest Methods and Accepu see Criteria equipment protcetIve devices;

There are numerous llVAC systems in the plant, (g) proper operation of permissive, pro-
located throughout the various buildings. hibit, and bypass functions;
Each system typically consists of some combi-
nation of supply and exhaust air handling (h) proper system operation while powered
units and local cooling units, and the asso. from primary and alternate sources,
clated fans, dampers, valves, filters, heat- including transfers, and in degraded
ing and cooling coils, and control and instru- modes for which the system is expected
mentation. The llVAC systems to be tested to remain opeintional;

| shall include the following: those support.
Ing the reactor building rooms containing the (i) the ability to maintain the specified
emergency diesel generators and the ECCS positive or negative pressure (s) in the
pumps and heat exchangers; those serving the designated rooms and areas and to direct
electrical equipment rooms of the control local and total alt flow, including any
building; those supporting the divisional potential leakage, relative to the
cooling water rooms; those supporting the anticipated contamination levels;
turbine / generator auxillaries, those sen.agf.

the secondary containment and the general (j) the ability of exhaust, supply, and
| areas of the control building, reactor recirculation filter units to maintain
| building and turbine building; and the the specified dust and contamination

dedicated systems of the drywell and the main free environment (s);'

control room (lacluding the control room
habitability function). (k) the ability of the control room

habitability function ' detect the
Since the various llVAC systems are similar in presence of smoke and\or toxic gas and
design of equipment and function, they are to remove or prevent in leakage of such;

,

subject to the same basic testing require-'

ments. (1) proper operation of IIEPA filters and
charcoal adsorber sections, if

| Performance shall be observed and recorded applicable, including relative to the
during a series of individual compcaent and in place testing requirements of

| Integrated system tests to demonstrate the Regulatory Guide 1.140 regarding visual
following: inspections and airflow distribution.

| DOP penetration and bypass leakage
(a) proper operation of instrumentation and testing;

equipment in all comb' .ations of logic
and instrument channel trip; (m)the ability of the heating and cooling>

, coils to maintain the specified thermal
! (b) proper functioning of instrumentation environment (s) while considering the

and alarms used to monitor system heat loads present during the preop test
operation and availability; phase; and

m (c) proper operation of system valves and (n) the ability of primary and secondaryC dampers, including isolation functions, containment 11VAC systems to provide
under expected operating conditions;
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ufficient purge, exhaust, and accircu-
lation flows in support of drywell h
inerting and deinerting operations.

System operation is considered acceptable
when the observed / measured performance charac-
teristics, from the testing described above,
meet the applicable design specifications.

14.2.12.1.35 Atmospheric Control System
Preoperational Tert

(1) Purpose

O

|
,

O
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To verify the ability of the atmospheric

O control system (ACS) to establish and
maintain the specified inert atmosphere in
the primary containment during all expected
plant conditions. System operation is considered acceptable

when the observed / measured performance charac-
(2) Prerequisites teristics, from the testing described above,

meet the applicable design specifications.
The construction tests have been successfully
completed and the SCO has reviewed the test 14.2.12.1.36 Standby Gas Treatment System
procedure and has approved the initiation of Preoperational Test
testing. The primary and secondary

| containments are intact, their ilVAC systems (1) Purpose
operational, and all other required inter-
faces available, as needed, to support the To verify the ability of the standby gas
specified testing. treatment system (SOTS) to establish and

maintain a negative pressure within the
(3) GeneralTest Methods and Acceptance Criteria secondary containment and to adequately

Glter the resultant exhaust air flow.
| Performance shall bo observed and recorded

during a series of individual component and (2) Prerequisites
integrated system tests to demonstrate the
following: The construction tests have been success-

fully completed and the SCG has reviewed the
(a) propes operation of instrumentation and test procedure and has approved the initia-

equipment in all combinations of logic; tion of testing. The primary and secondary
containments are intact and the appropriate

(b) proper functioning of instrumentation interfacing systems are available as re-
and alarms used to monitor system quired to support the specified testing,
operation and availability;

(3) GeneralTest Methods and Acceptance Criteria
(c) proper operation of system valves, in-

cluding timing, under expected operating Performance shall be observed and recorded |
conditions; during a series of individual component and

integrated system tests to demonstrate the
(d) proper nitrogen / air flow paths and flow following:

rates both into and out of the primary
containment; (a) proper operation of instrumentation and

equipment in all combinations of logic
(c) proper operation of interlocks and equip- and instrument channel trip;

ment protective devices;
(b) p,oper functioning of instrumentation

(f) proper operation of permissive, prohl- and alarms used to monitor system
bit, and bypass functions; and operation and availability;

(g) proper system operation while powered (c) proper operation of system valves and
from primary and alternate sources, dampers, including timing, under
including transfers, and in degraded expected operating conditions;
modes for which the system is expected
to remain operational. (d) proper operation of exhaust fans in all

design operating modes;

p (e) efficiency of IIEPA filters and leak
i
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tightness of charcoal adsorber section 14.2.12.1.40.1 Containaient Integrated 14akage
per Regulatory Guide 1.5t Rate Test

(f) proper system and component flow paths Description of and criteria for containment
and flow rates including overall sysicm integrated leakage rate tests are given in Sub.
flow balancet section 6.2.6.1.

(g) ability to maintain the specified nega. 14.2.12.1.40.2 Containment Structural
tive pressure in the secondary Integrity Test
containment;

Description of and criteria for the required
(h) proper operation of interlocks and containment structuralinctgrity test is given

equiprnent protective devicest in Sulbsection 3.8.1.7.1.

(1) proper operation of permissIye, 14.2.12.1.41 Pressure Suppression Containmert
prohibit, and bypass functionst flypass 14akage Tests

(j) proper operation of heaters, demister, Test procedures are indentical to those used
and moisture seperator equipment; and for other penetrations under Isolation condi.

tions as discussed in Subsection 6.2.6.2.
(k) proper system operation while powered

from primary and alternate sources,- 14.2.12.1.42 Containment isolation Valve
including transfers, and in degraded Functional and Closure *Ilming Tests
modes for which the system is expected
to remain operational. Preoperational functional and closure timing

tests of containment isolation valves is dis.
Refer also to Subsection 6.5.1.4.1. cussed in Subseetion 6.2.4.

O
System operation is considered acceptable when 14.2.12.1.43 Wetwell to-Drywell Vacuum !!reaker

the observed / measured performance characteris- System Pavoperational Test
tics, from the testing described above, meet the
applicable design specifications. (1) Purpose

14.2.12.1.37 Containment Isolation Valve To verify proper functioning of the wetwell-
leakage Rate Tests to drywell vacuum breakers.

Description of and criteria for preopera. (2) Prerequisites
tional leakage rate tests of containment isola.
tion valves are given in Subsection 6.2.6.3. The construction tests have been success.

fully completed and the SCO has reviewed the
14.2.12.1.38 Containment Penetration 14akage -test procedure and has approved the initia.
Rate Tests tion of testing.

Description of and criteria for preoperational (3) GeneralTest Methods and Acceptance Criteria
leakage rate tests of containment penetrations
are given in Subsection 6.2.6.2. Performance shall be observed and recorded

during a series of individual component and
14.2.12.1.39 Containment Airlock tsakage Rate - integrated system teats to demonstrate the
Tests following:

Description of and criteria for preoperational (a) proper operation of vacuum breaker-
leakage rate tests of ~ containment airlocks are valves and system logic including
given in Subsection 6.2.6.2. verification of opening and closing

O- setpoints and timing;
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(b) proper operation of instrumentation and h
alatins used to monitor systetu operation
and status, such as valve position in.
dication, including verification of
operability during loss of preferred

I
i

|

O

O
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power conditions during a series of individual component and
j integrated system tests to demonstrate the

',(c) proper functioning of valve positive following*
closure devices including verification
of siequate valve leak tightness; and (a) proper tracking of drywell pressure by '

all instrument channels during contain. ;

(d) proper functioning of vacuum breaker ment integrated leak rate testing;
test features. |

(b) proper response of all suppression pool
''

System operation is considered acceptable when level lastrumentation during actual
the observed / measured performance characteristics changes in pool level;
meet the applicable design specifications.

(c) proper tracking by all supp'ession pool.

'

14.2.12.1.44 Primary Containment Monitoring temperature instrument channels of an
lastrumentation Preoperillonal Test actual change in pool temperature;

(1) Purpose (d) proper functioning of associated indica-
tors, recorders, annunciators, and

To verify the proper operation of instru- alarms including those monitoring
mentation used for long term monitoring of instrumentation status;.and a
the drywell and wetwell atmospheres and
suppression pool temperature and level during (e) proper system trips in response to the
both normal operations and accident appropriate high and/or low setpoints
conditions in the primary containment. and inoperative conditions.

(2) Prerequisites System y ration is considered acceptable
when the observed / measured performance character-

O Th 're<'ie ' i h * 6 - i>'i '<e- 'h ' ii== d <i6 d 6 ve - *
.

fully completed and the SCG has reviewed the the applicable design specifications.
teat procedure and has approved the initla-
tion of testing. The suppression pool thall 14.2.12.1.45 Electrical Systems Preoperational
be filled and expected to undergo measurable Test
level and temperature changes at some point

.

'during the scheduled testing. The required The total plant electrical distribution net.
interfacing systems and components are work is described in Chapter 8 and is comprised
available, ar, needed, to support the spect- of the following systems:

,

fled _ testing. Additionally, any parallel
testing to be performed in conjunction with (1) unit auxillary AC power system;

| the testing of this subsection is~ appropri. (2) unit Class 1E AC power system;
atcly seheduled. (3) safety system logic and control system-

power system;
(3) GeneralTest Methods and Acceptance Criteria (4) instrument power system;

(5) uninterruptible power system;
A description of the instrumentation requir. (6) unit auxillary DC power system; and ,

ed for containment monitoring is presented in (7) unit class 1E DC power system,
Subsection 6.2.1.7, preoperational testing
of these instruments will be performed in Because of the similarities in their design
conjunction with .the testing of the applic- and function, the testing requirements for these |

| able systems. Only that instrumentation- systems, and their respective components, can bc
| requiring special considerations is discus- divided into the four general categories as

sed below, described below. The specific testing required
for each system is described in the applicable

.
- | performance shall be observed and recorded design and testing specifications,
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i
14.2.12.1.43.1 DC Power Supply Splem tricalindependence for its particular
PrvoperationalTest applicatlon;

,

j (1) Purpose (c) proper functioning of transfer devices,
j breakers, cables and inverters (includ.

To verify the ability of DC power supply ing load capability);,

] systems to supply highly reliable, uninter.
j ruptable power for instrumentation, logic, (f) proper calibration and trip settings of

control, lighting and other normal and protective devices, including relaying,
|

j cmcrgency loads that must remain operational and proper operation of permissive and
during and after a loss of AC power. prohibit interlocks;*

(2) Prerequisites (g) proper operation of instrumenta:lon and
j alarms associated with under voltage,

! Tbc construction tests have been success. over voltage, and ground conditions; and

| fully completed and the SCG has reviewed the
test procedures and has approved the initia. (h) proper operation of emergency DC-
tion of testing. All interfacing systems and lighting, including capacity of self

: equiprnent required to support system contained batteries.
operation shall be available, as needed, for'

tbe specified testing configurations. 14.2.12.1.45.2 Ementency AC Power Distribution

.

System Preoperational Test4

(3) GeneralTest Methods and Acceptance Criteria
_

,;

(1) Purpose
The DC power supply systems consist of es.
sential and nonessential equipment,includ. To verify the ability of the Class 1E AC
Ing batteries, battery chargers, inverters, power distribution system to provide both

O i ii ir n f wii s na e i 'ea m nn i na f >>x niem tic me n fer nPeix-
instrumentation and alarms, that is used to ing and regulating AC power to safety equip.
supply both normal and emergency loads. ment, from both offsite and onsite sources,

| Performance shall be observed and recorded via independent distribution subsystems for
during a series of individual component and each redundant Class 1E load group;
integrated systems tests to demonstrate the
following: (2) Prerequisites

(a) capability of each battery bank to The construction tests have been success.
supply its design load for the specified fully completed and the SCG has reviewed the
time without the voltage dropping below test procedure and has approved the initia.
minimum battery or celllimits; = tion of testing. All interfacing systems

and equipment required to support system
(b) capability of each battery charger to operation shall be available, as needed, for

fully recharge its associated battery the specified testing configurations.
(or bank), from the discharged state,
within the specific 6 time while (3) GeneralTest Methods and Acceptance Criteria
simultaneously supplying the specified .

r

loads; The Class 1E AC power distribution sptem is
comprised of the equipment required for

(c) _ verification that actual loading of each transformation, conversion, and regulation
DC bus is consistent with battery sizing of voltage to the essential busses, the _ i

assumptions; switchgear and motor control required for
- the individual loads served, and the coordi.

-(d) verification that each DC bus meets the nated system protective relaying.- Perfor.
specified level of redundancy and elec. mance shall be observed and recorded during |

O.'
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a series of individual component and diesel fuel oil transfer, dicsci generator
integrated system tests to demonstrate the starting air supply, Jacket water, and lube
following: oil.

(a) proper operation of initiating, trans- (2) Prerequisites
fer, and trip devices:

The construction tests have been successful.
(b) proper operation of relaying and logic, ly completed and the SCO has reviewed the

including load shedding features; test procedure and has approved the initia.
tion of testing. All interfacing systems

(c) proper operation of equipment protective and equipment required to support system op.
devices, including permissive and prohl- eration shall be available, as needed, for
bit interlocks; the specified testing configuration. Addi-

tionaly, sufficient diesel fuel shall be
(d) proper operation of instrumentation and available, on site or readily accessible,

alarms used to monitor system and equip- site to perform the scheduled tests,
ment status (including availability);

(3) General Test Methods and Acceptance Criteria
(c) proper operation and load carrying

capability of breakers, motor controll- Performance shall be observed and recorded |
ers, switchgear, transformers, and during a series of individual component and
cables; integrated system tests to demonstrate the

following:
(f) that a sufficient level of redundancy

and electrical independence exists as (a) proper automatic startup and operation
specified for each application; of the diesel generators upon simulated

loss of a c voltage and attainment of
(g) the capabilit. to transfer between the required frequency and voltage with- g

onsite and offsite power sources as per in the specified time limits;
design;

(b) proper response and operation for de-
(h) the ability of emergency and vital loads sign basis accident loading sequence to

to start in the proper sequence and to design basis load requirements, and
operate properly under simulated verification that voltage and frequency
accident conditions, while powered from are maintained within specified limits;
cither preferred or standby sources, and
over the specified range of available (c) proper operation of the diesel genera.
bus voltage; and to:s during load shedding, load sequenc-

ing, and load rejection, including a
(i) the adequacy of the plant emergency and test of the loss of the largest single

essential lighting systems, load and of the complete loss of load,
verifying that voltage and frequency are

14.2.12.1.45.3 Emen;cncy Diesel Generator maintained within design limits and that
Preoperational Test overspeed limits are not exceeded;

(1) Purpose (d) that a LOCA signal will block generator
breaker or field tripping by till protec.

To demonstrate the capability of the emer. tive relays except for the generator
gency diesel generators to provide highly re- phase differential current and engine |

liable emergency electrical power during nor- overspeed relays; ;
'

mal and simulated accident conditions when
normal offsite power sources are unavailable, (e) that a LOCA signal will initiate termin-
and to demonstrate the operability of the ation of parallel operations (test or
diesel generator auxiliary systems, e.g., manual transfer) and that the diesel h

1
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generator will continue to run unloaded (m) proper operation and correct setpoints

(]' and available; for initiating and trip devices and
verification of system logic not tested

(f) that the engine speed governor and the otherwise; and
generator voltage regulator automati-
cally return to an isochronous (constant (n) proper operation of auxiliary systems
speed) mode of operation upon initiation such as those used for starting, cool-
of a LOCA signal; ing, heating, ventilating, lubricating,

and fueling the diesel generators.
(g) full load carrying capability of the

diesel generators for a period of not 14.2.12.1.45.4 Normal AC Power Distribution
less than 24 hours, of which 22 hours System Prroperational Test
are at a load equivalent to the con-
tinuous rating of the diesel generator (1) Purpose
and 2 hours are at the 2 hour load
rating as described in Reg Guide 1.108 To verify the ability of the normal AC power
including verification that the diesel distribution system to provide a means for
cooling systems function within design supplying AC power to nonessential equip.
limits, and the diesel generator ilVAC ment, from both onsite and offsite sources,
system maintains the dicsci generator via the appropriate distribution network (s).
room within design limits;

(2) Prerequisites
(h) functional capability at operating

temperature conditions by reperforming The construction tests have been success-
the tests in (a) and (b) above immedi. fully completed and the SCO has reviewed the
ately after completion of the 24 hour test procedure and has approved the initia-
load test per (g) above; tion of testing. All interfacing systems

O a a ie i < a ir d 'e eneri >>' - 1

(i) the ability to synchronire the diesel operation shall be available, as needed, for
generators with offsite power while con- the specified testing configurations.

! nected to the emergency load, transfer
the load from the diesel generators to (3) GeneralTest Methods and Acceptance Criteria
the offsite power, isolate the diesel
generators, and restore them to standby The normal AC power distribution system is
status; comprised of the equipment used for trans.

formation, conversion, regulation, and
(j) that the rate of fuel consumption and distribution of voltage to plant nonessen-

the operation of any fuel oil supply
tial equipment during normal operation. |pumping or transfer devices, while Performance shall be observed and recorded

operating at the design basis accident during a series of individual component and
load, are such that the requirements for integrated system tests to demonstrate the
~1 day storage inventory are met for each following:
diesel generator;

(a) proper operation of initiating, trans-
(k) that all permissive and prohibit fer, and trip devices;

,

| interlocks, controls, and alarms (both
local and remote) operate in accordance (b) proper operation of relaying and logic,,

with design specifications; including load shedding features;
i

I (1) acceptable diesel generator reliability (c) proper operation of equipment protective
during starting and loading sequences as devices, including permissive and prohl-
described in Reg. Guide 1.108; bit interlocks;

(3
| N
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(d) proper operation of instrumentation and groups, two at a time (A and II,11 and C, A
alarms used to monitor system and equip- and C), with the other divisionalload group g
ment status; completely isolated from both onsite and

offsite power sources (including DC sour.
(c) proper operation and load carrying cap- ces), simulate a divisional but under vol.

ability of breakers, snotor controllers, tage condition (LOP) followed immediately by
switchgear, transformers, and cables; a LOCA signal and verify the following:

(f) sufficient level of redundancy and elec. (a) that the appropriate divisional dicsci
trical independence as specified for generators automatically start, roach
each application; and rated speed and voltage, and connect to

their respective divisional buses
(g) the capability to transfer between on. according to design and within the

site and offsite power sources as per specified time;
design.

(b) that all relaying and interlocks related
Performance of each of the various plant elec- to the LOP /LOCA condition operate pro-
trical systems is considered acceptable when perly including the specified shedding
the testing described above demonstrates that and sequencing of sources and loads;
the requirements of the applicable design and
testing specifications have been met. (c) that all divisional loads operate as de.

signed in response to the LOP /14CA con-
14.2.12.1.46 Integrnled ECCS Imn of Offsite dition, including establishment of the
Power (LOP)/LOCA Preoperational Test appropriate divisional ECCS flow to the

vessel within the specified time; and
(1) Purpose

(d) that all loads and electrical busses
To verify the proper integrated ECCS and associated with the isolated divisional g
plant electrical system response to a simu. load group remain deenergized.
lated LOP /LOCA condition and to verify the
independence of the redundant onsite divi. The test of each combination shall be of I
sional power sources and their associated sufficient duration to allow establishment
load groups, of stable operating conditions such that any

adverse conditions which might result from
(2) Prercquisites improper load group assignment (e.g., lack

of forced cooling of a vital component or
The preoperational tests of the plant elec- system) would be detected.
trical system, including dicsci generators,
and the ECCS and related auxiliary systems, After the proper response of each divisional
have been successfully completed. The reac- combination has been separately demonstrated
tor vessel shall be ready to accept design the integrated response of all ECCS and
ECCS injection flow, all ECCS pumps shall electrical divisions shall be demonstrated |
have an adequate suction source, the diesel by simulating a complete loss of offsite

| generators shall have sufficient fuel avail- power and LOCA condition and then verifying
able, and essential DC power shall be avail- items (a) through (d) above for all three
able. All other required systems shall also diesel generators and load groups es they
be available, as needed, to support the respond and operate simultaneously,
specified integrated testing.

Performance is acceptable when the above
(3) GeneralTest hiethods and Acceptance Criteria testing demonstrates that the applicable design

specifications have been met.
For each combination of divisional load

O
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14.2.12.1.47 Plant Communications System (I) audibility of speakers and receivers
PreoperationalTest under anticipated background noise

levelst
(1) Purpose

(g) the ability _to establish the required
To verify the proper operation and adequacy communications with outside agencies;
of all plant communications systems and and
methods that will be used during normal and
abnormal operations including those needed to (h) proper functioning of dedicated use
carry out the plant emergency plan. systems and of those systems expected to

function under abnormal conditions such
(2) Prerequisites as loss of electrical power or shutdown

from outside the control room scenation.
The construction tests have been success.
fully completed and the SCO has reviewed the System operation is considered acceptable
test procedute and has approved the inilla. when the observed / measured performance
lion of testing. Inlllal system and compo. characteristics meet the applicable design
nent settings (gains, volumes, etc.) shall be specifications.
consistent with expectations of the acoustic
environment and background noise levels for 14.2.12.1.48 Fire Protection System
each location and for all modes of operation.- Preoperational Test

(3) GeneralTest Methods and Acceptance Criteria (1) Purpose

The communications systems to be tested To verify the ability of the fire protection
include the plant PA system, all hardwired system to detect and alarm the presence of
systems _within the plant, portable radio combustion, smoke or fire within the plant

O > i - ie 6 es a iihin is vi ni de n- naieiniiii in rererrii err sien
dary, normal and dedicated communications - systems or devices.
links to outside agencies, and the plant

| emergency alarms. Performance shall be (2) Prerequisites
observed and recorded during a series of
individual component and integrated system The construction tests have been successful.
ter>ts to demonstrate the following: ly completed and the SCG has reviewed the

.. test procedure and has approved the initi.
-

(a) proper functioning of all transmitters ation of testing. The required electrical
and receivers without excessive Inter. power and make up water sources, and other
ference levels; appropriate laterfaces and support systems,

are available as needed for the specified
(b) _ proper operation of all controls, swit. testing.

ches, and interfaces including silencing
and muting features; - (3) _ General Test Methods and Acceptance Criteria' -

(c): proper isolation and independence of The fire protection system is but one part
various channels and systems; of the overall fire protection program.

'This program is the integrated effort
-(d) proper operation of systems under multi. involving components, procedures, and

ple user and fully loaded conditions as : personnel utilized in carrying 1out all
per . design; activities of fire protection, in accordance

with Criterion 3 of 10CFR50, Appendix A. It
- (c) proper operation of plant emergency- includes systems and components, facility

alarms; design, fire prevention, detection, annun.
ciation, confinement, suppression, adminis.

.; ._
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trative controls, fire brigade organization, (g) proper functioning of smoke, heat and !

g)training, quality assurance, inspection, test- flame detection devices;
'

log, and maintenance. The fire protection
program begins with the initial design of all (h) proper operation of both local and
plant systems and equipment and of the build- remote alarms including those interfac-
ings and structures in which they are locat- ing with outside agencies; and
ed. A detailed analysis is then performed on
this design to identify, qualify, and quanti- (i) proper operation of primar, and second-
fy all potential fire hazards, and their con- ary electeical power sources including
sequences, within the plant. Specific fire fire protection system diesel genera-
protection equipment is then added, where tors,

needed, when individual coraponent design and
features such as physical separation, walls, System operation is considered acceptable
doors, and other barricts and passive devi- when the observed and measured performance
ces, do not completely fulfill the require- characteristics, from the testing described
ments of the fire protection program, above, meet the applicable design specifi-

cations.
The majority of the effort involved in de.
monstrating that the requirements of the 14.2.12.1.49 Radioactive Liquid Drilnage and
overall fire protection program are met will Transfer Systems Preoperational Tests-

be through analysis and documentation. Pre-
operational testing of the fire protection (1) Purpose
system will mainly be limited to the equip-
ment and facilities designed for the detec- To verify the proper operation of the
tion, annunciation, and suppression of various equipment and pathways which make up

| fir e s. This testing shall include the the radioactive liquid drainage and transfer
following demonstrations: system within the Nuclear Island.

O
(a) proper operation of instrumentation and (2) Prerequisites

equipment in all combinations of logic
and control; The construction tests have been successful-

ly completed and the SCO has reviewed the
(b) proper functioning of prohibit and per- test procedure (s) and has approved the

missive interlocks and equipment initiation of testing. An adequate supply
protective devices; of demineralized water, the necessary

electrical power, and other required
(c) proper operation of system valves, interfacing systems shall be available, as

pumps, and motors under expected opc- needed, to support the specified testing.
rating conditions;

(3) GeneralTest Methods and Acceptance Criteria
(d) proper system and component flow paths,

flow rates and capacities; The testing described below consists of that
of the equipment and pathways for the

(c) proper operation of water based suppres- drainage and transfer of radioactive and
sion systems such as spray, sprinkler, potentially radioactive liquids within the
deluge, and hose devices and of other plant. Also included are dedicated systems
suppression systems such as those utill- for the handling of liquids that require
zing halon, carbon dioxide, foams and special collection and disposal
dry chemicals, including both manually considerations such as detergents,
and automatically actuated systems;

Performance shall be observed and recorded |
(f) proper operation of freeze protection during a series of individual component and

devices, if applicable; integrated system tests to demoestrate the

O
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following: fuel, vessel internals, and reactor compo-

O.
nents during the refueling and servicing

(a) proper operation of equipment controls operations.
an.d logic including prohibit and
permissive interlocks; (2) Prerequisites

(b) proper operation of equipment protective The construction tests have been successful-
features and automatic isolation ly completed and the SCO has reviewed the
functions; test procedure and has approved the initia-

tion of testing. The required electrical
(c) proper functioning of instrumentation power sources and sufficient lighting shall

and alarms used to monitor system be available under vessel, in the drywell,
operation and status; and on the refueling floor. The refueling

floor (including the upper pools and reactor
(d) acceptable system and component flow cavity) and drywell and under vessel areas

paths and flow rates including pump shall be capable of supporting load and tra- |

capacities and sump or tank volumes; vel testing of the various crancs, bridges,
and hoists. Other interfacing systems shall

(c) proper operation of system pumps, be available as required to support the
valves, and motors under expected specified testing.
operating conditions;

(3) General Test Methods and Acceptance Criteria
(f) proper functioning of drains and sumps

including those dedicated for handling Fuel handling and reactor component servic-
of specific agents such as detorgents; ing equipment testing described herein in-
and cludes that of the reactor building crane,

refueling bridge, auxiliary platform, and
(g) proper calibration and operation of the associated holsts and grapples, as wc 1

radiation detectors and monitors, as other lifting and rigging devices. Also
included are specialized hand tools and

System operation is considered acceptable when viewing aids. Fuel pool cooling and cleanup
the observed and measured performance characteris- functions are tested as described in Subsec-
tics, from the testing e., eribed above, meet the tion 14.2.12.1.21. The liVAC systems serving
applicable design specifications, the refueling floor and drywell are tested

as described in Subsection 14.2.12.1.34.
14.2.12.1.50 Fuel llandling and Reactor

| Component Servicing Equipment Preoperational Performance shall be observed and recorded |
Test during a series of individual component and

integrated system tests to demonstrate the
(1) Purpose following:

To verify proper operation of the fuel (a) proper operation for each crane, bridge,
handling and reactor component servicing trolley, or platform through its full
equipment. This includes crancs, hoists, travel and at up to its maximum speed
grapples, trolleys, platforms, hand tools, including verification of braking action
viewing aids, and other equipment used to and overspeed or overtravel protection
lift, transport, or otherwise manipulate devices;
fuel, control rods, neutron instrumentation,
and other in vessel, under vessel, and dry- (b) proper operation of the various cables,
well components. Also included is equipment grapples, and hoists including brakes,
needed to lift and relocate structures and limit switches, load cells, and other
components necessary to provide access to equipment protective devices;

l )
% s'
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(c) proper functioning of all control, in. (3) GeneralTest hlethod and Acceptance Criteria
strumentation, logic, interlocks and g
alarms; Vibration and thermal expansion testing will W

be conducted on plant systems and components
(d) proper functioning of other fuel handl- of the following classifications:

ing and reactor component servicing
equipment such as that used for cell (a) ASME Code Class i,2 and 3 systems;
disassembly, channel replacement, in-
strument handling, CRD handling, RIP (b) high energy piping systems inside Seis-
servicing, SRV and MSIV maintenance, mic Category 1 structures;
pool and vessel vacuum cleaning, and for
underwater lighting and viewing. (c) high energy portions of systems whose

failure could reduce the functioning of
(c) proficiency in fuel movement operations any Seismic Category 1 plant features to

using dummy fuel (prior to actual fuel an unacceptable level; and
loading); and

(d) Seismic Category 1 portions of moderate
(f) dynamic and static load testing of all energy piping systems located outside

cranes, hoists, and associated lifting containment.
and rigging equipment including static
load testing at 125% of rated load and Thermal expansion testing during the preope-
full operational testing at 100% of rational phase will be limited to those sys-
rated load. tems that are expected to be heated up sig.

nificantly above their normal ambient tempe-
System and component operation is considered ratures. The testing will be in conformance

acceptable when observed and measured performanca with ANSI /ASME-OM7 as discussed in Subsection
characteristics from the testing described above 3.9.2.1.2, and will consist of a combination of
meet the applicable design specifications, visual inspections and local and remote dis- g

placement measurements. This testing, as well
14.2.12.1.51 Expansion,Vibrntion and Dynamic as that performed during the power ascension
Effects Preoperational Test phase per Subsection 14.2.12.2.10, includes the

inspection and testing of RCPB component
(1) Purpose supports as described in Sut.,;c' ion 5.4.14.4.

Visual inspections are performed m identify
To verify tt .;ritical components and piping actual or potentLi constraints to free ti.ermal
runs are pqerly designed and supported such growth. Displacement measurements will be made
that expected steady state and transient vi- utilizing specially installed instrumentations
bration and movement due to thermal expansion and also using the position of supports such as
does not result in excessive stress or fa- snubbers. Results of the thermal expansion
tigue to safety related plant systems and testing are acceptable when all systems move as
equipme st. predicted and there are no observed restraints

to free thermal growth or when additional
(2) Prerequisites analysis shows that any unexpected results will

not produce unacceptable stress values.
All piping and components and their associat-
ed supports and restraints have been inspect. Vibration testing will be performed on system
ed and determined to be installed per de- components and piping during preoperational
sign. Additionally, support devices such as function and flow testing. This testing will be
snubbers and spring cans have been verified in accordance with ANSI /ASME-OM3 as discussed in
to be in their expected cold, static posi- Subsection 3.9.2.1.1 and will include visual
tions and temporary restraining devices such observation and local and remote monitioring in
as hanger locking pins have been observed to critical steady state operating modes and during

,

be removed. transients such as pump starts and stops, valve
stroking, and significant process flow changes. h'
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Results are acceptable when visual observations
/ show no signs of excessive vibration and when'

\ measured vibration amplitudes are within
acceptable levels to assure no failures from
fatigue over the life of the plant as calculated
based on expected steady state and transient
operation.

I

l

I

!

O
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14.2.12.1.52 Reactor Vessel flow induced cessible at the proper times. The required

(_) Vibration Prroperational Test sensors shall be installed and calibrated
prior to the flow testing. All other sys-

(1) Purpose tems, components, and structures shall be
available, as required, to support the reac- ,

To collect information needed to verify the tor vessel internals vibration assessment I

adequacy of the reactor internals design, pror n. ,

manufacture, and assembly with respect to the |
potential effects of flow induced vibration. (3) General rest Methods and Acceptance Criteria
Instrumentation of major components and the
flow tests and inspections will provide assur. The reactos internals vibration assessment
ance that excessive vibration amplitudes,if program consists of three parts: a vibra-
they exist, will be detected at the earliest tion analysis program, a vibration measure.
possible time. The data collected will also ment program, and an inspection program,
help establish the margin to safety associa. The vibration analysis portion la performed
ted with steady state and anticipated tran- on the final design, prior to the preopera-
sient conditions and will help confirm the tional test, and the results are used to
pretest analytical vibration calculations, develop the measurement and inspection
This testing will fulfill the preoperational portions of the program. The preoperational
requirements of Regulatory Guide 1.20 for a test therefore consists of an instrumented
vibration measurement and inspection program flow test and pre ar.d post test inspections
for prototype reactor internals,and applies as described in the following paragraphs:
only to the AllWR designated for testing of
' prototype * reactor internals. Subsequent (a) Pre flow Vesselinspection
ABWRs, whose internals qualify as non-
prototype, are subject to a reduced set of The preflow inspection is performed pri-
testing requirements in accordance with marily to establish and document theg

Q Regulatory Guide 1.20 as discussed in status of vessel internal structures and
Subsections 3.9.2.4 and 3.9.7.1. components. Some of the inspection re-

quirements may be met by normal visual
(2) Prercquisites fabrication inspections. The majority

of the inspection requirements will be
The initial vibration analysis computations met by visual and remote observations of
and specificatio.i of acceptance criteria the installed reactor internals in a

| shall be complete. These results shall be flushed and drained vessel. The fol-
utilized to define final inspection and mea. lowing types of structures and compo-
surement programs. Preoperational testing of nents shall be included in the vessel |

| the recirculation system shall be suffi- interuals inspection program:
ciently complete to ensure safe operation of
the reactor internal pumps at rated volumet. (1) major load bearing elements
ric flow for the duration of the scheduled including lateral, vertical and tor-
flow testing. This includes all required aux- sional supports;
iliary systems. All reactor vessel compo-

| nents and structures shall be installed and (2) locking and botting components whose
'

secured as designed in expectation of being f ailure could adversely affect
subjected to rated volumetric core flow. structural integrity;
This includes the steam separator assembly
and reactor vessel head but excludes the (3) known or potential contact surfaces;
steam dryer. Also, during the flow testing,
the control blades shall either be removed or (4) critical locations as identified by
be fully withdrawn and motion inhibited. The the vibration analysis program; and
assembly and disassembly of vesselinternals

| shall be choreographed such that structures (5) interior surfaces for evidence of
( and components requiring inspection are ac- loose parts or foreign material.
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(b) Flow testing

The preoperational flow test will be
performed at rated volumetric core flow

|

O

|
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with the vessel internals completely in. considered acceptable when results of

(] tact with the exception of the fuel bun- the measurement program correlate and
\ dies, the control blades (unless fully compare favor,'bly with those of the ana-

withdrawn), and the steam dryer assem- lysis program, and, when the results of
bly. A post fuel load, subcritical flow the inspections show no signs of de-
test will be performed later on the com. fects, loose parte catraneous material,
picte reactor assembly unless it is or excessive wear d;-- to now testing,
shown analytically or experimentally and are consistent with th results ob-
that the preoperational results are tained from the analysis and measurement
already conservatively bounding. Addi. programs.
tionally internals vibration will be
measured during individual component or 14.2.12.1.53 Condensate and Feedwater Systems
system preoperational testing where Prroperational Test
operation my result in significant
vibrational excitation of reactor (1) Purpose
internals, sucn as llPCF testing.

To verify proper operation of the
The duration of preoperational testing various components that comprise the

| at the various flow configurations shall condensate and feedwater systems and
ensure that each critical egmponent is their capability to deliver the required
subjected to at leas: 10 cycles of flow from the condenser hotwell to the
vibration, as calculated using the nuclear boiler system.
lowest frequency for which the com-
ponent is expected to experience a sign- (2) Prerequisites
ificant structural response.

The construction tests have been
(c) Post ilow Vesselinspection successfully completed and the SCO has,o

Q reviewed the test procedure (s) and has
The post flow inspection shall be per- approved the initiation of testing. The
formed after tl.e resultant vibrational required interfacing systems shall be
excitation from the preoperational flow available as needed, to support the
testing described above. The structures specified testing. For all flow testing
and components inspected shall be the their shall be an adequate suction
same as specified for the preflow in- source available and an appropriate flow
spection. Visual and remote observa- path established.
tions are performed after the vessel has
been depressurized and drained. Inspec- (3) GeneralTest Methods and Acceptance
tion of critical surfaces and components Criteria

| shall be performed prior to any disas-
sembly required for access to other Preoperational testing of the condensate
internal structures, and feedwater systems will include the

piping, components, ar j instrumentation
(d) Acceptance Criteria between the condenser and the nuclear

boiler but not the condensate filters or
The acceptance criteria are generated as deminerallrert not the feedwater
part of the analytical portion of the heaters, which will be tested separately
program in terms of maximum vibrational per the specific d scussions provided
response levels of overall structures for those features,
and components and translated to speci-
fic sensor locations. Performance shall be observed and |,

recorded during a series of individual
Reactor vessel internals vibration is component and integrated system tests to

demonstrate the following:e
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(a) proper operation ofinstrumentation and 14.2.12.1.54 Condensate Cleanup System
equipment in all combinations of logic and Prroperational Test g
instrument channel trip;

(1) Purpose
(b) proper functioning of instrumentation and

alarms used to monitor system operation To verify proper operation of the condensate
and availability; filteis and dcmineralirers and the associated

suppor* facilities.
(c) proper operation of system valves,

includiag timing, under expected operating (2) Prerequisites
conditions;

The construction tests have been successfully
(d) proper operation of pumps and motors in completed and the SCO has reviewed the test

all design operating modes; procedure and has approved the initiation of
testing. The condensate system shall bc |

(c) acceptable pump NPSil under the most operational with an established flow path
limiting design flow conditions; capable of supporting full condensate filter and

demineraliter flow. Adequate supplies oflon
(f) proper system flow paths and flow rates exchange resin should be available and the

including pump capacity and discharge radwaste system shall be capable of processing |
head; the expected quantities of water and spent

resins. Other required interfacing systems shall |
(g) proper pump motor start sequence ai.d also be available, as needed, to support the

margin to actuatkm of protective devices; specified testing.

(h) proper operation of interlocks and (3) Orneral Test Methods and Acceptance Critpia
equipment protective devices in pump,

during a series of individual component and |$motor, and valve controls; Performance shall be observed and recorded

(i) proper operation of permissive, prohibit, integrated system tests to demonstrate the
and bypass functions; following:

(J) proper system operation while powered (a) proper operation ofinstrumentation and
from primary and alternate sources, equipment in all combinations of logie and
including transfer ,, and in deg:aded modes instrument channel trip;
for whleh system components are expected
to remain operational; (b) proper functioning ofinstrt: mentation and

alarms ured to monitor system operation
(L) acceptability of pump / motor vibration and status;

levels and system piping movements during
both transient and steady state operation; (c) proper operation of system valves,
and including timing, under crpeeted operating

conditions;
(1) proper operation of controllers for pump

drivers and flow control valves including (d) proper indhidual vessel and overall system
those in minimum flow recirculation lines. Ilow rates and pressure drops including

bypass caprbilities (for both filter and
System operation is considered acceptable whe.i demineralizer units);

the observed / measured performance characteristles,
from the testing described above, meet the (c) proper operation of interlocks and
applicable design specifications, equipment proteetiye devices;

O
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(f) proper operation of permissive, prohibit, Performance shall be observed M , f
and bypass functions; during a series of individual +.-- .

i

integrated system tests (to thi o J
(g) the ability to perform on line exchange of to demoustrate the following:

| standby and spent filter units and
i

deminerallier vessels; and (a) proper operation ofinstrumen ,n and
equipment in all combinations of logic and|

(h) proper operation of filter and instrument channel trip;
demineraliter support facilities such as
those used for regeneration of resins or for (b) proper functioning of instrumentation and
handling of wastes, alarms used t.n monitor system operatiorii

| and availability;
System operation is considered acceptable when

the nbserved/ measured performance characteristics (c) proper operation of system valves,
meet the applicable design specifications. Including timing and sequencirg, under

expected operating conditions;
14.2.12.1J5 Reactor Water Chemletry
Control Systems Preoperational Test (d) proper syster:.110w paths, slow rates and

pressures;
(1) Purpose

(c) proper operation of system interlocks and
To verify proper operation of the various equipment protective devices; and,
chemical addition systems designed for acthcly

.

controlling the :eactor water chemistry, (f) proper operation of permisshe, prohibit,

|
including the oxygen injection system, the rine and bypass functions;

| injection passivation system, the iron ion
injection system, and the hydrogen water

O $ - t ' <> >>' . s ' er 'ie > i e id a r' si -a -r
the observed / measured performance characteristics,

(2) Prerequisites from the testing described above, meet the
I applicable design specifications.
| The construction tests have been successfully

completed and the SCO has reviewed the test 14.2.12.1.56 Condenser Air Remnval System
procedure (s) and has approved the initiation of Preoperational Test
testing. The required interfacing systems shall
be available, as needed, to support the specified (1) Purpose
testing. The appropriate vendor precautions
shall be followed with regards to the operation To verify the ability for the mechanical vacuum
of the affected sytems and componenets and pumps and the steam jet air ejectors to
for the actual reactor water chemistry given the establish and maintain a vacuum in the main
existing reactor operating state, condenser as per design.

,

(3) GeneralTest Methods and Acceriaree Criteria (2) Prerequisites

Preoperational testing of these systems will Construction tests have been successfully
concentrate on verifying proper operation of corapleted and the SCO has reviewed the test

- the equipment skids and the various indhidual procedure and has approved the initiation of
components. - Actual chemical injection testing. The main condenser shall be intact and
demonstrations and/or simulations shall be steam shall be available from the auxiliary
limited to only those cases where it is deemed boiler or some other temporary source. Other
practicable or appropriate with regards to the required interfacing systems shall be available,
aforementioned precautions, as needed, to support the specified testing.

O
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(3) GeneralTest Methods and Acceptance Criteria gp ,g,
O| Performance shall be observed and recorded

The construction ter,ts have been successfullyduring a series of Individual component and
completed and the SCO has reviewed the testintegrated system tests to demonstrate the
procedure and has approved the initiation of

I"" *I"8 testing. Additionally, instrument alt, electrical
power, c oling water, and other required

(a) proper operation ofinstrumentation and
equipment in all combinations of logic and system interfaces shau be ayadaNe, as needed,

to support the specified testmg.
instrument channel trip;

(3) Genera est MetWs ad AcceNance Crheria(b) proper functioning ofinstrumentation and
alarms used to monitor system operation

during a series of individual component and |
performance shall be observed and recorded

and status;

I"'egt d system tests to demonstrate the(c| proper operation of system valves, g j;
including timing, under expected operating
conditions; (a) proper operation ofinstrumentation and

equipment in all combinations of logic and
(d) proper operation of the mechanical instrument channel trip;

vacuum pumps including the ability to
establish the required vacuum within the (b) proper functioning ofinstrumentation and
design time frame; alarms used to monitor system operation

and availability;
(c) proper operation of the steamjet air

ejectors including their ability to maintain (c) proper operation of system valves,
the specified vacuum in the main including isolation features, under a
condenser (while accounting for the source expected operating conditions; W
of the driving steam used);

(d) proper operation of components in all
(f) proper pump motor start sequence and design operating modes;

margin to actuation of protective devices;
(c) proper system and component flow paths

(g) proper operation of interlocks and snd flow rates;
equipment protective devices in pump,
motor, and valve controls; and (f) proper operation of interlocks and

equipment protective devices;
(h) proper operation of permissive, prohibit,

and bypass functions; (g) proper operation of permissive, prohibit,
and bypass functions; and

Operation is acceptable when the observed /
measured performance characteristics meet the (h) proper system operation while powered
appucable design specifications, from primary and alternate sources,

including transfers, and in degraded modes
14.2.12.137 OfTgas Splem Preoperational Test for which the system is expected to remain

operational.
(1) Purpose

System operation is considered acceptable when
To verify proper operation of the offgas system the observed / measured performance characteristics,
including valves, recombiner, condensers, from the testing described above, meet the
coolers, filters, and hydrogen analyzers. applicable design specifications.

O
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14.2.12.1.58 Hotweli tstel Control Splem To verify the ability of the condensate storage
Preoperational Test and transfer system to provide an adequate

reserve of condensate quality water for
(1) Purpose make up to the condensate system, as a

preferred suction source for the RCIC and
To verify design level control capability in the IIPCS systems, and for other uses as designed.
main condenser hotwell.

(2) Prerequisites
(2) Prerequisites

The construction tests have been successfully
The construction tests have been successfully completed and the SCG has reviewed the test
completed and the SCG has reviewed the test pncedure and hat approved the initiation of
procedure and has approved the initiation of testing. All required interfacing systems shall
testing. The condenser, condensate storage be available, as needed, to support the specified
tank, condensate pumps, and associated valves testing.
and piping shall be operational and the other
required interfacing systems shall be available, (3) General Test Methods and Acceptance Criteria
as needed, to support the specified testing.

Performance shall be observed and recorded |
(3) Ger eralTest Methods and Acceptance Criteria during a series of individual component and

integrated system tests to demonstrate the
| Performanec shall be observed and recorded following:

during a series of individual component and
integrated system tests to demonstrate the (a) proper operation ofinstrumentation and
following: equipment in all combinations of logic;

O (a) proper operation of system components in (b) proper functioning of permissive and
all combinations of logic and in response prohibit interkxks;
to all expected controller demands; '

(c) proper functioning ofinstrumentation and
(b) proper functioning ofinstrumentation and alarms used to monitor system operation

alarms used to monitor system operation and status including CST volume and/or
and status; level;

(c) proper operation of system valves (d) proper operation of frecre protection
including stroke and timing; and oevices,if applicable;and

(d) the ability to maintain the desired hotwell (e) the ability of the system to provide desired
condensate inventory in conjunction with flow rates and volumes to the applicable
the condensate storage and transfer systems and/or components,
system.

Operation is considered acceptable when the
System operation is considered acceptable when observed / measured performance characteristics

the olucrved/ measured performance characterist:es, meet the applicable design specifications.
from the testing described above, meet the
applicable design specifications.

'

14.2.12.1.60 Circulating Water Splem
Pavoperational Test

14.2.12.1.59 Condensate Storage and Transfer
System PreoperationalTest (1) Purpose

(1) Purpose To verify the proper operation of the
circulating water system and its ability to

. circulate cooling water from the ultimate heat

Amendment 21 14.2-44 4
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sink through the tubes of the main condenser in (i) proper operation of permissive, prohibit,
sufficient quantitles to condense the steam and bypass functions;
exhausted from the main turbmc under all
expected operating conditions. (j) proper operation of frecre protection

devices,if applicable;
(2) Prerequisites

(k) proper system operation while powered
The construction tests have been successfully from primary and alternate sources,
completed and the SCG has reviewed the test including transfers, and in degraded modes
procedure and has approved the initiation of for which the system is expected to remain
testing. The main condenser, ultimate neat operational; and
sink, apptopriate electrical power source (s) and
other required interfacing systems shall be (1) acceptability of pump / motor vibration
available, as needed, to support the specified levels and system piping movements during
testing. both transient and steady state operation.

(3) General Ter,t Methods and Acceptance Criteria System operation is considered acceptable when
the observed / casured performance characteristics,

| Performance shall be observed and recorded from the testing described above, meet the
during a series of individual component and applicable design specifications.110 wever, due to
integrated system tests to demonstrate the the lack of significant heat loads during the
following: preoperational test phase, condenser and ultimate

heat sink performance evaluation will be performed
(a) proper operation ofinstrumentation and during the startup phase with the turbine-generator

equipment in all combinations of logic and on line.
instrument channel trip;

14.2.12.1.61 Reactor Service Water System 3
(b) proper functioning ofinstrumentation and Preoperational Test W

alarms used to monitor system operation
and availability; (1) Purpose

(c) proper operation of system valves, To verify proper operation of the reactor
including timing, under expected operating senice water (RSW) system and its ability to
conditions; supply design quantities of cooling water to the

RCW system heat exchangers.
(d) proper operation of pumps and motors in

all design operating modes; (2) Prerequisites
'

(e) acceptable pump NPSil under the most The construction tests have been successfully
limiting design flow conditions; comp!cted and the SCG has reviewed the test

procedure and has approved the initiation of
(f) proper system flow paths and flow rates testing. Primary and backup electrical power,

including pump capacity and discharge the RCW system (including heat exchangers),
head; instrument air, and other required interfacing

i systems shall be available, as needed, to
| (g) proper pump motor start sequence and support the specified testing.

margin to actuation of protective devices;
(3) General Test Methods and Acceptance Criteria

(h) proper operation of interlocks and

during a series of individual component and |
equipment protective devices in pump and Performance shall be observed and recorded
vake controls;

integrated system tests to demonstrate the
following:

Amendment 21 14.2 44.5
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c (a) proper operation ofinstrumentation and preoperational test phase, it is likely that heat
( equipment in all combinations of legic and exchanger performance verification will be delayed

instrument channel trip; until the startup phase.

(b) proper functioning of instrumentation and 14.2.12.1.62 Turbine llullding Cooling Water
alarms used to monitor system operation Sy tem PreoperationalTest
and availability;

(1) Purpose
(c) proper operation of system valves,

including timing, under expected operating To verify proper operation of the turbine
conditions; building cooling water (TCW) system and its

ability to supply design quantities of cooling
(d) proper operation of pump and motorsin water, at the specified temperatures, to

all design operating modes; designated plant loads.

(c) acceptable pump NPSil under the most (2) Prerequisites
limiting design Dow conditions;

The construction tests have been successfully
(f) proper system flow paths and flow rates completed and the SCG has reviewed the test

including pump capacity and discharge procedure and has approved the initiation of testing.
head; Primary and backup power, turbine service water

(TSW), instrument alt, and other required
(g) proper pump motor start sequence and supporting systems shall be available, as needed, for

margin to actuation of protective devices; the specified testing configurations. The cooled
components should be operational and operating to

(h) proper operation of interlocks and the extent possible during heat exchanger
Q equipment protective devices in pump, performance evaluation.
V motor and valve controls;

(3) GeneralTest Methods and Acceptance Criteria
(i) proper operation of permissive, prohibit,

during a series ofindividual component and |
and bypass functions; Performance shall be observed and recorded

(j) proper operation of freeze protection integrated system tests to demonstrate the
devices,if applicable; following:

(k) proper system operation while powered (a) proper operation ofinstrumentation and
| from primary and alternate sources, equipment in all combinations of logic and

including transfers, and in degraded modes instrument channel trip;
for which the system is expected to remain
operational; and (b) proper functioning ofinstrumentation and

alarms used to monitor system operation
(1) acceptability of pump / motor vibration and availability;

levels and system piping movements during (c) proper operation of system valves,
both transient and steady state operation. including timing, under expected operating

conditions;
System operation is considered acceptable when

the observed / measured performance characteristics, (d) proper operation of pumps and motors in
from the testing described above, meet the all design operating modes;
applicabic design specifications The heat
exchangers which serve as the interface with the -(c) acceptable pump NPSil under the most,

i RCW system are considered part of that system and limiting design flow conditions;
i will be tested as such. }{owever, due to the

O probability of insufficient heat loads during the
J\

Amendment 21 14.2 M.6
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(f) proper system and component flow paths, procedure and has approved the initiation of testing.

"; flow rates, and picssure drops, including Primary and backup electrical power, TCW system
pump capacity and discharge head; heat exchangers, instrument air, and other required |

interfacing systems shall be available, as needed, to'

(g) proper pump motor start sequence and - support the specified testing.4

margin to actuation of protective devices;
2 (3) General Test Methods and Acceptance Criteria
; (h) proper operation of interlocks and

during a series of individual component and |Performance shall be observed and recorded; equipment protective devices in pump and

} valve controls;
1 integrated system tests to demonstrate the
"

(i) proper operation of permissive, prohibit, following:
and bypass functions;

: (a) proper operation ofinstrumentation and |

(j) proper system operation while powered equipment in all combinations of kig!c and
; from primary and alternate sources, instrument channel trip;
: Including transfers, and in degraded modes

| for which the system is expected to remain (b) proper functioning ofinstrumentation and
; - operational; alarms used to monitor system operation !

and availability;,

} (k) acceptability of pump / motor vibration
levels and system piping movements during (c) proper operation of system valves,
both transient and steady state operation; - including timing, under expected operating;

! ccaditions;
j (1) proper operation of system surge tanks

and chemical addition tanks and their (d) proper operation of pumps and motors in'
,

associated functions; and all design operating modes;

(m) acceptable performance of TCW system (e) acceptable pu'mp NPSH under the most*

heat exchangers, to the extent practical. limiting design flow conditions;

System operation is considered acceptable when (f) proper system flow paths and flow rates
.

the ol served / measured performance characteristics, including pump capacity and discharge
' from the testing described above, meet the- head;

applicable design specifications. Due to the*

possibility of insufficient heat loads during the preop (g) proper pump motor start sequence and
phase, the final system flow balancing and heat margin to actuation of protective devices;
exchanger performance evaluation may have to be
performed during the startup phase. (h) proper operation of interlocks and

equipment protective devices in pump and
valve controts;-

14.2.12.1.63 Turbine Service Water System
Prvoperational Test (i) proper operation of permissive, prohibit, -

(1) Purpose and bypass functions;

- To verify the ability of the turbine r.crvice water (j) ' proper operation of frcere protection
(TSW) system to supply desigu quantitles of - devices,if applicable;
cooling water to the TCW heat exchangers.

(k) proper system operation while powered-
(2) Prerequisites from primary and alternate sources,

including transfers, and in degraded modes
The construction tests have been successfully for which the system is expected to remain
comnleted and the SCO has reviewed the test operational; and gi

Amendment 2t 14.2-443
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q (1) acceptability of pump / motor vibration valves in normal control, trip and test
b levels and system piping movcments during modes (including timing);

both transient and steady state operation.
(d) proper operation of valve auxiliaries such

System operation is considered acceptable when as hydraulic fluid systems, including pumps
the observed / measured performance characteristics, and accumulators, and power supplies; and
from the testing described above, meet the
applicable design specifications. The heat (c) proper interface with (i.e. response and
exchangers which serve as the interface with the feedback to) the steam bypass and
TBCWS are considered part of that system and will pressure control system.
be tested as such. liowever, due to the probability of
insufficient heat loads during the preoperational test Operation is considered acceptable when the
phase, it is likely that heat exchanger performance observed / measured performance characteristics
verification will be delayed until the startup phase, meet the applicable design specifications.

14.2.12.1.64 Maln Turbine Control Systrm 14.2.12.1.65 Main Turbine flypass System
Peroperational Test Preoperatbnal Test

(1) Purpose (1) Purpose

To verify proper operation of the turbine To verify proper operation of the turbine
control system which includes the turbine stop bypass system which includes the main turbine
valves, control valves, intermediate stop and bypass valves and their associated actuators and
intercept valves, and their associated actuators hydraulic control.
and hydraulic control.

(2) Prerequisites
O (2) Prerequisites
O The construction tests have been successfully

The construction tests have been successfully completed and the SCG has reviewed the test
completed and the SCO has reviewed the test procedure and has approved the initiation of
procedure and has approved the initiation of testing. The steam bypass and pressure control
testing. The steam bypass and pressure control system shall be operational and other required
system shall be operational and other required interfacing system shall be availeble, as needed,
interfacing systems shall be available, as to support the specified testing.

. needed, to support the specified testing.
I (3) General Test Methods and Acceptance Criteria

(3) General Test Methods and Acceptance Criteria

l | Performance shall be observed and recorded during a series of component and system tests
during a series of component and system tests to demonstrate the following:
to demonstrate the following:

(a) proper functioning ofinstrumentation and
(. (a) proper functioning ofinstrumentation and equipment in all combinations of logie and
'

equipment in all combinations of logic and instrument channel trip;
instrument channel trip;

(b) proper operation ofinstrumentation and
(b) proper operation of instrumentation and alarms used to monitor systern operation

alarms used to monitor system operation and status;
and status;

| (c) proper operation of main turbi a bypass
| (c) proper operation of main stop and control valves in normal control, trip and test

vahts and intermediate stop and intercept modes (including timing);

Amendment 21 14.2 44.8
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(d) proper operation of valve auxiliaries such Performance shall be observed and reu>rded
- as hydraulic fluid systems, including pumps during a series of individual component and
and accumulators, and power supplies; and integrated system test to demonstrate the

following:
(e) proper interface with (i.e. response and

feedback to) the steam bypass and (a) proper operation ofinstrumentation and
pressure control system, controls in all corabinations of logic and

instrument channel trip, including
Operation is considered acceptable when the verification of setpoints;

observed / measured performance characteristics
meet the applicable design specifications. (b) proper functioning ofinstrumentation and

alarms used to monitor system operation
11.2.12.1.66 Steamn Hypass and Pressure Control and availability;
System Preoperational Test

(c) proper operation of associated valves,
(1) Purpose including timing and stroke,in response to

control system demands;
To verify proper operatir a the "am bypass
and prt;ssure centroi m ,n (SBPCS) . (d) proper cperation of interlocks and

4

including, as appropriate, higher level control equipment protective devices;
of the turbine bypas's system, the turbine
control system, and the recire flow control (c) proper operation of permissive, prohibit,
system, and bypass functens;:

(2) Prerequisites (f) proper system operation while powered
from primary and alternate sources,

The construction tests have been successfully including transfers, and in degraded modes g
completed and the bCG has reviewed the test for which the system is expected to remain W
procedure and has approved the initiation of operational; and
testing. The preoperational tests have been
completed on the turbine bypass and control (g) proper communication and interface with
systems (including the EHC system) to extent . other equipment and control systems.
necessary to support integrated system testing
and all SBPCS components havr been initially System operation is considered acceptable when
calibrated in accordance wla vendor the observed / measured performance characteristics,
instructions. The required supporting systems from the testing described above, meet the
and equipment shall be available, as needed,- applicable design specifications
for the specified testing configurations.

14.2.12.1.67 Feedwater Heater and Drain System
(3) GeneralTest Methods and Acceptance Criteria Preoperational Test

The SBPCS is primarily an electronic control (1)
syse m. It' does not include any large. Purpose

_

mechanical equipment (i.e. turbine stop,
control and bypass valves) nor any associated : To verify proper operation of the feedwater
hydraulic actuators, but does provide for their heaters and their associated drains including
integrated control., System preoperatbaal heater level control capabilities,
testing will be limited to demonstrations
without (or with significantly reduced, from a (2) : Prerequisites
temporary source) turbine steam flow.
Comprehensive steam flow testing will be The construction tests have been successfully
conducted during the startup phase, completed and the SCG has reviewed the test

procedure and has approved the initiation of g-
Amendment 2t 14.244.9
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- testing. All required interfacing systems shall be (2) ' Prerequisites-

.

available, as needed, to support the specified testing.
*

'
' The construction tests have been successfully

.

(3) General Ten Method and Acceptance Criteria completed and the SCG has reviewed the test
procedure and has approved the initiation of

The feedwater heater and drain system includes testing. All required interfacing systems shall
4

the feedwater heaters, internal and external be available, as needed, to support the specified
drain coolers, normal and emergency dump testing.
valves, shell and tube side isolation valves, shcIl4

side vents and safety relief valves, and (3) GeneralTest Methods and Acceptance Criteria
associated instrumentation, control and logic.

Comprehensive testing of the extraction steam

| Performance shall be observed and recorded system will require the turbine generator to be
during a series of individual component and on line with a substantial amount of steam flow
integrated system tests to demonstrate the available. Since significant steam flow'

fo4 wing: - conditions are dependent on nuclear
heating,the preoperational phase testing that is

observed and recorded during a series of |
'

possible will be limited. Performance shall bc(a) proper operation ofinstrumentation and
equipment in all combinations of logic and
instrument channel trip; component and system tests to demonstrate the

following:
(b) proper functioning ofinstrumentation and

alarms used to monitor system operation (a) proper operation of instrurr. ntation and
and status; equipment in all combinations of logic and

instrument channel trip;
(c) proper operation of system valves andi

actuators under expected operating (b) proper functiening ofinstrumentation and,
conditions; alarms used to monitor system operation

,

and status;<

(d) proper operation of interlocks and

i
'

(c) proper operation of system valves underequipment protective devices;
expected operating conditions including

(c) proper operation of permissive, prohibit, response of air assisted nonreturn check
and bypass functions; and valves to a turbine trip signal;

.

(f) proper operation of heater level controls' (d) proper. operation of interlocks and
. including response of the associated equipment protective devices; and
i drain / dump vahrs.

(c) proper operation of permissive, prohibit,
! Operation is acceptable when the and bypaas functions.

.

observed / measured performance characteristics

| meet the applicable design specifications. Operatioa is acceptabie when the
observed / measured performance characteristics
meet 1 applicable design specifications.514.2.12.1.68 Extraction Steam System ,

,

Preoperational Test
14.2.12.1.69 Motsture Seperator/ Reheater System

(1)' Purpose - Preoperational Test
,

- To verify proper operation of the components (1) Purpose
which comprise the extraction steam system.

To verify proper operation of the turbine
moisture sperator/ reheaters (MSRs) and their

Amendment 21 14.2-44.10
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associated drain pathways, steam extraction lines, (f) proper operation of moisture seperator
and isolation and non return check valves, and reheater compartment drain pathways.

(2) Prerequi.ites Operation is acceptable when the
observed / measured performance characteristics

The construction tests have been successfully meet the applicable design specifications.
completed and the SCG has reviewed the test
procedure and has approved the initiation cf 14.2.12.1.70 Main Turbine and Auxiliaries
testing. All required interfacing systems shall Preoperational Test
bc available, as needed, to support the specified
testing. (1) Purpose

(3) General Test Methods and Acceptance Criteria To verify that the operation of the main turbine
and its auxiliarly systems, including the gland

The MSRs include both a moisture seperator scaling system, lube oil system, turning gear,
and reheater compartment each' with their supervisory instrumentation, and turbine
owndrains, shell and tube side isolation valves, protection system - (i n e1 u d i n g-
shell side vents and safety relief valves, and ~ overspeedprotection),is as specified. Testing-
associated instrumentation, control and logic, of the.tu-bine valves and associated control

systems is specified separately (cisewhere).
..archensive testing of the enractica steam
s w, will require the turbine generator to be (2) Prerequisites
.% vith a substantial amount of steam flow

ile, Since significant steam flow The construction tests have been successfully .
m? are dependent on nuclear heating, completed and the SCG has reviewed the test

s aperational phase testing that is possible procedure and has approved the initiation of,

, limited, testing. To the extent practicable, a temporary g.,

steam supply shall be available for driving the W
rerformance shall be observed and recorded turbine. The turbine instruction manual shall,
during a series of individual component and be reviewed in detailin order that precautions
integrated system tests ta demonsteate the relative to turbine operation are followed. ' All
following: required interfacing systems shall be available,

as needed, to support the specified testing and
(a) proper operation of instrumentation and the corresponding system configurations.

equipment in all combinations of logic and
instrument channel trip; (3) GeneralTest Methods and Acceptance Criteria

(b) proper functioning ofinstrumentation and Since preoperational testing is performed
alarms used to monitor system operation utilizing a temporary steam supply, the extent
and status; to which the turbine itself can be tested may be

limited. - Therefore, the testing effort at this
(c) proper operation of system valves and - stage will concentrate on assuring that the

actuators (including isolation and necessary turbine auxiliaries are functioning
non return check valves) under expected properly,
operating conditions;

__

(d) proper operation of interlocks and during a series _of individual component,
equipraent protective devices;. subsystem and integrated system tests (to the

extent possible) to demonstrate the following,
|- (c)- proper operation of permissive, prohibit, with regrads to both the turbine and its
'

and bypass functions; and auxiliaries:

L h
Amendment 21 14.2-44.11
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q (a) proper operation ofinstrumentation and generator exciter, stator, circuit breakers and

Q equipment in all combinations of logic and isophase bus duct, and the generator protection
instrument channel trip; system,is as specified.

(b) proper functioning ofinstrumentation and (2) Prerec,uisites
alarms used to monitor system operation
and availability, including the turbine The construction tests have been successfully
supervhoryinstrumentation; completed and the SCG has reviewed the test

procedure (s) and has approved the initiation of
(c) proper operation of system pumps and testing. To the extent practicable, and in

valves in all design operating modes; conjunction v,ith the turbine preoperational
testing, a temporary steam supply shall be

(d) proper system flow paths, flow rates and available for driving the turbine / generator,
pressures (particularly with regards to the The generator instruction manual shall be
tube oil and gland sealing steam systems); reviewed in detail ia order that precautions

relative to generator operation are followed.
(e) proper operation of interlocks and All required interfacing syst ms shall be

equipment protective devices in available, as needed, to support the
variousturbine, pump, and valve controls specifiedtesting and the corresponding system
(including the various primary and backup configurations.
turbine overspeed protection devices);

(3) General Test Methods and Acceptance Criteria
(f) proper operatien of permissive, prohibit,

and bypass functions; Since preoperational testing in part is
performed utilizing a temporary steam supply,

(g) proper operation while powered from both the extent to which the turbine, and therefore
O primary and alternate sources, including the generator, can be tested may be limited.
V transfers, and in degraded modes for Therefore, the lasting effort at this stage will

which the system, subsystem or component concentrate on assuring, that the necessary
is expected to remain operational; individual generator components and

auxiliaries are functioning properly.
(h) proper turbine alignment, including

acceptability of displacement and vibration Performance shall be observed and recorded \
levels,if possible, during both transient and during a series of individual component,
steady state operation; subsystem and integrated system tests (to the.

extent possible) to demonstrate the following,
System operation is considered acceptable when with regrads to both the generator and its

the observed / measured performance characteristics, auxiliaries:
from the testing described above, meet the
applicable design specifications (while accounting for (a) proper operation ofinstrumentation and
the testing limitations imposed), equipment in all combinations of logic and

instrument channel trip;
14.2.12.1.71 Main Generator and Auxiliary
Systems Preoperational Test (b) proper functioning of instomentation and

alarms used to monitor system operation
(1) Purpose and availability;

Ver4y that the operation of the main generator (c) proper operation of system pumps, valves,
and its auxiliarly systems, including the fans, and piping or ducting in all design
generator hydrogen system and its associated operating modes;
seal oil and coming systems, those subsystems
and/or components that provide cooling to the (d) proper system flow paths, flow rates and

/^) pressures (particularly with regards to the
%|
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generator hydrogen system and its associated during a series of indhidual component
seal oil and cooling systems); and integrated system tests to demonstrate &

the following: W
(c) proper operation of interlocks and equipment

protective devices in the various generator and (a) proper operation of instrumentation and
auxiliary system controls; equipment in all combinations of logic;

(f) proper operation of permissive, prohibit, and (b) proper functioning ofinstrumentation and
bypass functions; alarms used to monitor system operation

and availability;

(g) proper operation while powered from primary
and any alternate sources, including transferr, (c) proper operation of system valves,
and in degraded modes for which the system, including timing, under expected operating
subsystem or component is expected to remain conditions;

operational;
(d) proper system flow paths and flow rates

(h) proper generator alignment, including both into and out of the primary
acceptability of clearance and vibration levels,if containment;

possible, during both transient and steady state
operation; (c) proper operation of interlocks and

equipment protective devices in vahe and
System operation is considered acceptable when recombiner skid controls;

the observed / measured performance characteristics,
from the testing described above, meet the (f) proper operation of permistive, prohibit,
applicable design specifications (while accounting for and bypass functions; and
the testing limitations imnosed).

(g) proper system operation while powered
14.2.12.1.72 Flammability Control System from primary and alternate sources, g
Preoperational Test including transfers, and in degraded modes

for which the system is expected to remain
(1) Purpose operational.

To verify the ability of the flammability control System operation is considered acceptable when
system (FCS) to recombine hydrogen and the observed / measured performance characteristics,
oxygen and therefore maintain the specified from the testing described above, meet the
inert atmosphere in the primary containment applicable design specifications,
during long term post accident conditions.

14.2.12.1.73 Loose Parts Monitoring System
(2) Prerequisites Preoperational Test

The construction tests have been successfully (1) Purpose
completed and the SCG has reviewed the test
procedure and has approved the initiation of To verify proper functioning of loose parts
testing. The wetwell and drywell airspace monitoring equipment.

| regions of the primary containment shall be
intact, and all other required interfaces (2) Prerequisites
available, as needed, te support the specified
testing. The construction tests have been successfully

completed and the SCG has reviewed the test
(3) GeneralTest Methods and Acceptance Criteria procedure and has approved the initiation of

testing. Reactor internals shall be in place with

| Performance shall be observed and recorded all system sensors connected.

O
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(3) GeneralTest Methods and Acceptance Criteria simulated seismic event.

O.-.~ Performance shall be observed and recorded System operation is considered acceptable when the
during a series of system and component test to observed / measured performance characteristics
demonstrate the following: meet the applicable design specifications.

.

(a) proper operation of instrumentation and 14.2.12,1.75 Uquid and Solid Itadwuste Systems
alarms; and Pivoperatlor.al Tests

(b) the adequacy of alert level setpoints based (1) Purpose
on preliminary data.

To verify the proper operation of the various
System operation is considered acceptable when equipment and proecsses which make up the '

the observed / measured performance characteristic: liquid and sobs r&ste systems,
meet the applicable design specifications.

(2) Prerequisites
14.2.12.1.74 Seismic Monitoring System
PreoperationalTest The construction tests have been successfully

completed and the SCO has reviewed the test -
(1) Purpose procedure (s) and has approved the initiation of -

testing..There shall be access to appropriate |
To verify that the seismic monitoring system laboratory facilities and an acceptable effluent
will operate as designed in response to a ' discharge path shell be established. |
scismic ever.t. Additionally, an adequate supply of

demineralized water, the necessary electrical
(2) Prerequisites power, and other required interfacing systems

shall be available, as needed, to support the

O Ts e '< ciie < 6 v 6e cc r tir neciti a ti S.
completed and the SCG has reviewed the test
procedure and has approved the initiation of (3) General Test Methods and Acceptance Criteria

! testing. The required electrical power shall be
available and all system recording devices shall The testing described below consists of that of
have sufficient storage medium available, based the equipment and processes for the handling,
on the expected duration of the testing treating, storing, and preparation for the,

scheduled. disposal or discharge of liquid and solid
radwaste. Gaseous effluents are treated and

(3) GeneralTest Methods and Acceptance Criteria . released by the offgas system or the standby gas
treatment system, the testing of which is

| Performance shall be observed and recorded specifically described elsewhere.
during a series of tests, as recommended by the

' ~

manufacturer, to demonstrate the following: For the liquid and solid radwaste systems
.

performance shall be observed and recorded |
(a) proper calibration and response of seismic . during a series of individual component and -

instrumentation including verification of integrated system tests to demonstrate the
,

alarm and initiation setpoints; following: '

(b) proper operation of internal calibration or (a) proper operation of equipment controls
test features; and logic including prohibit and permissive

interlocks; .
(c) proper operation of recording and

playback devices; and (b) proper operation of equipment protective
features and automatic isolation functions

(d) proper integrated system response to a including those for ventilation systems and
liquid effluent pathways;

Amendment 21 14.2-44.14
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(c) proper functioning of instrumentation
and alarms used to monitor system g
operation and status;

(d) acceptable system and component flow
paths and flow rates including pump
capacities and tank volumes;

(c) proper operation of system pumps,
valves, and motors under expected
operating conditionst

(f) proper operation of phase separators and
waste evaporators;

(g) proper operation of concentrating,
solidifying, and packaging functions
including verification of the absence of
free liquids in packaged waste;

(b) proper operation of filter and
-

demineralizer units and their associated
support facilities;

(i) pra,ict functioning of drains and sumps
including those dedicated for handling-
of specific agents such as detergents;
and -

(i) proper calibration and operation of
radiation detectors and monitors.

System operation is considered acceptable
when the observed and measured performance 14.2.12.1.77 Ultimate lleat Sinti Preoperational
characteristics, from the testing described Test
above, meet the applicable design specifications

(1) Purpose
14.2.12.1.76 (Moved to 14.2.12.2.35)

To verify that the ultimate heat-sink is
capable of supplying design quantities of
make up and/or return water to the.

. circulating water system and the reactor
turbine service water systems.

(2) Prerequisites

The construction tests have been
successfully completed and the SCG has'-
reviewed the test procedure and has approved
the initiation of testing. The circulating
water system and the reactor and turbine

O.
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'

service water. systems shall be operational . component systems, and associated equipment.1 If
_

- and other required interfacing systems shall _ a criterion of this nature is not satisfied, the:-

be available, as needed, to support the plant _ will be placed in a suitable hold '
specified testing. condition until resolution is obtained. Tests 1

compatible with this hold condition may be -
- (3) General Test Methods and Acceptance Criteria continued. - Following resolution, applicable

_

tests may be repeated to verify that the re.

| Performance shall be observed and recorded- quirements of the criterion are ultimately
during a series of component and system tests satisfied. Other criteria may be associated
to demonstrate the following: with expectations relating to the performance of .

systems, if this type of criterion is not satis-
(a) proper operation of instrumentation and fled, operating and testing plans would not nec-

alarms used to monitor system operation essarily be altered. However, investigations of
and status; the measurements and of the analytical tech-

niques used for the predictions would be start. -
.

(b) proper operation of active cooling ed. Specific actions for dealing with criteria
devices,if applicable, such as forced ' failures and other testing exceptions or

|

etc.; and -
'

anamolles will be described in the startup ad-or natural draft towers, spray ponds,
ministrative manual.

. !

-(c) the adequacy of intake and discharge
structures, including screens or
strainers, or other interfaces with the
circulating water system, such as freeze
protection devices, as applicable.

Operation is acceptable _when the' observed /
;- measured performance characteristics meet the-

applicable design specifications.

14.2.12.2 General Discussion of Startup Tests
!

Those tests proposed and expected to comprise,

j the startup test phase are discussed in this sub-
section. For each test a general description is

_

provided for test purpose, test prerequis_ites,
| test description and test acceptance criteria,
'

where applicable.

'Since additions, deletions, and' changes to
these discussions are expected to occur as'the,

test program is developed and implemented, the
,

[ descriptions remain general in scope. In de-
| scribing a test however, an attempt-is made to -

identify those operating and safety-oriented
'cbaracteristics of the plant-which are being*

explored and evaluated,

j =Where applicable,' the relevant acceptance
'

criteria for the test are discussed. Some of the
criteria relat_c to the _value of process variables
assigned in the design or analysis of the plant,

L OL
s

'
Aisndment 21 14.244.16

|

. ._ .. _ . . . . . . _ _ _ . _ - _ . _ , _ . . _ _ . . _ . . _ _ _



ABWR 2mimm
Sutadard Plant nny A

q vity, with the analytically determined high- 'n he shutdown margin of the fully loaded,

V est worth rod pair fully withdrawn (a rod cold (680F), xenon free core occurring at
pair is defined as having a shared accumu- the most reactive time during the cycle must
lator). be at least that amount required by tech.

nical specifications with the analytically
14.2.12.2.4 Full Core Shutdown blargin strongest rod pair (or the reactivity equi-
Demonstration valent) fully withdrawn. If the shutdown

margin is determined at some time during the
(1) Purpose cycle other than the most reactive time,,

compliance with the above criterios is shown
To demonstrate that the reactor will be sub- by demonstrating that the shutdown margin is
critical throughout the first fuel cycle with the specified amount plus an exposure
the highest worth control rod pair (two CRDs dependent correction factor which adjusts
with a shared accumulator) fully withdrawn. for the difference in core reaetivity

between the most reactive time and the time
(2) Prercquisites at which the shutdown margin is demon-

strated. Additionally, criticality should
The following prerequisites will be met prior occur within the specified tolerance of the
to performing the full core shutdown marain predicted critical.
tests:

14.2.12.2.5 Control Rod Drive System
(a) the predicted critical rod position will Performance

be available;
(1) Purpose

(b) the Standby Liquid Control System will
| be available; To demonstrate that the control rods operate
| O properly over the full range of primary

\- > (c) nuclear instrumentation will be avail- coolant temperatures and pressures from
( able with the minimum neutron count rate arnbient to operating, in both the scram and
'

and signal to-noise ratio as specified fine motion control modes, in conjunction
by technical specifications; and with the rod control and information system

(RC&lS).
(d) high flux scram trips are set conserva-

tively low. (2) Prerequisites

(3) Description The preoperational tests have been completed
and plant management has reviewed the test

This test will be performed in the fully procedures and has approved the initiation
loaded core in the xenon free condition. The of testing. For each scheduled testing
shutdown margin test will be performed by iteration the plant shall be in the appro-
withdrawing the control rods from the all- priate operational configuration with the
rods in configuration until criticality is specified prerequisite testing complete.
reached. If the highest worth rod pair will The applicable instrumentation shall be
not be withdrawn in sequence, other rods may checked or calibrated as appropriate.
be withdrawn providing that the reactivity
worth is equivalent. The difference between (3) Description
the measured K rr and the calculated K rre e
for the insequence critical will be applied The control rod drive (CRD) testing per-
to the calculeted value to obtain the true formed during the heatup and power ascension
shutdown margin. phases of the startup test program is de-,

I signed as an extension of the testing per.
(4) Criteria formed during the preoperational phase.

Q)
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Thus, after it is verified that all CRDs revi:wed the test procedure (s) aed has
goperate properly when installed, tests are approved the initiation of testing. Por

performed periodically during heatup to each scheduled test iteration the plant
assure that there is no significsnt binding shall be in the appropriate operational
caused by thermal expansion of the core configuration with all specified
components and no significant effect on per- prerequisite testing complete. The
formance due to increased pressure, power or applicable instrumentation shall be checked
flow. Additionally, software functions such or calibrated as is appropriate,
as those associated with the RC&lS are tested
to the extent that they could not be checked (3) Description
during preoperational testing. Testing will
also be conducted to verify proper operation Testing of the neutron monitoring system
of the SCRRI logic and function. The part- will commence prior to fuel load and will
icular testing of the SCRRI function might be continue at intervals up to and including
conducted, at least in part, with the RIP rated power. The SRNMs and operational
trip test described in 14.2.12.2.30 where the sources will be tested during fuel loading
planned trip will automatically result in and during rod withdrawal on the approach to
SCRRI actuation, criticality and heatup to rated temperature

and pressure. The LPRMs, APRMs and TIPS
(4) Criteria will be tested as soon as sufficient fl ax

levels exist and at specified intervals
Each CRD shall have a measured scram time during the ascension to rated power. Test-
that is less than the technical specifi- ing will include response checks, calibra-
cations requirements and consistent with tions and verification of system software
safety analysis assumptions during both in- calculations using actual core flux levels
dividual rod pair and full core scrams, as and other live plant inputs.
applicable. Each CRD shall have a measured
insert / withdrawal speed consistent with spe- (4) Criteria $
cified design requirements including those

| associated with group or gang movement. The SRNMs, in conjunction with the installed
i Additionally, the CRDs shall meet friction neutron sources, shall have count rates and

test requirements and those for demonstra- signal-to noise ratios that meet technical
ting proper operation of rad deceleration specifications and/or design requirements,
devices. Also, all software functions or es applicable. The respective range func-
features shall perform as specified, tions of the SRNMs and APRMs shall provide

for overlapping neutron flux indication as
14.2.12.2.6 Neutron Monito-ing System required by plant technical specifications
Performance and the applicable design specifications.

The APRMs shall be calibrated against core
(1) Purpose thermal power by means of a heat balance.

The accuracy of this calibration shall be I
i To verify response, calibration and operation consistent with technical specifications.
| of startup range neutron monitors (SRNMs), When technical specifications are not appli-

local power range monitors (LPRMs), average cable the APRMs shall conservatively indi-
power range monitors (APRMs), traversing cate reactor power. The LPRMs shall be
in-core probes (TIPS), and other hardware and calibrated consistent with design calibra-
software of the neutron monitoring system tion and accuracy requirements. Addition-
during fuel loading, control rod withdrawal, ally, all system hardware and software shall
heatup and power ascension, function properly in response to actual core

flux levels.
(2) Prerequhites

The applicable preoperational phase testing
is complete and the plant management has h
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various plant control systems during actual (2) Prerequisites

O plant operating conditions.
V The applicable preoperational tests have

(2) Prerequisites been completed and plant management has
reviewed the test procedure (s) and has

The applicable preoperational tests have been approved the initiation of testing. For
completed and plant management has reviewed each scheduled testing iteration the plant
the testing procedure (s) and has approved the shall be in the appropriate operational
initiation of testing. For each scheduled configuration with all specified prerequi-
testing iteration the plant shall be in the site testing complete, especially on plant
appropriate operational configuration with systems to be used for collection or
all specified prerequisite testing complete. evaluation of pertinent data.

(3) Description (3) Description

During plant heatup and the ascension to rat- This test will collect data sufficient to
ed power the various NSSS and BOP process demonstrate that reactor and core perfor-
variables that are monitored by the PCS begin mance characteristics remain within design
to enter their respective ranges for normal limits and expectations for all operational
plant operation. During this time it will be conditions which the plant is normally ex-
verified that the PCS correctly receives, va- pected to encounter. Beginning with rod
lidates, processes, and displays the applic- withdrawal and continuing through initial
able plant information. Recording and play. criticality, plant heatup, and the ascension
back features will also be tested. Data ma- to rated power, pertinent data will be col-
nipulation and plant performance calculations lected at various rod patterns and power and
using actual plant inputs will be verified flow conditions sufficient to determine the
for accuracy, using independent calculations axial and radial core power distributions,
for comparison. Also, the ability of the PCS compliance with core thermal limits, and the
to interface correctly with other plant con- level of consistency with predicted core"

trol systems during operation will be reactivity and power versus flow characteris-
demonstrated. tics. Unusual plant conditions such as dur-

ing control rod sequence exchange or natural
(4) Criteria circulation will also be investigated, if

applicable.
The performance of the PCS shall be as speci.
ficd by the applicable design requirements. (4) Criteria
Additionally, plant performance calculations,
especially those used to demonstrate com- Technical specification and license condi-
pliance with core thermal limits, shall meet tion requirements involving core thermal
the accuracy requirements of the applicable limits, maximum power level, total core
plant safety analysis design assumptions. flow, and any observed reactivity anamolies

or core instabilities shall be met when
11.2.12.2.8 Core Performance applicable. Other observations shall meet |

predictions and expectations or else should
(1) Purpose be evaluated and explained accordingly.

To demonstrate that the various core and 14.2.12.2.9 Nuclear Boller Process Monitoring
reacto; performance characteristics such as
power versus flow, core power distributions, (1) Purpose
and those parameters used to demonstrate
compliance with core thermallimits and plant To verify proper operation of various nucle-
license conditions are in accordance with ar boiler process instrumention and to col-
design limits and expectations. lect pertinent data from such instrumenta-

L,/
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tion at various plant operahg conditions in is working as designed and the pipeing is

gorder to validate design assumptions and iden- free of obstructions that could constrain
tify any operational lir.itations that may free pipe movement caused by thermal
exist, expansion.

(2) Prerequisites (2) Prerequisites

The applicable preoperational testing has The preoperational tests have been completed
been completed and plant management has re- and plant management has reviewed the test
viewed the test procedure (s) and has approved procedures and has approved the initiation
the initiation of testing. For each sche- of testing. For each scheduled testing
duled testing iteration the plant shall be in iteration the plant shall be in the appro-
the appropriate operational configuration priate operational configwation with the
with all specified prerequisite testing specified prerequisite testing complete,
complete. The applicable instrumentation shall be

checked or calibrated as is appropriate.
(3) Description

(3) Description
During plant heatup and power ascension pert-
inent parameters such as reactor coolant tem. The thermal expansion tests consist of
perature, vessel dome pressure, vessel water measuring displacements and temperatures of
level, and core flow will be monitored at se- riping during various operating modes. The
lected intervals and plant conditions. This first power level used to verify expansion
data will be used to verify proper instrument shall be as low as practicable. Thermal
response to changing plant conditions and to movement and temperature measurements stall |
document the relationships amongst these pa- be recorded at at least the following test
rameters and with other important parameters points (following a suitable hold period to
such as reactor power, feedwater flow and assure steady state temperatures): g
steam flow. The data will also be used to
validate design assumptions such as those (a) during reactor pressure vessel heatup at
used in the calibration of vessel level or at least one intermediate temperature
core flow indication. Additionally, the data prior to reaching normal operating
will be used to help identify potential temperature, including an inspection of
operational condition limitations such as the piping and its suspension for
excessive coolant temperature stratification obstructions or inoperable supports; ,
in the vessel bottom head region.

(b) following reactor pressure vessel heat
(4) Criteria up to normal operating temperature;

The various nuclear boiler process instrumen- (c) following heatup of other piping systems
tation shall operate as designed in response to normal operating temperature (those
to changes in plant conditions. The observed systems whose heatup cycles differ from
process characteristics shall be conservative (2) above); and
relative to applicable safety analysis
assumptions and should be consistent with (d) on subsequent heatup/cooldown cycles, as
design expectations, specified, at the applicable operating

and shutdown temperatures, to measure
14.2.12.2.10 System Expansion possible shakedown effects.

(1) Purpose Thermal expansion shall be conducted on
plant systems of the following classifi-

The purpose of the thermal expansion test la cations:
to confirm that the pipe suspension syst::m

O
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(a) ASME Code Class 1,2, and 3 systems; the test procedure (s) and has approved the
,

initiation of testing. For each scheduled
.

(b) high energy piping systems inside test iteration the_ plant shall be in the ap.
Seismic Category I structures; propriste operational configuration with all

specified prerequisite testing complete.;
.

_

The required remote monitoring instrumen-; (c) high energy portions of systems whose
~

failure could reduce the functioning of tation shall be calibrated and operational. I

any Seismic Category I plant features to *

an unacceptable level; and (3) Description
i

(d) Seismic Category I portions of moderate Vibration testing during the power ascension
energy piping systems located outside phase will be limited to those systems that
containment, could not be adequately tested during the

preoperational phase. _ Systems within the-
(4) Criteria _ scope of this testing are therefore the same

as mentioned in Subsection 14.2.12.1.51.
The thermal expansion acceptance criteria are However, the systems that remain to be
based upon the actual movements being within tested will primarily be those exposed to-

,

a prescribed tclerance of the movements pre- and affected by steam flow and high rates of -
dicted by analysis. Measured movements are core flow. Due to the potentially high le.
not expected to precisely correspond with - vels of radiation present during power
those mathematically predicted. Therefore, a operation, the testing will be performed

' - tolerance is specified for differences bet- using remote monitoring instrumentation.
ween measured and predicted movement. The - Displacement, acceleration, and strain data
tolerances are based on consideration of will be collected at various cr' ical steady
measurement accuracy, suspension free play, state operating conditions and outing signi-

i -and piping temperature distributions. If the ficant transients such as turbine or genera.

O - < a -eve- i de ei v <<e- the er - ier irie. - i i -ii i>ei tie . sav i-

dictions by more than the speciiled tole- untien and RIP trip (if not already per-
rance, the piping is expanding in a manner formed). Steady state and transient vibra-
consistent with predictions and is therefore tion affecting the RCIC steamline will also
acceptable. Tolerances should be the same be monitored.
for all operating test conditions. The loca'-

| tions to be monitored and the predicted dis- (4) . Criteria
placements for the monitored locations in
each plant will be provided by the applicable Criteria will be calculated for those points
design or testing specification, monitored for vibration for both steady

I ' state and transient cases. Two levels of
14.2.12.2.11 System Vibration criteria will be generated,~one level for,

predicted vibration and one level based on
(1) Purpose acceptable values of displacement and accel-

eration and the associated stress to assure
To verify that the vibration of critical that there will be no failures from fatigue
plant system components and piping is within over the life of the plant. Failures to
acceptable limits during normal steady state - remain within the predicted levels of vibra-
power operation and during expected tion should be investigated but do not neces.

. operational transients, sarily preclude the continuation of further
testing. ~ However, failureito meet the

(2) Prerequisites _ criteria based on stress limits will require
.

.

. immediate investigation and resolution while -
The applicable preoperational phase testing the plant or affected system is placed in a
is complete and plant management has reviewed safe condition.

*O
'
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14.2.12.2.12 Reactor Internals Vibration 14.2.12.2.13 Recirculation Flow Control

(1) Purpose (1) Purpose

To collect information needed to verify the To demonstrate that the stability and
adequacy of the design, manufacture, and response characteristics of the recircul-
assembly of reactor vessel internals with ation flow control system are in accordance
respect to the potential affects of flow with design requirements for all applicable
induced vibration, modes of control across the span of expected

operational conditions.
(2) Prerequisite

(2) Prerequisites
The applicable preoperational phase testing
is complete, including the required inspec- The preoperational tests have been completed
tions, and plant management has reviewed the and plant management has reviewed the test
test procedure and has approved the initia- procedure and has approved the initiation of
tion of testing. For each scheduled testing testing. For each scheduled testing itera-
iteration the plant shall be in the appro. tion the plant shall be in the appropriate
priate operational configuration with all operational configuration with all specified
specified prerequisite testing complete. The prerequisite testing complete. This in-
necessary special instrumentation shall be cludes preliminary adjustment and optimiza-
calibrated and operational, tion of control system components,- as appro-

priate.
(3) Description

(3) Description
Reactor internal vibration testing subse-
quent to fuel loading is merely an extension Startup phase testing of the recirculation
of the program described during the preope- flow control system is intended to demon- hrational phase in Subsection 14.2.12.1.52. strate that the overall response and stabil-
The vibration measurement portion of that ity of the system meets design requiren., . .

| program is expanded during the power subsequent to controllct optimization. Per-
ascension phase to include intermediate and formance shall be demonstrated at a suffi- f
critical power and flow conditions during cient number of power and flow points to
steady state operation and anticipated bound the expected system operational cond-
operational transients that are expected to itions including applicable modes of control
result in limiting or significant levels of (speed, flow and automatic load following)
reactor internals vibration over and above for each such demonstration. Testing will
what was observed during the preoperational be accomplished by manual manipulation of
phase. The extent to which reactor internals controllers and/or by direct input of demana
vibration testing is conducted during the changes at various levels of control,
power ascension phase is dependent on the Special control features such as those used
classification of the reactor internals as to maintain a specified margin to the high
prototype or not in accordance with flux scram setpoint or.to avoid regions of
Regulatory Guide 1.20 as discussed in potential core instability should also be
Subsections 3.9.2.4 and 3.9.7.1. demonstrated as appropriate.

(4)_ Criteria (4) Criteria

Criteria for limits on reactor internals Above all else, system performance shall be
vibration levels are developed during th; stable such that any type of div:rgent i
vibration analysis portion of the assessment response is avoided. The response should a

program as described in Subsection also be sufficiently fast but with any
14.2.12.1.52. oscillatory modes of response well damped,

usually with decay ratios less than .25.

Amendment 21 14.2-52
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The overall response of the system, at all levels
~h(d of control, should be within design requirements

with respect to such standard control system
criteria as response time,

A
)

"\
(O |

|
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nonlinearities or dissimilarities in system |
rise time, overshoot, and settling time.

]v Also, the overall system performance should response at various conditions shall also be
be in accordance with expectations for demonstrated. The above testing will also
anticipated transients, serve to demonstrate overall core stability

to subcooling changes.
14.2.12.2.14 Feedwater Control

(4) Criteria
(1) Purpose

Above all else the feedwater control system
To demonstrate that the stability and performance shall be stable such that any
response characteristics of the feedwater type of divergent response is avoided. The
control system are in accordance with design response should be sufficiently fast but
requirements for applicable system configura- with any oscillatory modes of response well
tjocA and opCratiGaal conditions. dampCd, usuRIly With dCCay ratios less than

0.25. Additionally, the open loop response
(2) Prerequisites of the system should meet design require-

ments with respect to such standard control
The preoperational tests are complete and system criteria as response time, rise time,
plant management has reviewed the test overshoot, and settling time. Also, the
procedure and has approved the initiation of overall system response should be as expect-
testing. For each scheduled testing ed following major plant transients and
iteration the plant shall be in the trips,
appropriate operational configuration with
all specified prerequisite testing complete. 14.2.12.2.15 Pressure Control
This includes preliminary adjustments and
optimiration of control system components, as (1) Purpose
appropriate.

I1 To demonstrate that the stability andV (3) Description response characteristics of the pressure
regulation system are in accordance with the

Startup phase testing of the feedwater design requirements for all modes of control
control system is intended to demonstrate under expected operating conditions,
that the overall response and stability of
the system meets design requirements sub- (2) Prerequisites

ll i i ise ,uent to contro er opt m zat on. Testing
w il begin during plant heatup for any The preoperational tests have been completedt

special configuiations designed for very low and plant management has reviewed the test
feedwater or condensate flow rates and will procedure and has approved the initiation of
continue up throng:. the normal full power testing. For each scheduled testing itera-
Hnc up. Testing shall include all modes of tion the plant shall be in the appropriate

. trol and shall encompass the spectrum of operational configuration with all specified
. ant power levels and operational condi- prerequisite testing complete. This in-

tions. Testing will be accomplished by man- cludes preliminsry adjustment and optimiza-
ual manipulation of controllers and/or by tion of control system components, as appro-
direct input of demand changes at various priate.
levels of control. System response shall
also be evaluated under transient operation- (3) Description
al conditions such as an unexpected loss of a
feedwater pump or a rapid reduction in core Startup phase testing of the pressure cc,n-
flow and/or power level and after plant trips trol system is intended to demonstrate that
such as turbine trip or main steam line the overall response and stability of the
isolation. Proper setup of control system system meets design requirements, subsequent i

,73 components or features designed to handle the to control system optimization. Performance
! N)

|
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shall be evaluated across the spectrum of the testing procedure and has approved the
anticipated steam flows for both the pressure initiation of testing. Affected systems and g
regulation and load following modes of equipment, including lower level control

| control, as applicable. Testing shall systems such as RC&lS, recire flow control,
demonstrate acceptable response with either feedwater control and turbine control, as
the turbine control valves or bypass valves well as monitoring and predicting functions
in centrol and for the transition between the of the plant process computer and/or auto-
two. Testing will be accomplished by manual mation computer, shall have been adequately
manipulation of controllers and/or direct tested under actual operating conditions,
input of demand changes at various levels of

| control it shall also be demonstrated that (3) Description
other affected parameters remain within
acceptable limits during such pressure regu. A comprehensive series of tests will be per-
lator induced transient maneuvers. Overall formed in order to demonstrate proper func-
system response will be evaluated during tioning of the various plant automation and
other plant transients as well. Addition- control features. This testing shall in-
ally, proper setup of components or features clude or bound all expected plant operat.
designed to deal with the nonlinearities or ing conditions under all permissable modes
dissimilarities in system response that may of control and shall also verify, to the

| exist under various conditions shall be extent possible, avoidance of prohibited or
,

demonstrated, undesirable conditions or control modes.
ALF capabilities will be demonstrated under

(4) Criteria control of the APR for both control rod
movements and core flow changes including

Above all else, system performance shall be anticipated transition regions. Such
stable such that any type of divergent re. Msting will include demonstratien(s) that
onse is avoided. The response should be . dynamic response of the plant to design
rufficiently fast but with any oscillatory Ir d swings for the facility, including g
modes of response well damped, usually with 1 aiting step and ramp changes as appro-.

decay ratios less than .25. The overall priate, is in accordance with design. The
response of the system, for each mode and ability of the PGCS to properly orchestrate
level of control, should be within design automated plant startup, shutdown and power
requirements for such standard control system maneuvering will be shown. Also to be
criteria as response time, rise time, over- tested are system components or interfaces
shoot and setting time. Also, the overall that perform monitoring, prediction,
system performance should be in accordance processing, validation, alarm, protection or
with expectations for anticipated transients. control functions.

14.2.12.2.16 Plant Automation and Control (4) Criteria

(1) Purpose The PGCS, APR and other features and func-
tions of plant automation and control shall

To verify proper plant performance in auto- perform in accordance with the arplicable
matic modes of control such as during auto- design and testing specifications. Auto-
matic plant startup or automatic load fol- matic maneuvering characteristics of plant
lowing (ALF) under the direction of the power and systems shall meet the appropriate re-
generation control system (PGCS) and the sponse and stability requirements. Safety
automatic power regulator (APR), and protection features shall perform con-

sistant with safety analysis assumptions and
(2) Prerequisites predictions.

The applicable preoperational tests have been
completed and plant management has reviewed

O
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14.2.12.2.17 Reactor Recirculation System
! T Performance
J

(1) Purpose

To verify that reactor recirculation system
performance characteristics are in accor.

\

.)

'i|O
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dance with design requirements. (2) Prerequisites
O
U (2) Prerequisites The preoperational testing is complete and

plant management has reviewed the test
The preoperational testing is complete and procedure and has approved the initiation of
plant management has reviewed the test pro- testing. For each scheduled testing itera-
cedure and has approved the initiation of tion the plant shall be in the appropriate
testing. For each scheduled testing itera- operational configuration with all specified
tion the plant shall be in the appropriate prerequisite testing complete. Applicable
operational configuration with all specified instrumentation has been checked or
nrererluitite testing complete. Instrumenta- calibrated as is appropriate.
tion has been checked or calibrated, as is
appropriate. (3) Description

(3) Description Pertinent parat eters will be monitored
throughout the feedwater system, and con.

Pertinent recirculation system and related densate system if appropriate, across the
parameters will be monitored at a variety of spectrum of system flow and plant operating
power and flow conditions in order to demon- conditions in order to demonstrate that sys-
strate that system operation is in accordance tem operation is in accordance with design.
with design. Parameters to be monitored snd Parameters to be monitored may include tem-
evaluated should include RIP speeds, pump peratures, pressures, flow rates, pressure
deck and core plate differential pressures, drops, pump speeds and developed heads, and
pump efficiencies, maximum core flow capabil- general equipment status. Of special inte-
ity, and any number of other variables that rest will be data that serves to verify de.

I may indicate the status of the RIPS and their sign assumptions used in plant transient
shafts, motors, or hea^. exchangers. Data performance and safety analysis calculations

| O' a ii ise se i te a ev i tea aeri a tt e- iitem im mreeawter eieestiitie-
sient conditions such as pump trips and re- and feedwater temperature versus power !cvel
starts, and during off normal conditions such relationships. Steady state and transient
as one pump out of service operation. Of par- testing will be conducted as necessary, to

| | ticular interest will be tl:e onset of re- assure that adequate margins exist between
verse flow through idle pumps and the cali- system variables and setpoints of

( bration of total core flow indictions during instruments monitoring these variables to
both normal and off normal operating prevent spurious actuations or loss of
conditions, system pumps and motor operated valves.

(4) Criteria (4) Criteria

When applicable, measured parameters shall When applicable, measured parameters shall
compare conservatively with safety analysis compare conservatively with safety analysis

*design assumptions. Additionally, test data design assumptions. Additionally, test data
should demonstrate that system steady state should demonstrate that system steady state

,

I and transient performance meets design re- and transient performance meets design
quirements, requirements.

14.2.12.2.18 Feedwater System Performance 14.2.12.2.19 Maln Steam System Performance

(1) Purpose (1) Purpose

To verify that the overall feedwater system To verify that main steam system related

|
operates in accordacee with design require- performance characteristics are in accord-

q ments. ance with design requirements.

1 G
l
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(2) Prerequisites h
Yhe preoperational tests are cornplete and
plant management has reviewed the test pro-i

cedure and has , proved the initiation of

O

.

O
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testing. For each scheduled testing itera- (3) Description
O tion the plant shall be in the appropriateO operational configuration with all pretcqui. Startup phase testing of the RllR system is

site testing complete. Applicable instrumen- intended to demonstrate the capabilities of
tation snail be checked or calibrated as is the system beyond what was possible during
appropriate, the preoperational phase due to insufficient

temperature and pressure conditions. Pert-
(3) Description inent system parameters will be monitored in

the suppression pool cooling and shutdown
Pertinent system parameters, such as tempera- cooling modes to verify that overall system
tures, pressures, and flows, will be moni- operation and heat removal capabilities are
tored at various steam flow rates in order to in accordance with design requirements. An
demonstrate that sy tem operation is in ac- attempt shall be made to obtain results with |
cordance with design. The steam flow . :asur- flow rates and temperatures near process
ing devices that provide input to fecowater diagram values. However, due to the

| control and/or leak detection logic shall be relatively low core exposures and decay heat
crosschecked to verify the accuracy of design loads expected during the startup program,
calibration assumptions, if appropriate, the care shall be taken such that the limit on |
pressure drop developed across critical compo- vessel cooldown rate is not exceeded.

| nents shall be corapared with design values.
The quality of the steam leaving the reactor (4) Criteria

j shall also be deterrnined to be within design
requirements (if not previously tested). System performance, especially heat removal

capability, shall meet safety analysis re-
(4) Criteria quirements. Additionally, measured para-

meters should indicate that overall system
When applicable, measured parameters shall performance is consistent with decign expec-

g"'a compare conservatively with safety analysis tations.
design assumptions. Additionally, test data
should demonstrate that system steady state 14.2.12.2.21 Reactor Water Cleanup System
and transient performance meets design Performance
requirements.

(1) Purpose
14.2.12.2.20 Residual lleat Removal System
Performance To verify that reactor water cleanup system

performance, in all modes of operation, is
(1) Purpose in acmhnee with design requirements at

rated reactor temperature and pressure cond.
To verify that residual heet removal system itions,
performance is in accordance with design for
actual plant operating coaditions. (2) Prerequisites

(2) Prerequisites The preoperational testing is complete and
plant management has reviewed the test pro-

The preoperational testing is complete and cedure and has approved the initiation of
plant management has reviewed the test pro. testing. For each scheduled testing itera-
cedure and has approved the initiation of tion the plant shall be in the appropriate
testing. For each scheduled testing iter- operational configuration with the specified
ation the plant shall be in the appropriate prerequisite testing, complete. Instrumenta-
operational configuration with all specified tion has been checked or calibrated as
prerequisite testing complete. Instrumenta- appropriate,
tion has been checked or calibrated as

o appropriate. (3) Description

U
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Startup phase testing of the RWCU system is simulate reactor pressure and the expected

(d_)
an extension of the preoperational tests foi pipeline pressure drop. This testing is
rated temperature and pressure conditians, done to demonstrate general system'

System parameters will be monitored in the operability and to make most cantroller
various modes of oporation at critical adjustments. Reactor vessel injection tests
temperature, pressure and flow conditions, will follow to complete the controller

adjustments. Proper controller adjustment
The performance of system heat exchangers and is verified by introducing small step
filter /demineralizer units will be evaluated di3turbances in speed and flow demand and
at hot operating conditions. The ability of then demonstrating satisfactory system
the system to reject excess vessel invento.ry response and stability. This will be done
during plant heatup will be verified. Other at both low RCIC pump flow (but above

| system features shall be demonstrated as minimum turbine speed) and near rated RCIC
appropriste, pump flow conditions, and at reactor

pressures of 150 psig and rated, in order to
(4) Criteria span the RCIC operating range.

System perforenance should meet the specified After all controller and system adjustments
design requirements in all operating modes. have been made a defined set of demonstra-

tions will be performed with the final set-
14.2.12.2.22 RCIC System Performar.ce tings. This will include two consecutive

successful reactor vessel injections, by
(1) Purpose automatic initiation from the cold standby

condition, to demonstrate system reliabil-
To verify proper operation of the RCIC sys- ity. Cold is defined as a minimum of 72
tem over its expected operating pressure and hours without any kind of RCIC ope:ation.
flow ranges, and to demonstrate reliability Following these tests, system data will be,_

f in ammatic starting from cold standby with collected while operating in the full flow
the reactor at power, test mode to provide a benchmark for compar-

ison with future surveillance tests. Addi-
(2) Prerequisites tionally, a demonstration of extended oper-

ation of up to two hours (or until the pump
The preoperational tests are complete and and turbine and their auxiliaries have sta-
plant management has reviewed the test bilized) of continuous operation at rated
procedure and has approved the initiation of flow conditions will be performed. For all
testing. For each scheduled testing itera- testing propet operation of the system and
tion the plant shall be in the appropriate related auxiliaries will be evaluated.
operational configuration with all specified
prerequisite testing complete. All appli- Additionally, proper functioning of the RCIC
cable instrumentation shall be checked or steamline isolation valves will be verified
calibrsted as is appropriate, at rated temperature and pressure and at

higher power levels if ::ppropriate. This
(3) Description verification will incluue 5, roper valve

operation and acceptable closure timing in
The RCIC system will be tested in two ways, response to an isolation signal. Also,
through a full flow test line leading to the sufficient operating data will be taken in
suppression poo! and by flow injection order to verify proper setting of, or to
directly into the reactor vessel. The first adjust as necessary, the high RCIC steamline
set of tests will cordst of manual and auto- flow trip setting of the leak detection and
matic mode starts and steady state operation, isolation system trip logic,
at 150 psig and near rated reactor pressure
conditions, in the full flow test mode. Also, any RCIC system testing that was not

<m During these tests an attempt will be made to performed during the preoperational test
V throttle pump discharge pressure in order to phase, due te the insuffn.iency of the
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temporay steam supply source utilized, will
be completed as early in the program as is g
practicable.

(4) Criteria

The RCIC turbine si.all not trip or isolate
during the manual or automatic start tests
and should rvoid the applicable trip or iso-
lation setpoints by the specified margins.
For automatic initiations the time to rated
flow she' neet technical specification and
safety anewsis requirements. Overall sys-
tem operar.on, and that of the applicable
auxiliary ',quipment, shall meet safety de-
sign requirements and should be consistent
with performance expectations. The RCIC
control system shall not evidence divergent

O

O
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tendencies and should provide quick but 14.2.12.2.24 IIVAC System Performance
_() stable response.

(1) Purposev

14.2.12.2.23 Plant Cooling / Service Water
System (s) Performance To verify various HVAC systems performance

for the loads present during reactor power
(1) Purpose operation.

To verify performance of the various plant (2) Prerequisites
cooling / service water systems, including the
reactor building cooling water system, the The preoperational tests are complete and
reactor scryice water system, the turbine plant management has reviewed the test pro-
building cooling water system and the turbine cedure(s) and has approved the initiation of
service water system under expected reactor testing. For each scheduled testing itera-
power operation load conditions. tion, the plant shall be in the appropriate

operational configuration with the specified
(2) Prerequisites prerequisite testing complete. All

applicable instrumentation shall be checked
The preoperational tests are complete and or calibrated as is appropriate.
plant management has reviewed the test
procedure and has approved the initiation of (3) Description
testing. For each scheduled testing itera-
tion, the plant shall be in the appropriate Power ascension phase testing of plant HVAC
operational configuration with the specified systems is necessary only to the extent that
prerequisite testing complete. All appli- fully loaded conditions could not be app-
cable instrumentation shall be checked or roached during the preoperational phase,
calibrated as is appropriate. P. !nent parameters shall be monitored in |g

ig order to provide a final verification of
(3) Description proper system flow balancing and cooler

performance under near design or special
Power ascension phase testing of plant situation conditions, as is appropriate.
cooling water systems is necessary only to This will include extrapolation of results
the extent that fully loaded conditions could obtained under normal or test conditions as
not be approached during the preoperational needed to demonstrate required performance

[ phase. Pertinent parameters shall be moni- at limiting or accident conditions.
tored in order to provide a final verifica.
tion of proper system flow balancing and heat (4) Criteria
exchanger performance under near design or
special conditions, as is appropriate. This System performance should be consistent with
will include extrapolation of results design requirements. For systems that are
obtained under normal or test conditions as taken credit for in the plant safety
needed to demonstrate required performance at analysis, performance shall meet the minimum
limiting or accident conditions. requirements assumed in such analysis.

(4) Criteria 14.2.12.2.25 Turbine Valve Performance

System perforn ance should L consistent with (1) Purpose
design requirements. For systems that are
taken credit for in the plant safety analy- To demonstrate proper functioning of the
sis, performance shall meet the minimum main turbine control. stop, and bypass
requirements assumed in such analysis. valves during reactor power operation,

n
> 1

V
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(2) Prerequisites

The preoperational tests are complete and
plant management has reviewed the test pro-
cedure(s) and has approved the initiation of
testing. For each scheduled testing itera-
tion, the plant shall be in the appropriate
operational configuration with the specified
prerequisite testing complete. All appli-
cable instrumentation shall be checked or
calibrated as is appropriate.

(3) Description

Early in the startup test phase with the re-

0

|

|

l

O
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actor at a moderate power level and with the luated consistent with technical specifica-

(d')
turbine generator on line, the operability of tion and safety analysis requirements. If

'

the control, stop, and bypass valves will be appropriate, it is also desirable to deter-

| demonstrated. This testing will be similar mine the maximum power level at which such
to the individual valve testing required by tests can safely be performed by observing
the technical specification surveillance pro- plant response during such tests at
gram, in addition to valve operability the successively higher power levels. . In
overall plant response weil be observed, addition, at rated temperature and pressure,
Since turbine valve testing is required rou- proper functioning and stroke timing of
linely during power operation, it is abo de- branch steamline isolation valves (e.g. on
sirable to determine the maximum power level common drain line) will be demonstrated.
at which such tests can safely be performed
by observing plant response during such tests (4) Criteria
at successively higher power levels.

MSIV closure times shall be within the li-
(4) Criteria mits required by plant t,:chnical specifi-

cations and those assumed in the plant safe-
All turbine valves shall operate properly and ty analysis. Overall valve performance
in accordance with applicable technical should be in accordance with design require-
specification requirements. Valve perfor- ments. During higher power level tests
mance and plant response should be consistent minimum plant trip avoidance margins should
with design requirements. During high power be maintained,
testing, minimum trip avoidance margins
should be maintained. 14.2.12.2.27 SRV Performance

14.2.12.2.26 MSIV Performance (1) Purpose

]m (1) Purpose To demonstrate that each safety / relief valve
can be opened and closed properly in the

To demonstrate proper operatien of and to relief mode during reactor power operation.
verify closure times for main steamline iso-
lation valves, including branch steamline (2) Prerequisites
isolation valves, during power operation.

The preoperational tests are complete and
(2) Prerequisites plant management has reviewed the test pro-

cedure(s) and has approved the initiation of
The preoperational tests are complete and testing. For each scheduled testing itera-
plant management has reviewed the test tion, the plant shall be in the appropriate
procedure (s) and has approved the initiation operational configuration with the specified
of testing. For each scheduled testing prerequisite testing complete. All applic-
iteration, the plant shall be in the appro- able instrumentation shall be checked or
priate operational configuration with the calibrated as is appropriate,
specified prerequisite testing complete. All
applicable instrumentation shall be checked (3) Description
or calibrated as is appropriate.

A functional test of each SRV shall be made
'

(3) Description as early in the power ascension as is
practicable based on the valve manufac-

At rated temperature and pressure, and then turer's recommendations. This is normally
again at an intermediate power level, each the first time the plant reaches rated
MSIV will be individually stroked in the fast temperature and pressure. Opening and
closure mode. Valve operability and closure closing of each valve, as well as evidence

g time will be verified and overall plant re- of steam flow, will be verified by response ;

(~y sponse observed. Closure times will be eva- of SRV discharge tailpipe sensors and by i

|observed changes in steamflow in the main

Amendment 21 102-$9
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steamlines downstream of the SRVs. Tailpipe The credible single failure or operator -
sensors may include temperature indications, error that has been indentified as resulting g
pressure switches or acoustic monitors. Down- in the largest feedwater temperature reduc-
stream indications of SRV operation could be lion will be initiated at a significantly
changes in such parameters as turbine valve high power level, while considering the
positions or generator output. Such changes event analyzed and the predicted results.
will also be evaluated for anomalies which Core performance and overall plant response
may indicate a restriction or blockage in a will be observed in order to demonstrate
particular SRV tailpipe by making valve to proper integrated response and to compare
valve comparitons. Tailpip- backpressures actual results with those predicted. This

| shall also be evaluated against any bounding comparison will take into account the dif-
design assumptions. Additionally, during ap- ferences between actual initial conditions
plicable plant transient testing, where SRVs and observed results and the assumptions
are expected to open, operability, opening used for the analytical predictions,
setpoints, and reset pressures will be
verified. (4) Criteria

(4) Criteria Resultant blCPR shall remain greater than the
fuel thermal safety limit and measured

There shall be a positive indication of steam resu'ts shall compare conservatively with
discharge during each manual valve opening. design assumptions and predictions. The
For automatic openings the relief setpoints overall plant response should be according
and reset pressures shall be within techniH to design and testing specifications.
specification limits. SRV open and close in-
dications, including tailpipe sensors, should 14.2.12.2.29 Feedwater Pump Trip
function as designed. For manual openings
the apparent steam flow through each SRV (1) Purpose
should not vary significantly from the aver- hage for all valves. Tailpipe back pressures To demonstrate the ability of the plant to
should be consistent with design assumptions, respond to and survive the loss of an ope-

rating feedwater pump from near rated power
14.2.12.2.28 Loss of Feedwater lleating conditions.

(1) Purpose (2) Prerequisites

To demonstrate proper integrated plant res. The preoperational tests are complete and y
ponse to a loss of feedwater heating event plant management has reviewed the test pro- '

and to verify the adequacy of the modeling cedure and has approved the initiation of
and associated assumptions used for this testing. The plant shall be in the
transient in the plant licensing analysis, appropriate _ operational configuration with

the specified prerequisite testing com.
(2) Prerequisites plete. Applicable instrumentation shall be

checked or calibrated as is appropriate.
The preoperational tests are complete and
plant management has reviewed the test proce. (3) Description
dure and has approved the initiation of test-
ing. The plant shall be in the appropriate From an initial reactor power level near
operational configuration with the specified rated, one of the operating feedwater pumps
prerequisite testing complete. All appli- will be tripped and it will be demonstrated
cable instrumentation shall be checked or that the overall plant response is such that
calibrated as is appropriate, a reactor trip is avoided. Specifically, it

shall be verified that the feedwater con- |
(3) Description trol system is sufficiently responsive, in

Amendment 21 14.2-60

. . . . . . . . . . . . . . . . . . . . . . . _ _ _



-

ABWR m-
Sandard Plant uv. n

g3 conjunction with specified mitigating fea- to provide increased margin to core thermal
t/ tures, to prevent a reactor trip due to the limits. Therefore, an evaluation will be

water level transient. Separate tests may be made during the testing of Subsection
_

required to demonstrate features such as 14.2.12.2.33 to demonstrate that coastdown
automatic core flow runback or auto start of characteristics are conservative relative to
a standby feudpump, if appropriate, safety analysis assumptions. The testing

described will also help to verify proper
(4) Criteria operation of the SCRRI logic and function in

response to actual RIP trip, and will help
From normal operating conditions, the reactor de nonstrate proper overall plant response to
should remain operating with adequate margin events that result in SCRRI actuation.
to a water 1: vel setpoint trip.

(4) Criteria
!4.2.12.2.30 Recirculation Pump Trip

The reactor should not trip following any
(1) Purpose RIP trip scenario for which it is des:gned

to terrain operating. Recirculation system
To demonstrate acceptable plant response and performance and overall plant response
to obtain recirculation system performance should be in accordance with design expecta-
data during and subsequent to potential tions. RIP and core flow coastdown charac-
reactor internal pump (RIP) tr' transients, teristics shall be conservative relative to

safety analysis design assumptions. During
(2) Prerequisites all RIP trip and restart scenarios tested,

the applicable parameters should maintain
The preoperational tests are complete and the specified minimum margins to their
plant management has reviewed the test associated trip setpoints.

Q procedure and has approved the initiation of
U t e sting. The p1 ant sbalI be in thc 14.2.12.3.3; Shutdovm From Outside the

appropriate operational configuration with Alain Control Itoom
the specified prerequisite testing com-
plcte. The applicable instrumentation shall (1) Purpose
be checked or calibrated as is appropriate.

To demonstrate that the reactor can be shut
(3) Description down from normal power operation to the

point where a controlled cooldown has been
A potential threat to plant availability is established, via decay heat rejection to the
the reactor trip due to high water level that ultimate heat sink, with vessel pressure and
may result from an unexpected trip of one or water level under control, al! using means
more of the RIPS. From near rated power and entirely outside the main control room.
flow the most limiting, credible RIP trip
scenario, for which the plant is designed to (2) Prerequisites
remain operating, will be initiated in order
to verify proper plant response. Of major The preoperational tests are complete and
concern is the feedwater control systems plant management has reviewed the test
ability to control reactor water level in procedure and has approved the initiation of
time to avoid a high water level trip Also testing. The plant shall be in the appro-
to be demonstrated are the coastdown charac- priate operational configuration with the
teristics of the tripped pump (s), the onset specified prerequisite testing complete.
c,f reverse flow through the idle pump (s), and The applicable in trumentation shall be
the ability to restart the pump (s). The checked or calibrated as is appropriate. An
coastdown characteristics are of importance adequate number of qualified personnel shall
especially during a high power turbine or be on site to perform the specified testingg

'

i, ) generator trip where the RPT logic actuates as well as their normal plant operational
"

duties.
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(3) Desesiption

$
| This test shall be performed from a low

,

Ot

,
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initial power level but from one that is suf- room. Additionally, system and plant per.
(] ficiently high such that a majority of plant formance should be consistent with design
U systems are in their normal configurations and testing specification requirements.

for power operation. This t:st is as much a
test of normal and emergency plant procedures 14.2.12.2J2 tess of Turbine Genrrator
and the ability of plant personnel to carry and Olisite Power
them out as it is a test of plant sytems and

| equipment. Therefore, tue test shall be (1) Purpose
performed using the minimum shift crew that
would be available during an actual event. To verify proper electrical equipment res-
Additional qualified personnel will be avai- ponse and reactor system transient perfor-
lable in the contrui room to monitor the pro- mance during and subsequent to a turbine
gress of the test and to re establish control generator trip with toincident loss of all
of the plant .houlu an unsafe condition offsite power sources.
develop. These personnel will also perform
pc sdefined non safety related activities to (2) Prerequisites
protect plant equipment where such activities
would not be required during an actual emer. The preoperational tests are complete and
gency situation. The, test will be initiated plant management has reviewed the test pro-
by simulating a control room evacuation and cedure and has approved the initiation of
then tripping the reactor by means outside of testing. The plant shall be in the appropri-
the control room. Achievement and mainte- ate operational configuration with all
nance of the hot standby condition is then specified prerequisite testing complete.
demonstrated through control of vessel pres- Applicable instrumentation shall be checked
sure and water level. The ability to reach or calibrated as is appropriate. A suffi-
cold shutdown is demonstrated by cooling the cient number of qualified persc,mel shall bc
reactor down to where same form of residual available to handle the needs of this test

(O,T heat removal can be and is initiated by es- as well as those associated with normal
tablishing a heat rejection path to the plant operation.
ultimate heat sink, again by means entirely
outside of the main control room. The cold (3) Description
shutdown capability does not necessarily have
to be demonstrated immediately following the This test shall be performed at a relative-|
Shutdown and hot standby demonstration as ly low power level early in the power ascen.
long as the total integrated capability is sion phase, but with the generator on line
adeqtmely d( nonstrated. Also, additional at greater than 10% load. The test will be
personnel, over and above the minimum shift initiated in a way such that the turbine
crew, may be utilized for the cold shutdown generator is tripped end the plant is
portion of the test consistent with plant completely disconnected from all offsite
procedure ani ;nanagement's ability to assen- power sources. The plant shall then be
ble extra help at the plant site in emergency maintained isolated from offsite power for a
situations, minimum of 30 minutes. During this time,

appropriate parameterr, will be monitored in
(4) Criteria order to verify the proper response of

plant systems and equipment, including the
| The remote shutdown test shall, as a mini- proper switching of electrical equipment and

mura, demonstrate the capability of plant per- the proper starting and sequencing of onsite
sonnel, equipment, and procedures to initiate power sources and their respective loads.
a reactor trip, to achieve and maintain hot
standby conditions for at least 30 minutes, (4) Criteria
and to initiate decay heat removal such that
coolant temperature is reduced by at least All safety related equipment and systems,

n 50 F, all from outside the main control and others judged to be important to safety
i i
V
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for this event, shall function as designed in reactor trip shall also be verified. Over.
O accordance with technical specification and speed of the main turbine shall also be'

V safety analysis requirements. All other evaluated since the generator is unloaded
systems and equipment should perform consis- prior to complete shutoff of steam to the
tent with applicable design and testing turbine,
specifications.

.

For a turbine trip, the generator remains
14.2.12.2.33 Turbine Trip and Generator loaded and there is no overspeed, llowever,

'

lead Rrjection the dynamic response of the reactor may be
different if the steam shutoff rate is

(1) Purpose different. If there la capected to be a
significant difference, then it may be

To verify that the dynamic response of the necessary to perform a sep: rate demosstra-
reactor and applicable systems and equipment tion and evaluation, similar to that

is in eccordance with design for prottetive discussed above, but initiated by a direct
trips of the turbine and generator during trip of the main turbine,
power operation.

A turbine or generator trip should also be
(2) Prerequisites performed at an initial power level that is

below that where a direct renctor trip 4
The preoperational tests are complete and actuated and within the capacity of ' e
plant management has reviewed the test pro- bypass valves. Reactor dynamic respons %

cedure and has approved the initiation of not as important for this transient exes e

testing. The plant shall be in the appro- for the ability to remain operatir3 ac
priate operational configuration with all designed. More important is the demonstra-
specified prerequisite testing complete. All tion of proper integrated plant and system
applicable instrumentation shall be checked performance.g

g or calibrated as is appropriate.
(4) Critena

, ,

(3) Description
The reactor shall not scram during turbine

From an initial power level near rated, the or generatur trips initiated from power
main generator will be tripped in order to levelt, within the capacity of the bypass
verify the proper reactor and integrated valves and below the point at which the
plant msponse. The method for initiating direct scram trip on turbine stop valve

| the trip shall be chosen so that the turbine closure or control valve fast closure is.

is subjected to maxim.m overspeed potenti:1, enabled. For high power turbine or
provided there are expected to be relevant. generator trips, reactor dynamic response
differences a.nongst the options available. should be consistent with predictions based
Reactor parameters such as vessel dome pres- on expected system characteristics and shall
sure and simulated fuel surface heat flux be conservative relative to safety analysis
will be monitored and compared with predic- results based on design assumptious. Of
tions so that the adequacy and conservatism particular importance are vessel dome
of the analytical odels and assumptions used pressure and simulated fuel surface heat
to 'icense the plant can be verified. Proper flux. Safety rclated and essential
rest 3nse of systems and equipment such as the equipment and systems shall respond, as
tutilne stop, control, and bypass valves, applicabic, consistent with technical
mali steam relief valves, the reactor protec- specification and safe:y analysis require-
tion aystem, and the feedwater and recircula- ments. (hner plant systems and equipment
tion tystems will also be demonstrated. The shall perform in accordance with the appro-
core flow coastdown characteristics should be prbte design and testing specifications.
avaluated upon actuation of the recirculation

q pump trip logic. The ability of the feed-
V water system to control vessel level after a

Amendment 21 14.243
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14.2.12.2.34 Reactor Full Isolation priate design'and testing specifications.

O(1) Purpose 14.2.12.2.35 Offgas System

To verify that the dynamic response of the (1) Purpose
reactor and applicable systems and equipment
is in accordance with design for a simulta- To verify proper operation of the various
neous full closure of all MSIVs from near components of the offgas system over the
rated reactor power. expected operating range of the system.

(2) Prcrequisites (2) Prerequisites

The preoperational tests ate complete and The preoperational tests have been completed
plant management has reviewed the test procc- and plant management has reviewed the test
dure and has approved the initiation of test- procedure and has approved the initiation of
ing. The plant shall be in the appropriate testing. For each scheduled testing
operational configuration with all specified interation, the plant shall be in the
prerequisite testing complete All appli- appropriate operational configuration with
cable instrumentation shall be checked or the specified prerequisites testing
calibrated as is appropriate. complete. All applicable instrumentation

shall be checked or calibrated as is
(3) Description appropriate.

A simultaneous full closure of all MSIVs will (3) Description
be initiated from near rated power in order
to verify proper reactor and integrated plant Proper operation of the offgas system will
response. Reactor dynamic response, as deter- be demonstrated by monitoring pertinent

j mined by such parameters as vessel dome pres- parameters such as temperature, pressure, hsure and simulated fuel surface heat flux, flow rate, humidity, hydrogen content, and
will be compared with analytical predictions effluent radioactivity. Data shall be |
in order to verify the adequacy and conserva- collected at selected operating points such
tism of the models and assumptions used in that each critical component of the system
the plant safety and liceesing analysis, is evaluated over its particular expected
Proper response of systems and equipment such operating range. Performance shall bc |
as the MSIVs, SRVs, the reactor protection demonstrated for specific components such as
system, and the feedwater and recirculation catalytic recombiners, and activated carbon
systems will also * - demonstrated. absorbcts as well as the various heaters,

coolers, dryers and filters. Also to be
(4) Critoria evaluated are the piping, volving,

instrumentation and control that comprise
The recctor dynamic asponse should be con- the overall system. Testing of the offgas
sistent with predictions based on expected system is also discussed in Section 11.3.9.
system characteristics and shall be conser-
vative relative to safety analysis results (4) Criteria
based on design assumptions. Safety related
and essential equipment and systems shall re- flydrogen concentration and radioactivity
spond, as applicable, consistent with techni- eff|uents shall not exceed technical
cal specification and safety analysis require- specification limits. All applicable system
ments. Other plant systems and equipment and component parame rs should be
should perform in accordance with the appro- consistent with desip and testing

specification requirements.

O
Amendment 21 14.24A
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Id.2.12.2.% toose Parts hionitoring Itaseline (3) Description

O' Data
Concrete temperature data will be collected,

(1) Purpose around selected high temperature
.

penetrations, at various power levels and
To collect baseline data for the loose parts system configurations in order to verify
monitoring system under normal plant opera- acceptable performance under expected plant
tional conditions, operational conditions. Penetrations and

measurement locations selected for
(2) Prerequisites monitoring, as well as the test conditions

at which data is collected, shall be

The preoperational tests are complete and sulficiently comprehensive so as to include
plant management has reviewed the test the expected limiting thermal loading
procedure and has approved the iniation of conditions on critical concrete walls and
testing. The plant shall be in the approp- structures within the plant,
riate operational configuration for the
scheduled testing. Applicable instrument. (4) Criteria
ation shall be checked or calibrated as is
appropriate. The temperature (s) of the concrete at the

monitored locations should be consistent
(3) Description with design predictions and shall not exceed

design basis requirements or assumptions
Loose parts monitoring system data will be critical to associated design basis
collected at appropriate power and flow analysis,
condit oas to provide a baseline set of data
indicative of normal plant operations. The 14.2,12.2.38 Radioactive Waste Systems
data obtained will be used to help verify Performance

-

O 'a aa xe<eieriii'i oa
changes to, initial alert level settings (1) Purpose
above normal (mis.

To demonstrate acceptable performance of
(4) Criteria gaseous and liquid radioactive waste

processing, storage and release systems
Sufficient baseline data shall be obtained under normal plant operational conditions,
so as to verify the adequacy of system alert
level settings in accordance with design (2) The preoperational tests are complete and
requirements, plant management has reviewed the test

procedure and has approved the initiation of
14.2.12.2.37 Concrete Penetration Temperature testing. The plant shall be in the
Suneys appropriate operational configuration for

the scheduled testing. The necessary
(1) To demonstrate the acceptability of concrete instrumentation shall be checked or

wall temperatures in the vicinity of selec. calibrated. Appropriate precautions shall
ted high temperature penetrations under be taken relative to activities conducted in
normal plant operational conditions. the vicinity of radioactive material or

potential radiation areas.
(2) The preoperational tests are complete and

plant management has reviewed the test (3) Radioactive waste systems operation will be
, procedure and has approved the initiation of monitored, and appropriate data collected,
I testing. The plant shall be in the approp- during the power nscension test phase to

riate operational configuration for the demonstrate system operation is in
scheduled testing. Applicable instru. accordance with design requirements,

fm mentation shall be installed and checked or Operation and testing of liquid and gaseous
d calibrated as is appropriate, radioactive waste systems is discussed inj

Amendment 2 14.2M.1
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detail in Sections 11.2 and 11.3, respec. testing of power conversion systems is
tively. Testing specific to the main discussed in detail in Chapter 10. The main g
condenser off;as system is also discussed turbine generator and related auxillariesi
separately in Subsection 14.2.12.2.35. are disc.ussed in Section 10.2 and other

pcwer conversion equipment and systems are
(4) Criteria discussed in Section 10.4. Testing specific

to turbine valves is described in Subsection
Performarace characteristics of the liquis 14.2.12.2.25 and plant transient testing
and gaseous radioactive waste systems should involving the main turbine generator is
be in accordance with the appropriate design described in Subsection 14.2.12.2.33,
and testing specifications, and as discussed
in Sections 11.2 and 11.3, respectively. (4) Criteria
llandling and release of radioactive wastes
shall be in conformance with all applicable Performance characteristics of the various
regulations. systems monitored should be in accordance

'

with the appropriate design and testing
14.2.12.2.39 Steam and Power Conversion Systems specifications, and as discussed in Sections
Perforinance 10.2 and 10.4.

(1) Purpose

To demonstrate acceptable performance of the
various rilant steam driven auxiliaries and
power .anversion systems under expected
operational conditions, particularly that
eq ilpment that could not be fully tested
durleg the preoperational phase due to
inadequate steam flow conditions. h

(2) Prerequisites

The preoperational tests are complete and
plant management has reviewed the test
procedure and has approved the initiation of
testing. The plant shall be in the
appropriate operational configuration for
the scheduled testing. The necessary
instrumentation shall be checked or
calibrated /.

(3) Description

Operation of steam driven plat.t auxiliaries
and power conversion systems will ne
monitored, and appropriate data collected,
during the power ascesion test phase to
demonstrate system operation is in
accordance with design requirements.
Systems to bc .nonitored include the main
turbine and generator and thcir auxillaries,
the feedwater heaters and moisture
separator / reheaters, the main condenser and
condenser evacuation system, and the main
circulating water system. Operation and h

Amendment 21 14.244.2
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| 14.2.13 COL LAcase information and foi maintaining the reactor in safe
condition for an extended shutdown period

The preceding discussion of preoperational and following such conditions;'

startup tests were limited to those systems and
components within, or directly related to, the (c) Those that will be used for e sablishing
ABWR Standard Plant. Other testing, with respect conformance with saIcty limits or limiting
to site specific aspects of the plant will be conditions for operation that will be
necessary to satisfy certain ADWR interface included in the f acility technical

,

requirements. Testing of such systems and specifications; ;

| components shall be adequate to demonstrate
conformance to such icquirements as defined (d) Those that are classified as engineered
throughout the specific chapters of the SSAR. safety features or will be used to support |
Below are systems that may require such testing: or ensure the operation of engineered safety 1

features within the design limits;
(1) electrical switchyard and equipment;

(e) Those that are assumed to function or for )
(2) the site security plan; shich credit is taken in the accident '

' analysis for the facil!*.y, as described in
(3) personnel monitors and radiation survey the FSAR; or

instruments; and
(f) Those that will be used to process, store,

(4) the automatic dispatcher control system (if control, or limit the release of radioactive
applicable). materials.

Also to be supplied by the applicant Of the tests described in Subsection
referencing the ABWR design is the startup 14.2.12.2 for the ADWR Standard Plant the
administration manual described in Section following tests, or designated portions thereof,
14.2.4, which will describe, among other things, meet the above criteria:
what specific permissions are required for the
approval of test results and the permission to (1) 14.2.12.2.13 Recirculation Flow Control -
proceed to the next testing plateau, excent for thost. features

intended to limit maximum core
The applicant referencing the ABWR Standard flow;

Plant shall also provide a list of those tests to
be performed as part of the power ascension test (2) 14.2.12.2.21 Reactor Water Cleanup System
phase that are proposed to be exempt from Performance
operating license conditions requiring NRC prior
approval for major test changes. Such tests are (3) 14.2.12.2.23 Plant Cooling / Service Water
thosc which are not essential to the System Performance those
demonstration of conformance with design portions pertaining to the'

requirements for structures, systems, components, turbine building and .ervice
and design features which meet any of the water systems;
following criteria:

(4) 14.2.12.2.24 ilVACSystemPerformance.Those
(a) Those that will be used for safe shutdown and portions pertaining to the

cooldown of the reactor under normal plant normal 1IVAC system and its
conditions and for malttalting the reactor in associated nonessential chilled
a safe condition for an extended shutdown water system;
period;

(5) 14.2.12.2.29 Fcedwater Pump Trip; and
(b) Those that will be used for safe shutdown and

cooldown of the reactor under transient (6) 14.2.12.2.39 Steam and Power Conversion
(infrequent or moderately frequent events) System Performance.

g conditions eind postulated accident conditions

Amendment 21 14245
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Talk 14.2-1
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! POWER ASCENSION TEST MATRIX (Continucd) =-sW
c6 c. .wa8
3 3N
$ 'tisnNG PI AIFAU d.y
~
__

POWER ASCENSION TEST oy Igu 1.P My IIP Noi15

Chemeral and Radeochemical Measurenn-nts

V V V ViSampling Sysicm Functioning

Prem ess Rml Monitoemg Functioning V V V V V

Secady State Performanec Measurements V V V V V I= h'=8co wi(am== =( =en tatay

& cam Separator / Dryer Performame | V As l*= I==rt. h4h 8k= man ad :=an 85= aur

Radsation Measurements

Secady State Measurements 'V V!V V V

V Vsh.elding Adequacy Assessment

Furt leading

Gwe loading V e

Par 621 Gire S/D Margm V

Full Core Venficadon /

Fun Gire Shutdown Margm Demonstra eem /

Erni Gmtrol Sysicm Perf<wman<c

CRD Functional Testing V V

V VFriction Testing

R<m! Paer & ram Tesdag V V
,

!# # # Wah tw serFun Gire Scram
.

. _ .

er AsI,= g.=ct e .4 ,a ,e ,,,,3,,,,,,, ,to ga ,,,,,,gir
SCRRI i unctioning ervs amt i=tien ave =eme.l 8.Jf. g RIr w.ps

Ahernaic Rod Run-in Functm>nmg '| v v v r as = e.m w,Wu s.4 g ga a w.,,

u
=

x?"

b R$
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OV = Open Vessel HU = Nuclear Heatup LP = Low Power MP = M.d Power llP = H 3h Power
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Table 14.2-1 !

TESTNG PLATEAU k [
:s W '

E
.g POWERASCENSIONTEST Of HJ LP MP FP POTES

:f Neution Monitoring System Performance QW
,

-
f,SRNM Calibration / Response V V
,

V V V VLPRM Calibration / Response

APRM Calibration / Response V V V V |

TIP System Alignment / Response V V er org as nee *d u cornplete tests subsmyant to

|

| Process Computer System Operation

V V V VNSS/ BOP Monitoring Programs

V V V VAutomation Programs
V V VRWM/RC4tS Functioning

Core' Performance V V V V

Nuclear Boiler Process Monitoring ;

Reactor Coo an: Temperature Measurement V V V At MP & H.'2 ouring steady state and RTP trip anting !

Reactor Water Level Meastsement V V V V V

V V V VCore Flow Calibration / Measurement 3

| System Expansion

V r er er or# as needed upon reesn ti cold seningSupport inspection / Interference Check
i condisons after planned shutdowns subsequent to .

HJ i

V V V VDisplacement Measurements
,

System Vibration :

V V V VSteady State Measurements

# # #Transient Response
h,

5 Reactor Intemals Vibration (if Required) V V V V SP'd#*d 8' sang eney n t be rogured. See gg i

g Subsecton 142.12.2.12 for disassion of apprcability A8 !
w of toseng based on dassification of reacsor intomats

, er { !

(Le, prototype or not) in aw wiet R.G.120. 6

; Cold, zero power, test,if requred, will be done with-

RPV heed on during HtJ

!

L
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! Table 14.2-1
, .

.

f POWER ASCENSION ~EST MATRIX (Continued) * '

*
4 s

Ic
E , -

i

TESTNG PLATEAU 1 [
1

FOWERASCENSION iwI O/ HJ LP MP IP FOTES
i

d. h
Nrculation Flow Control : 1

~ ~

!

Control System Adjustment / Confirmation V V V
t

Feedwater Control

Control System Adjustment / Confirmation V V V V

Pressure Control

iControl System Adjustment / Confirmation V- V V V '

Plant Automatinn and Control

Plant Startup/ Shutdown V V V V
!

Load Fer.c.iw *'
Reactor Mrculation System Performance

Steady State Performance V V V V
| RIPS Out of Service V V

e !Pump Restarts V V
i

j Feedwater System Performance

Steady State Performance V *' *' e'
1

Maximum Runout Flow Determination *'
Main Steam System Performance

Steady State Performance *' '' V *'
:

} Residual Heat |bswal System Niv,mance '

Suppi-ssion Pool Cuvr.,9 *' V After wseng which adds heat to the suppnmuon
.,''

I
pool: May not tm sutadors heat at tower power 3: i

y

!: O
j h levels to fury L-.,;..se Hu beat removal h*cam' a -

| Sheride-ii Cooling V or
,

::-

system operabery must tw demonstoned prior to i

'|
encoedng 25% RTP. However. there rney not tw !
sufficient toector decay heat at lower power levels I

to As..e. Hx best r w I c=-gi, i

OV = Open Vessel HU = Nuclear Heatup LP = Low Power MP = Mid Power HP = High Power
!

i

I e 9 9 !
,

. _ _ . _ _ _ _ - - _ . - . _ _ _ - _ _ . _ - . - . - - - . - - -



_ _ _ _ - _ _ _ _ _ _ - _ _ - _ _ _ - - _ _ _ _ . _ __

' c, ,s

7

Table 14.2-1

- Y POWER ASCENSION TEST MATRIX (Continued) Lr2 y
g 5 C:!

as
3 %
-

TESTNG Pt.ATEAU a
~

1m

POWER ASCENSION It:si O/ HJ. LP MP HP Nuit:s no

E
V At 80-90% CTP.100% Flow durwg HP

Loss of Feedwater Heating
V ,

Feeowater Pump Trip
I

Recirculation Pump Trip
V V At near rated !bw

One RIP Trip
V V At rwar rated fion

Two RIP Trip
/ / . At nea+ rated tiow

Three RIP Trip
V At >to% Generator toad

Shutdv.a from Outside the Control Room
V At 10-20% rated power

Loss of Turbine Generator and Offsite Power

Turbir e Trip and Generator Load Rejection i

V
Load Rejection with5 Bypass Capacity

V
Turbine Trip

V,

Full Power Load Retection
V

Meactor Full isolation '

# V V V
Offgas System Performance

V V V V
Power Conversion Equipment Performance

V V V V
Loose Paris Monitoring System Baseline Data

V V
RadWaste Systems Performance

V V
Concrete Teipperature Surveys

u
% 5n

b 3 G
u

Yz"

OV = Opam Vessel 110 = rioclear lleatup t P = tow Pcaer MP = M,d Pow,, up , gyn po,
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Testina Plateau iDeserlation (1)
.

.

1Open Vessel (OV) With the RPV head removed, from initiation of fuelloading to cold-
conditions with a fully loaded core

,

Nuclear Heat Up (HU)- During nuclear heat up, from ambient conditions and 0 psig to
rated temperature and pressure within the RPV, with reactor
power typically less than 5% of rated

Low Power (LP) Between 5% and 25% rated tht.rmal power, with ide reactor.

internal pumps (RIPS) within 10% of minimum speed

Mid Power (MP) Between approximately the 50% and 75% power rod lines, with
the RIPS operating between minimum and rated speeds, with the '

lowei power corner within the capacity of the bypass valves.
*

High Power (HP) _ Along.and just.below~ (+0',5%) the 100% power rod line, from--

<

minimum RIP speed to rated core flow
,

(1) Descriptions of testing plateaus are offered for illustrative purposes and general guidance only,
as sort tests are intended to be conducted outside the general testing plateaus described.
Neither the above descriptions, nor the corresponding boundary lines on the powet flow map, are

i
! meant to be absolute limits. Any operating limits will be specified in the p! ant license. ;iny other .'

testing restrictions' will be specified either within the plant admir.istrative procedures covering
i

,

. the power ascension test program of within the individual test procedure for a given test.
Amendment 21
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Idocumentation. The limiting events which 15.0.4.5J Harrier performance

O establish CFR operating limit:
Tbc significant areas of laterest for !

I(1) Limiting Pressurization Events: Inadvertent internal pressure damage are the high pressure
'

closure of oae turbine control valve, and portions of the reactor coolant pressure
generator load rejection with all bypass boundary (the reactor vessel and the high
valve failure, pressure pipelines attached to the reactor ,

vessel). The plant shall meet the criteria in
(2) IJmiting Decrease la Core Coolant Temperature Appendix 4B.

Events: Feedwater Controller Failure -
Maximum Demand 15.0.4.5 * R dlological Consequences

For the core loading in Figure 4.31, the in this chapter, the consequences of
resulting initial core MCPR operating limit is radioactivity release for the core loading in
1.17. The operating litnit based on the plant Figure 4.31 during the three types of events:

-

loading pattern will be provided by the utility (a) incident 4 of moderate frequency (anticipated ,

applicant referencing the ABWR design to the operational occurences); (b) Infrequent ,

USNRC for information, see Subsection 15.0.5.2 incidents (abnormal operational occurences); and
for interface requirement. (c) limiting faults (design basis accidents),

are given. For all events whose consequences
Results of the transient analyses for are limiting, a detailed quantitative evaluation

individual plant reference core loading patterns is presented. For nonlimiting events, a
will differ from the results shown in this qualitive evaluation is presented or results are
chapter, llowever, the relative results between referenced from a more limiting or enveloping .

core associated events do rot change. Therefore, case or event.
only the results of the identified limiting

O- events given in Tables 15.0 4 will be provided by 15.0.5 Interface Requirernents
the utility applicant referencing the ABWR design
to the USNRC for information. See Subsection 15.0.5.1 Anticipated Operational Occurences
15.0.5.1. (A00)

15.0.4.5.1 Effect of Single Fallures and The results of the events identified in *

Operator Errors Subsection 15.0.4.5 for plant core loading will
be provided by'the ultilty applicant referencing

The effect of a single equipment failure or the ABWR design to the USNRC for information,
malfunction or operator error is provided in
Appendix 15A, 15.0.5.2 Operatlog Limits

15.0.4.5.2 Analysis Uncertaintles The operating limit resulting from the
analyses normally provided in this subsection

The analysis uncelainties meet the criteria in will be provided by the uitilty applicant
Appendix 4B. referencing the ABWR design to the USNRC for -

information.
In-Table 15.0 3, a summary of applicable

accidents is provided. This table compares GE" 15.0.5.3 Design Basis Accidents
calculated amount of failed fuel to that u.u'in
worst. case radiological calculatiuons for ti.s Results of the design basis accidents
core shown in Figure 4.31. Radiolr gical including radiological consequences will be
calculations for a plant initial core will be provided by the ultlity applicant referencing i
provided by the utility to the USNRC for the ABWR design to the USNRC for information. I

information. (See Subsection 15.0.5 for
- interface requirernents).

i

-O
I

Amendment 21 15.o 3
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Table 15.01

O |

INPUT PARAMETERS AND INITIAL CONDITIONS FOR :

SYSTEM RESPONSE ANALYSIS TRANSIENTS (Continued)

!

29. S/R Valve Reclosure Setpoint Both Modes
(% of setpoint)

Maximum Safety Limit (used in analysis) 98
Minimum Operational Limit 93

30. liighIlusTrip (% NDR) ;
Analysis Setpoint (125 x 1.02) 127.$ ;

231. liigh Pressure Scram Setpoint (Kg/cm g) 77,7
,

32. VessellevelTrips (m above bottom
of separator skirt bottom)

Level 8 -(L8)(m) 1.73 ;

1.evel 4 -(IA)(m) _ 1.08

Level 3 -(L3)(m) 0.57

Level 2-(L2)(m) 0.75

33. APRM Simulated Thermal Power Trip
Scram % NBR
Analysis Setpoint (115 x 1.02) 117.3

Time Constant (see) 7

34. Reactor Internal Pump Trip Delay (see) 0.16

35. Recirculation Pump Trip Inertia Time
Constant for Analysis (see) '" 0.62

336. Total Ste .mline Volume (m ) 113.2

37. Set pressure of Recirculation pump trip
2(Kg/cm g) 79,1

l
,

For transients simulated on the ODYN model, this input is calculated by ODYN.*

| " EOEC = End of Equilibrium Cycle.
"* The inertia time constant is defined by the expression:

| 2 x Jo n l
t = ------- , where t = inertia time constant (see); !

. __

gT. Jo = pump motor inertia (kg m);o
n = pump speed (rps);

2g = gravitatior.al constant (m/sec ); and
To = pump shaft torque (kg m)

!

.

Amendment 21 110-6
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Table 15.0 2 9
RESULTS SUMMARY OF SYSTEM RESPONSE ANALYSIS TRANSIENT EVENTS

Max Core No.

' Mas. Mat Average of Duration

Sub Mas. Mas. Venel $leam Serface Vahts of
sec. Neutron Dom, Ibitom Une flest lius A .Freq. nrst Bkm*=w
tion Plgure ilus Preuvre Preuure. Preuvre (% of in Cate. Ekm. (seconds)

2 2 2
| L.it L.it Description ,cLbMB LS(g/[m d ' ff.r/Cm d (Kt/Cm g . gf31gigj) . gg,gy gggg.,, gg

13.1 Decrease in core coolant teroperature |

15.1.1 loss of I'ced. 112.8 73.1 75.9 71.6 112.8- 0.07 a 0 0

water heating

I15.1.2 15.12 - Runout of one 1043 - 73 2 73 8 71.7 101.8 0F e 0 0

feedwater pump

13.1.2 13.1 3 Feedwaitr Con. 139.0 83.3-- 84.9 82.8 1 05.9 0.10 a+ 10 . 6

troller failure .
Maximum Demand c

15.1.3 13.1-4 Opening of 102.1 73.1 73.6 71.6 100.0 ' " a 0 0

one flypass Wlve
,

15.1.3 15.1 $ Openingof all 102.0 80.4 61.8 $0.1 It00 ** a+ 0 0 :

Control and Dypau Vahts

-)
15.1.4 Inadvertent open SEE _ 'IEXT ;

ingof One SRV ~t

!$.1.6 inadvertent RllR SEl3 111XT

Shutdown Goling

15.2 increase in

Reactor Preuure
t

'15,2.1 _ 15.2 la Fast Chuure .129.4 73.1 77.6 ~ 73.7 1036 0,10 ,a 0 0.

of One Turbine !
Cce. trol Valve :

t

15.2.1 1$.216 Skiw Cksure 110.3 74.8 77.3 73.3 - 103.3 J.09

of One Turbine

Control Vaht 4

'

: 15.2.1 . 15.2-2 - Pres. Regu - 154.8 85.f R7.4 85.1 _103.0 xxx c 18 6

lator Downscalc Fail. .j

13.2.2 - 13.2-3 Ocnerator load - 148.1 83.2 ..- 82.7 100.2 ' 0.06 a A0 -3
~

'

Rejection Dypeuon

.

?

fAmendment 11 15.0 7

:
t

~_

.- .mz.. .; ......-.,.u..._m.-,m.m.._.........,.~_._., , . . , . . , . . . , . . . . , , . _ - . , , . , . . , - , . . _ w.s-



ABWR mmen
Saadard Plant nrv. c

C
Frequency dcjinition is discussed in Subsection 150.4.1*

Not liiniting (See Subsection 150.4.5)"

| xa LPR Criterion docs not apply
a Afodcrate Frcquency
b inficquent
c Lirniting Fault
N/A Not apphcable

1his cwnt should be classiped as a limitingfault. Howcwr, criteriafor modcratefrequent incidents are+

consenatiwly applied.

O

l

N |

~.

Amendment ,?! 13.0 7.1

.

,- . . _ _ .



_ . . _ _ _ _ _ _ _ _ _ _ _ . . . _ . _ _ _ _ _ . . . - _ _ . _ _ _ _ _ _ _

,
'

ABWR zwwa
J Slandard Plant R1% C
1 ,

Table 15.0 2.

O'

i RESULTS SUMMARY OF SYSTEM RESPONSE ANALYSIS TRANSIENT EVENTS (Cont.)
,

1

i Mes Core No. ;

Man. Max. Average of Duratke !

j. Man. Max. Vessel Steam Surface Valves of
' - Sub Neutron Dome Bottom IJne liestflus A l' req Pirst filowdown

Section Figure Ilus Preuvre Precure Preuvre (% of in Cate. Blow. (seconds).

2 2
; | LDs 1,1L Descrint6nn 5dQ13 OgfQ3 g) {ggjti 2 ) (Kt/Cm 8) IDill8,) CM IP.H'. Mmg f

i
1 15.2.2 15.2-4 Generator toed 113.3 84.5 85.8 83 6 100.5 0.07 a+ 14 3
! Rejection. Failure

; of One Dypass Vahe

!
15.2.2 15.2 5 Generator tead 184.6 86.1 87.7 85.6 102.3 0.10 a+ 18 6

,

Rejection with failure,

j of att Dypau Valves

j 15.2.3 15.2 4 Tuit>ine Trip . 122.1 83.0 M.6 82.6 100.0 0.05 a. 10 $

] Dypass. On
1

f
'

13.2.3 15.2 7 Turt>ine Trip 131.9 84.1 85.6 83.4 100.0 0 05 a+ 14 5

w/ Failure of one
4

Dypass Valve

O 15.2.3 15.2-8 Turbine Trip 158 6 86.1 87.7 85.4 1004 0.08 a+ 18 6

with failure of

; all Dypass Valves

i

| 15.2.4 15.2-9 Inadvertent 102.1 84.6 86.4 84.1 100.1 " a 18 5
i' . MSIV Closure
|

15.2.5 15.2 10 Loss of 122.3 83 0 M.6 82.6 100.0 ' " a 10 $
'

; Condenser Vacuum
i
'

15.2.6 15.1 11 loss of AC 113.2 82.9 84.4 82.7 100.0 0.05 a 10 $

|' Power

!

| 15.2.7 15.2 12 loss of All' 102.0 73.1 75.7 71.6 100.1 " a 0 0

|- Feedwater Ilow

|

| 15.2.8 Feedwater Piping Drcak SEE TEXT

;

Frequency definition is discussed in Subsection 15.04.1*

Not limiting (Sce Subsection 13.04.3.)' "

a Moderate Frequency'

b . Infrequent . ~ l
*

e' LimitingFault
N/A Not applicable

. . .

j
.

moderatefrequent incidents are conservatinh applied.

+ This ennt shoudd be classified as an infreque.nt event or a limitingfault. However, criteriafor :
_

Amendmen* 21 15.08
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Table 15.0 2
O

RESULTS SUMMARY OF SYSTEM RESPONSE ANALYSIS TRANSIENT EVENTS (Cont.)

Mas Core No.

Mac Mat Averege of Duration
Mas. Mat. Veuel Alcam Surface Yahts of

Sub Neutron Dome Ibitom Une liest Ilus a l' req l'irst Ulom*m1p

Sectkm l'igure 11ga Freuvre Preuvre Preuvre (% of in Cate. Ilkw- (secondtj
2 2

| M M Desenritbn % NDR gg!,Qng) ( Ar/Cm g) Ar!Cm g) leittt.[) [fE g23' d2*J1.

13.2.9 l' allure of RilR SEE *IILXT
Shutdown Cooling

13.3 Decrease in Reactor

Coolant System flow Rate

1511 15 } 1 Trip of *!hree 102.0 73.3 76.0 71.7 10ril Ob1 a 0 0

Reactor Internal

Pumps

15 3.1 1512 Trip of All 102.0 83.2 84.1 82.7 100.2 '" e

Reactor Internal Pumps

15 3.2 1553 l'est Runback 102.0 73.0 73 9 71.6 100.0 " s 0 0

of One Reactor

Internal Pump

13.3.2 1534 l'est Runback 102.0 73.1 76.0 71.6 100.0 " a+ 0 0

of All Reactor

Internal Pumps

15.3 3 1515 Seizure of One 102.0 73.1 75.9 71.6 110 " c 0 0

Reactor Internal

Pump

1534 One Pump Shaft SI'.E *ITLXT
Ilreak

15 4 Reacttvity and

Power Distribution

Anomalies

15.4.1.1 RWE Refuelir.g SEE TEX 1'

Frequency definition is discussed in Subsection 150.4.1*

Not limiting (See Subsection 150.4.5.)**

CPR criterion does not apph'. PCT <$93.30C*"

a Moderate Frequency
b Infrequent
c Limiting Fault
+ This esrnt should be classified as a limithtgfwult. Howntr, criteriafor moderatefrequent incidents are

conservathcly applied.

Amendment 21 15.0 9
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Table 15.0 2

RESULTS SUMMARY OF SYSTEM RESPONSE ANALYSIS TRANSIENT EVENTS (Cont.)

Man Core No.

Man. Man. Average (4 De stion
Mat Man. Ymel Steam Surface W hts of

Sub Neutron Dome Dottom line lle.at livs A Freq. litst Illowdown
$cct6on figure ilus Pr+ 3ure Pressurt Pressure (% of in Cate. tilow- (seconds)

2 I 2
g 1,,11 j_ R Descrirition 1,h1!,3 [hg4Cf1 g) fK1/Cm g) (Eg/fa1p) IDi!.ll).) . E 2 d $25.J1

15.4.1.2 RWE.startup S121 11Xr4

15.4.2 RWE at Power SEE 11'XT

1543 Control R xl SEE TEXT
Minoperation

15.4.4 Atmormal Startup SEE. 1 EXT-
of One Reactor

Internal Pump

15.4 3 15.4 2 Fast Runout 89,8 71.1 72.3 70.6 116.1 "" a 0 .O
of One Reactor

Internal Pump

O 15.4.5 15 4-3 Fatt Runov' 135D 723 74.7 713 1683 *"' a+ 0 0
of All Reactor

Internal Pumps

15.4.7 Maplaced Dundle SEE TEXT
Accident

15,4 3 Rod lyection Accident SEE '11XT

15.4.9 Control Rod Drop Accident SEE 11TT

15 3 increase in Reactor

Coolant Imsntory

15 3.1 153 1- Inadvenent 102.0 73.1 73.6 71.6 100.0 " a+ 0 0
llPCP Startup

* - Frequency definition is discussed in Subsection 150.4.1
Not limiting (See Subsection 150.4.5)"

"" Transients initiatedfrom lowpower.
a Moderate Frequency .

.
b infrequent;
c LimitingFault
+. This event should be :lassified as a limitingfault. Ilowever, criteriafomoderatefrequen! incidents are

.

consenativelyapplied.

Amendment 21 15.010

.2 -. . - - _ - _ - - - _ - _ - - - -- -. - - - - -



ABWR m6imn
Standard Plant Rev. c

Table 15.0 3
O

SUMMARY OF ACCIDENTS
FAILED FUEL RODS

GE NRC
SUllSECTION CALCUtATED WORST CASE
1. D. . . .. .. TITI.E VAlUC ASSUh1PTION

15.2.1 Pressure Regulator Downscale Failure None <0.2%

15 3.1 Trip of All Reactor Internal Pumps None <0.2%

1533 Seizure of one Reactor Internal Pump None None

15 3.4 Reactor Internal Pump Shaft Break None None

15.6.2 Instrument Line Ike.ak None None

15.6.4 Steam System Pipe Break Outside None None
Contalnment

15.6.5 LOCA Within F.CPB None 100 %

15.6.6 Feedwater Line Break None None

15.7.1.1 h1ain Condenser Gas Trea'. ment N/A N/A g
System INiure

15.7 3 Liquid Radwaste Tank Failure N/A N/A

15.7.4 Fuel liandling Accident < 125 125

15.7.5 Cask Drop Accident None All Rods in Cask

i

i
'

Table 15.0 4

CORE WIDE TRANSIENT ANALYSIS RESULTS TO BF.
PROVIDED FOR DIFFERENT CORE DESIGN

h1AX. CORE
A1AX. AVERAGE
NEUTRON SURFACE
FLUX llEAT FLUX DELTA

TRANSIENT IfcNDR) FrNilR) 28 FIGURE

Closure of One Turbine Control Valve X X X X

Load Rejection with all Bypass Valves X X X X
Failure|

1

|~ Feedwater ControUer Failure - X X X X hhiaximum Demand

Amendment 21 11011
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SECTION 15.1
O

CONTENTS

Section M P.aSt

15.1.1 tma of Feeduler Heatina 15.1 1

; 15.1.1 Identification of Causes and Frequency
| Classification 15.1 1-

i
'

15.1.1.1.1 Identification of Causes 15.1 1
,

15.1.1.1.2 Frequency Classification 15.11

15.1.1.2 Sequence of Events and Systems Operations 15.1 1

15.1.1.2.1- Sequenee cf Events 15.11

15.1.1.2.2 Systems Operatlon 15.11-

15.1.1 3 Core and System Performance 15.12

15.1.1 3.1 Input Parameters and initial Conditions 15.12

15.1.1 3.2 Results - 15.12!

15.1.1.4 Barrier Performance 15.1 2

15.1.1.5 Radiological Consequences .15.1 2

15.1J Feedwater Controller Failure-Matimum Demand 15.1 2

15.1.2.1 Identification of Causes and Frequency
Classification 15.12 ,

,

i 15.1.2.1.1 Identification of Causes 15.1 2
l

15.1.2.1.2 Frequency Classification 15.1 3

15.1.2.1.2.1 Runout of One Feedwater Pump 15.1 3 -,

L -

--

| 15.1.2.1.2.2 Feedwater Controller Itailure -
i- Maximum Demand _ 1513
o
.

15.1.2.2 Sequence of Events and Systems Opciations 15.13
,

2

|O-

15.1 ti

Amendment 21
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SECTION 15.1
O

CONTENTS (Continued)
l

Sectlon Title Page

i

15.1.2.2.1 Sequenee of Events 15.1-3 1

15.1.2.2.1.1 Runout of One Feedwater Pump 15.1 3

15.1.2.2.1.2 Feedwater Controller Failure -
Maximum Demand 15.13

15.1.2.2.1 3 Identification of Operator Actions 15.1 3

15.1.2.2.1 3.1 Runout of One Feedwater Pump 15.13
,

15.1.2.2.1 3.2 Feedwater Controller Failure -
Maximum Demand 15.14

15.1.2.2.2 Systems Operation 15.1-4

15.1.2.2,2.1 Runout of One Feedwater Pump 15.1-4

15.1.2.2.2.2 Feedwater Controller Failure .
Maximum Demand 15.1-4

15.1.2 3 Core and System Performance 15.1-4

15.1.2 3.1 Input Parameters and initial Conditions 15.1-4

15.1.2 3.2 Resuits 15.1-4

15.1.2 3.2.1 Runout of One Feedwater Pump 15.1-4

15.1.2 3.2.2 Feedwater Controller Failure .
Maximum Demand 15.1-4

15.1.2.4 Barrier Performance 15.1 4

15.1.2.5 Radiological Consequences 15.1-5

15.13 fressure Reculator Failure--Opgri 15.1 5

15.1 3.1 Identification of Causes and Frequency
Classification 15.15

15.1 3.1.1 Identification of Causes 15.15

15.1 3.1.2 Frequency Classification 15.1-5

h15.1 111

|

Amendment 21
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SECTION 15.10
CONTENTS (Continued)

Sectlon H(lg Eggt

|15.1.6.2.2 Systems Operation 15.1 9 .

15.1.6.3 Core and System Performance ' 15.1 9

15.1.6.4 Barrier Performance 15.19

15.1.6.5- Radiological Consequences 15.1 9 -

-TABLES-

Table Elle East

15.1 1 Sequence of Events for Loss of Feedwater 11 eating 15.110

15.1 2 leu of 55.60C Feedwater 11 eating 15.110

15.12a Imss of 16.70C Feedwater 11cating 15.1 10

15.13 Single Failure Modes for Digital Controls 15.1 11

15.14 Sequence of Events for Figure 15.12 ~ 15.1 12 -

. 15.1 5 Sequence of Events foi Hgure 15.13 15.112

15.1-6 Sequenee of Eyents for Figure 15.14 15.1 13

15.17 Sequence of Events for Figuse 15.15 15.113

15.1 8 Sequence of Events for inadvertent Safety / Relief
. Vahe Opening - 15.114'

15.19 Sequence of Events for inadvertent RHR Shutdown
Cooling Operations .15.1 14

-h 15.1 vi

Amendment 21

i

1

. _ _ . _ _ -



_ - - - - - - - _ - - - - - - _ -

ABWR 2mion
Standard Plant nuv c

SECTION 15.1
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ILLUSTitATIONS

Eigure Iltle Page

15.1 1 Simplified Block Diagram of Fault Tolerant
Digital Controller System 15.115

15.1 2 Runout of One Feedwats Poinp 15.1 16

|15.1 3 Feedwater Controller Failure Maximum Demand 15.1 17

15.1 4 Inadvertent Opening of One 13ypass Valve 15.1 18

15.1-5 Inady acnt Opening of All Control and Bypan
Valves 15.119

9
.

I

O
15.1 vii
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15.1 DECREASE IN REACTOR COOIMr between the actual and reference temperaturesO TEurER^roRE c e eds a 6T seineint. which is tren ir i
at 16.70C), the FWCS sends an alarm to the

15.1.1 Imss of Feedwater liesting operator. The operator can then take actions to
mitigste the event. Thi will avois a scram and

15.1.1.1 Identincation of Causes and reduce the a CFR during the event. The same
Frequency Classlucation signal is also sent to the RC&lS to l'altiate the

SCRRI (selected control rods run in) to auto-
15.1.1.1.1 Identincation'of Causes matically reduce the reactor power and avoid a

scram. This will prevent the reactor from
A feedwater h ater can be lost in at least two violating any thermal limits.

ways:

Because this event is very slow, the operator
(1) steam extraction line to heater is closed; action or automatic SCRR1 will terminate this |or event. Therefore, the worst event is the loss

of feedwater heating resulting in a temperature
(2) steam is bypassed around heater, difference just below the AT setpoint. Ilow-

ever, a loss of 55.60C feedwater temperature
The first case produces a gradual cooling of is analyzed to bound shis event.

the feedwater. In the second case, the steam
-

bypasses the heater and no heating of that 15.1.1.1.2 Frequency Classincation
feedwater occurs, in either case, the reactor
vessel receives cooler feedwater. The maximum The probability of this event is considered
number of feedwater heaters which can be tripped low enough to warrant it being categorized as an
or bypassed by a single event represents the most infrequent incident. 110 wever, because of the
severe transient for analysis considerations. lack of a sufficient frequency data base, this

O transient disturbance is analyzed as an incident
The ABWR is designed such that no single of moderate frequency.

operator error or equipment failure shall cause a
loss of more than 55.60C (1000F) feedwater 15.1.1.2 Sequence of Events and Systems
leakage. The reference steam and power Operation
conversion system shown in figures 10.11 to
10.13 meets this requirement. In fact, the 15.1.1.2.1 Sequence of Etents
feedwater temperature drop based on the reference
heat balance, shown in Figure 10.1 1, is less Table 15.11 lists the sequence of events b

than 300C (1000F).. Therefore, the use of for this transient.
055.60C (100 F) temperature drop in the

transient analysis is conservative. 15.1.1.2.1.1 Identincation or Operator
Actions

This event has been conservatively estimated
to incur a loss of up to 55.60C of Ihe Because no scram occurs durlog this event, no
feedwater heating capability of the plant and immediate operr. tor action is required. As soon
causes an increase in core inlet subcooling, as possible, the operator should verify that no
This increases core power due to the negative operating limits are being exceeded. Also, the
void reactivity coefficient. However, the power operator should determine the cause of failure
increase is slow, prior to returning the system to normal.

The feedwater control system (FWCS) includes a 15.1.1.2.2 Systems Operation
logic intended to mitigate the consequences of a
loss of fec& vater heating capability. The system in establishing the expected sequence of-
will be constantly monitoring the actual feed- events and simulating the plant performance,it
water temperature and comparing it with a refer-

O c i -r >=> . wh ie er r aw rer .was assumed that normal functioning occurred inthe ri ii tr - < iie a ce treis. ri i
- heating is detected (i.e., when the difference protection and reactor protection systems.

Amendment 21 15.1.t
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expected for this transient. 15.1.2 Feedwatcr Controller Failure - h
Maximum Demand

15.1.13 Core and System Performance
15.1.2.1 Identiflea!!on of Causes and

15.1.1 3.1 Input Parameters and initial Frequency Classlucation
Conditions

15.1.2.1.1 Identi.fication of Causes
The transient is simulated by programming a

change in feedwater enthalpy corresponding to a This event is postulated on the basis of a
55.60C loss is feedwater heating. Another case single failure of a control device, specifically 1

with the AT setplont in FWCS of 16.70C is one which can directly cause an increase in-
also analysed. coolant invc story by increasing the feedwater

flow.
15.1.13.2 Results

The' ABWR feedwater control system uses a
Because the power increase during this event . triplicated digital control system, instead of a

is relatively slow,it can be treated as a quasi single chennel analog system as used in current
steady state transient. The 3 D core simulator, BWR designs (BWR 2-6). The digital systems
Panacea, has been used to evaluate this event for cons!st of a triplicated fault tolerant digital
the equilibrium cycle. The results t.re suw controller, the operator control stations and
marized in Tables 15.12 and 15.12a. displays. The digital controller contains three

parallel processing ebannels, each containing
The MCPR response of this event is small due _ the microprocessor based hardware and associated

to the m!Li thermal power increase with shifting - softwire necessary to perform all the control.
axial shape. The worst a CPR response is 0.07, calculations. The operator interface provides

information regarding system status and the gNo scram is initiated in this event. The regr4 ired control functions.
increased core inlet subcooling aids thermal
margins Nuclear system pressure does not change Redundant transmitters are provided for key

2significantly (less than 0.4 Kg/Cm ) and . process inputs, and input voting and validation
consequently, the reactor coolant pressure are provided such that faults can be identified
boundary is not threatened, and isolated.- Each system input is triplicated

internally and sent_to the three processing
15.1.1.4 Barrier Performance _ channels. (See Figure 15.11)- The channels

-will produce the same output during normal
- As noted previously the conseguences of this operation. Interprocessor communication

event do not result in any tem erature or provides self diagnostic capability. A two-out-
pressure transient in excess of th: criteria for- of three voter compares the processor outputs to
which the fuel, pressure vessel containment generate a validated output to the control>

'
are designed; therefore, these barriers maintain : actuator. A separate voter is provided for each

| their integrity and function as de,igned, actuator. {A 'ringbacL*. feature feeds back.the
| Cnal voter output _to the processo'rs. ' A voter
| 15.1.15 Radiological Consequences failure will thereby be detected and alarmed.

In some cases a protection circuit will lock the
Because this event does not result in any fuel _ actuator into its existing position promptly

. failures or any release of primary coolant to after the failure is ' detected.
- either 6.3 secondary containment or to the
enviroQunt, there are no radiological;
consequences associated with mis event.

O
Amendment 21 15.1-2 .



ABWR 2mumn
Standard Plant uv. c

Table 15.13 lists the failure modes of a remaining feedwater pump will decrease to offsetp) triplicated digital control system and outlines the increased flow of the failed pump. The(
:he effects of each failure. Because of the effect on total flow to the vessel will not be
triplicated architecture, it is possible to take significant. The worst additional single fail-

to their maximum capacity. liowever the proba- |
ure would cause all feedwater pumps to run outone channel out of service for maintenance or

repMr while the system is on line. Modes 2 and,

5 of Table 15.13 address a failure of a bility of this to occur is extremely low (Ic..
component while an associated redundant component than 7 x 10 5 failure per reactor year),
is out of service. This type of failure could
potentially cause a system failure. However, the 15.1.2.1.2 Frequency Classification
probability of a component failure during servi-
cing of a counterpart component is considered to 15.1.2.1.2.1 Runout of One Feedwater Pump
be so low that these failure modes will not be
considered incidents of moderate frequency, but Although the frequency of occurrence wr this
will be considered limiting faults, event is less than once pcr 100 reactor years,

this event is conservatively evaluated as an
Adverse effects minimization is mentioned in incident of moderate frequency,

the effects of Mode 2. This feature stems from
the additional intelligence of the system 15 G1.2.2 Feedwater Controller Fallure -
provided by the microprocessor. When possible, * mem Demand
the system will be programmed to take action in
the event of some failure which Hil red e the ac frequency of occurrence for this event is
severity of the transient. For exam .., if ti,e estimated to be less than once per 10000 years.e
total steam flow or total feedwater flow signals It should be classified as a limiting fault as
failed, the feedwater control system will detect specified in Chapter 15 of Regulatory Guide
this by the input reasonability checks and 1.70. Nonethelms, the criteria of moderate |

(V automatically switch to one-element mode (i.e., frequent incidenu are conservatively applied to~T
control by level feedback only). The level this event.
control would essentially be unaffected by this
failure. 15.1.2.2 Sequence of Events and Syste..es

Operation
The only credible single failures which would

lead to some adverse affect on the plant are 15.1.2.2.1 Sequence of Events
Modes 6 and 7, a f&re of the output voter and
a control actuator failure. Both of these 15.1.2.2.1.1 Runout of One Feedwater Pump
failures would lead to a ioss of control of only
one actuator (i.e., only one feedwater pump with With momentary increase in fcedwater flow,
increasing flow). A voter failure is detected by the water level rises and then settles back to
the ringback feature. The FWCS will initiate a its normal level. Table 15.1-4 lists the
lock-up of the actuator upon detection of the sequencing of events for Figure 15.12.
failure. The probabilities of failure of the
variety of control actuators are very low based 15.1.2.2.1.2 Feedwater Controller INi ure -
on operating experience (less than 0.0088 Maximum Demand
failures per reactor year). In the event of one
pump run-out, the FWCS would then reduce the With excess feedwater fi, , the water level
demand to the remaining pump, thereby rises to the high-level reference point, at
automatically compensating for the excessive flow which time the feedwater pumps and the main
from the failed pump. Therefore, the worst turbine are tripped and a scram is initiated.
single failure in the feedwater control system Table 15.15 lists the sequence of events for
causes a run-out of one feedwater pump to its Figure 15.1-3. The figure shows the changes in
maximum capacity. However, the demand to the important variables during this transient.

U
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15.1.2.2.13 Identification of Operator
Actions

15.1.2.2.1 3.1 Runout of One Feedwater Pump

Because no scram occurs for runout of one
feedwater pump, no itamediate operator action is

;

O

O
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required. As soon as possible, the operator assumed to be 75% of rated flow at the designem
Q should verify that no operating limits are being pressure of 74.9 Kg/Cm g. The total feedwater2

exceeded. Also, the operator should determine flow for all pumps runout is assumed to be 130% | |

the cause of failure prior to returning the of rated at the design pressure of 74.9
2system to normal. Kg/Cm g,

15.1.2.2.1 3.2 Feedwater Controller Failure - 15.1.23.2 Results
Maximum Demand

15.1.2.3.2.1 Runout of One Feedwater Pump
The operator should:

The simulated runout of one feedwater pump
(1) observe that high feedwater pump trip has event is presented j Figure 15.1-2. When the

terminated the failure event; increase of feedwater flow is ;ensed, the
feedwater controller starts to command the

(2) switch the feedwater controller from auto to remaining feedwater pump to reduce its flow
manual control to try to regain a correct immediately. The vessel water level increases
output signal; and slightly (about 6 inches) and then settles back

to its normal level. The vessel pressures only
2(3) identify causes of the failure and report increase about 0.1 Kg/Cm . MCPR remains above

all key plant parameters during the event, the safety limit.,

15.1.2.2.2 Systems Operation 15.1.23.2.2 Feedwater Controller Failure -
Maximum Demand

15.1.2.2.2.1 Runout of One Feedwater Pump
The simulated runout of all feedwater pumps

Runout of a single feedwater pump requires no is shown in Figure 15.13. The high water level
O protection system or safeguard system operatica. turbine trip and feedwater pump trip are init-O This analysis assumes normal functioning of plant lated at approximately 18 seconds. Scram occurs

instrumentation and controls, and limits the neutron flux peak and fuel ther-
msl transient so that no fuel damage occurs. It

15.1.2.2.2.2 Feedwater Controller Fahure - is calculated that the MCPR is right at the
Maximum Demand safety limit. Therefore, the design limit for

the moderate frequent incident is met. The tur.
To properly simulate the expected sequence of bine bypass system opens to limit peak pressure

events, the analysis of this event assumes normal in the steamline near the SRVs to 82.8Kg/Cm g2

functioning of plant instrumentation and and the pressure at the bottom of the vessel to
2controls, plant protection and reactor protection about 84.9 Kg/Cm g,

systems. Important system operational actions
for this event are high level tripping of the The level will gradually drop to the Low
main turbine and feedwater pumps, scram and Level reference point (Level 2), activating the
recirculation pump trip (RPT) due to turbine RCIC system for long-term level control.
trip, and low water level initiation of the
reactor core isolation cooling (RCIC) system to The applicant will provide reanalysis of this
maintain long term wate" level control following event for the specific core configuration,
tripping of feedwater pumps.

15.1.2.4 Harrier Performance
15.1.23 Core and System Performance

As previously noted the consequence of this
!5.1.23.1 Input Parameters and Initial event does not result in any temperature or
Conditions pressure transient in excess of the criteria for

which the fuel, pressure vessel or containment
The runout capacity of one feedwater pump is are designed; therefore, these barriers raintain

IV)
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that water level swells to the sensed level trip this event,
setpoint (L8), init ating main turbine and8

| feedwater pump trips. Position switches on the 15.1.4 Inadvertent Safety / Relief Valve
turbine stop valves initiate reactor scram and a Opening-

| trip of 4 RIPS.
15.1.4.1 Identification of Causes and

After a presssurization resulting from the Frequency Classification
turbine stop valve closure, pressure again drops
and coatinues to drop until turbine iniei 15.1.4.1.1 Identification of Causes
pressure is belosv the low turbine pressure
isolation setpoint when main stearn'iine isolation Cause of inadvertent opening is attributed to
finally terminates the depressurization. The malfunction of the valve or an operator
turbine trip and isolation limit the duration and initiated opening. It is therefore simply
severity of the depressurization so that no postulated that a failure occurs end the event
significant thermal stresses are imposed on the is analyzed accordingly. Detailed discussion of -
reactor coolant pressure boundary. No the valve design is provided in Chapter 5.
significant reduction in fuel thermal margins
occur; therefore, this event does not have to be 15.1.4.1.2 l'requency Classification
analyzed for specific core configurations.

' This transient disturuance is categorized as
15.1.3.4 Barrier Performance an infrequent incident.

Barrier performance sa: lyses were not required 15.1.4.2 Sequence of Events and Systems
because the consequences of this event do not Operation
result in any temperature or pressure transient
i t. excess of the criteria for which fuel, 15.1.4.2.1 Sequence of Events
pressure vessel or containment are designed.

O I ourins the eveni ef inadverteni evenin8 ef aii Tahie 13.18 iists ize scenence of events fer
4

turbine control and bypass valves, peak pressure this event.
in thg bottom of the vessel reaches 81.84

'
kg/cm g, which is below the ASME etde limit of 15.1.4.2.1.1 Identification of Operator
96.7 kg/cm*g for the reactor coolant pressure Actions!

boundayy. Vessel dome pressure reaches 80.4
kg/cm g, below the setpoint of the second The plant operator must reclose the valve as
pressure relief group. _ yinimum vessel dome soon as possible and check that reactor and T-G

| pressure of 50.6 kg/cm- g occurs at about 40 output return to normal. If the valve cannot bc
,

seconds, closed, plant shutdown should be initiated,
i

f

| 15.13.5 Radiological Consequences 15.1.4.2.2 Systems Operation

While the consequences of this event do not This event assumes normal functioning of
result in any fuel failures, radioactivity is normal plant instrumentation and controls,

| nevertheless discharged to the suppression pool specifically the operation of the pressure
|- as a result of SRV actuation. However, the mass regulator and level control systems.
| input, and hence_ activity input, for this event
| is much less than those consequences identified 15.1.43 Core and System Performance

in Subsection 15.2.4.5 for Type 2 events.
Therefore, the radiological exposures noted in

The opening of one SRV allows steam to be - |Subsection 15.2.4.5 cover the consequences of

|
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! discharged into the suppression pool. The - chosen, the release will be in accordance with -

.

sudden increase in the rate of steam flow leaving the established sechnical specifications; there-
the reactor vessel causes a mild depressurization ' fore, this event, at-the worst, would only

; transient. result in a small increase in the yearly inte -
. grated exposure level.'

The SB&PCS senses the nuclear system pressure4

decicase and_within a few seconds closes the 15.1.5 Spectrum of Steam System Piping
turbine control valves far enough to stabilize Failures Inside and Outside Containment;

the reactor vessel pressure at a slightly lower in a PWR
value and the reactor settles at nearly the*

initial power level. Thermal margins decrease This event is not applicable to BWR plants.+

3 only slightly through the transient, and no fuel . .

I

,

damage results from the transient. MCPR is 15.1.6 Inadvertent RHR Shutdown Cooling
; essentially unchanged and , therefore, the' safety Operation

limit margin is unaffected and this event does
not have to be reanalyzed for specific core 15.1.6.1 Jdentification of Causes and

I configurations. Frequency Classification

: The discharge of steam to the suppression pool 15.1.6.1.1 Identification of Causes
causes the temperature of the suppression pool to
increase. When the pool temperature reaches the At design power conditions, no conceivable
setpoint of-43.3 C (1100F), the suppression mtilfunction in the shutdown cooling system could

_

pool cooling function of the RHR system is cause a temperature reduction.
automatically initittted. - The pool temperatere

~*

continues to increase due to the mismatch of in startup or cooldown operation, if the
cooling capacity and steam discharged into the reactor were critical or near critical, a very
pool. When the pool temperature reaches the ne).t _ slow increase in reactor power cou'd result. A g
setpoint of 48.90C (1200F), a reactor Scram shutdown cooling malfunction leading to a inoder-4

,i automatically initiated, ate temperature decrease could result from mis-3

operation of the cooling water controls for the,

15.1.4.4 Barrier Performance RHR heat exchangers. The resulting temperature ;

decrease would cause a slow insertion of posi-
As presented previously, the ta ansient - tive reactivity into the core. If the operator

*

resulting from a stuck open relief valve is_a did not act to control the power level, a high
mild depressurization which is within the range- nautron flux reactor scram would terminate the

: of normal load following and therefore has no transient without violating fuel thermal limits
|- significant effect on RCPB and containment design _ and without any measurable increase in nuclear

pressure limits. systenL pressure.
;

15.1.4.5 Radiological Consequences 15.1.6.1.2 Frequency Classification
a

While the consequence of this event does not Because no single failure could causc this
~

result _ in fuel failure, it does result in th'e , event, it should be categorized as a limiting.
discharge of normal coolant activity to the fault. _ However, criteria for moderate frequent

'

cuppression pool via SRV operation. Because this incidents are' c' onservatively applied.
activity is contained in the primary' containment,-
there will be ao exposures to operating person. 15.1.6.2 Sequence of Events and Systems<

nel. Because'this ' event does not result in an - Operation
-uncontrolled release to the environment, the.

plant operator can choose to leave the activity 1 5.1.6.2.1 Sequence of Events1

bottled up in the containment or discharge it to
'

the environment under controlled release con- A shutdown cooling malfunction leading to a
ditions. If purging of the containment is moderaior temperature decrease could result from _h.-

.

Amendment 21 15.1-8
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n misoperation of the cooling water controls for Because this event does not result in any

Q RHR heat exchangers. The resulting temperature fuel failures, no analysis of radiological
decrease causes a slow insertion of positive consequences is required for this event,
reactivity into the core. Scram occurs before
any thermal limits are reached if the operator
does not take action. The sequence of events for
this event is shown in Table 15.1-9.

15.1.6.2.2 System Operation

A shutdown cooling malfunction causing a mod-
erator temperature decrease must be considered in
all operating states. However, this event is not
considered while at power operation because the
nuclear system pressure is too high to permit
operation of the shutdown cooling mode of the
RHRs.

No unique safety actions are required to avoid
unacceptable safety results for transients as a
result of a reactor coolant temperature decrease
induced by misoperation of the shutdown cocJing
heat exchangers. In startup or cooldown
operation, where the reactor is at or near
critical, the slow power increase resulting from
the cooler moderator temperaturc. is controlled by

(7 the operator in the same manner normally used to
's) control power in the startup range.

15.1.63 Core and System Performance

The increased subceling caused by mis-
operation of the RHR shutdown cooling mode could
result ir. a slow power increue due to the re-
activity ir.sertion. This power rise is termin-
ated by a flux scram before fuel thermal limits
are approached. Therefore, only qualitative
description is provided here and this event does
not have to be analyzed for specific core
Co n fig u.r a tion.

15.1.6A Barrier Performance

As previously presented, the consequences of
this event do not result in any temperature or
pressure transient in excess of the criteria for
which the fuel, pressure vessel or containment
are designed; therefore, these barriers maintain
their integrity and function as designed.

15.1.6.5 Radiological Consequences

/~'a
'w)
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- Table 15.1 1

.O- -

SEQUENCE OF EVENTS FOR LOSS OF FEEDWATER llEATING

TIME (sec) EVENT |

Initiate a 55.6 C (or 16.70C) temperature0-0
reduction in the feedwater system

5 Initial effect of unheated feedwater starts to
raise core power level .-

100(est.) Reactor variables settle into new steady state

-t

Table 15.12
,

LOSS OF 55.6"C FEEDWATER IIEATING -
,.

. BOC' to EOC*

Change in

Cem Power (%) -12.8

!. .

'

'

Change in
MCPR 0.07

Table 15.12a

LOSS OF 16.70C FEEDWATER HEATING

BOC' to EOC*
.

Change in

Core Power (%) - 3.9

Change in .
MCPR 0.02

-

BOC=Beginning of Cyste -*

EOC=End of Qtle

10
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Table 15.13 g

SINGLE FAftURE MODES FOR DIGITAL CONTROLS

MODES DESCRIFilON - EFFECTS

1. Criticalinput failure None-
Redundant transmitter takes over-
Operator informed of failure

2. Input failure while one Possible system failure. Adverse
sensor out of service effects minimized when possible

,

3. Operator switch single None.
contact failure Triplicated contacts

4. Processor channel failure None-
Redundant processors maictain control;
Operator informed of failure

5. Processor failure while one System failure
channel out of senice

6. Voter failure Loss of control of one actuator 'i.e., one
feedwater pump only) FWCS will lock up

gactuators

7. Actuator failure Loss of one actuator (i.e., One feedwater pump
only)

O
15.1 11
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Table 15.1-4
' O

SEQUENCE OF EVENTS FOR FIGURE 15.12
;

IIME fsee) EVENTS

0 Initiate simulated runout of one feedwater pump (at system design pressure -'

2of 74.9 Kg/Cm g the pump runout flow is 75% of rated feedwater flow)
,

; ~ 0.1 Feedwater controller starts to reduce the feedwater flow from the other
4 feedwater pump
i:

16 d Vessel water level reaches its peak value and starts to return to its
'

normal value -

~60 (est.) Vessel water level returns to its normal value.,

4

4

Table 15.15

SEQUENCE OF EVENTS FOR FIGURE 15.13

i
. IIP"'trsl EVENT

'

0 Initiate simulated runout of all feedwater pumps (130% at system |
2design pressure of 74.9 Kg/Cm g on feedwater flow)

1835 L8 vessellevel setpoint initiates trip of main turbine and
feedwater pumps.

i - 1836 Reactor scram and trip of 4 RIPS are actuated by stop valve
position switches

|

18.5 Main turbine bypass valves opened due to turbine trip-

|

20.1 SRVs open due to high pressure

> 25 - SRVs close

,

>40 (est.) . Water level dropped to low water level setpoint (Level 2)
|

> 70 (est.) RCIC flow into vessel (not simulated) -

[

.
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Table 15.16 h
SEQUENCE OF EVENTS FOR FIGURE 15.14

TI M E (sec) EVENTS

0 Simulate one bypass valve to open

~ 0.5 Pressure control system senses the decrease of reactor pressure and
commands control valves to close

5.0 Reactor settles at another steady state

Table 15.17 -

SEQUENCE OF EVENTS FOR FIGURE 15.15

TIME (sec) EVENTS-

0 Simulate all turbine control valves and bypass valves to open.

2.8 Turbine control valves wide open.

2.87 - Vessel water level (L8) trip ir tiates main turbine and g-
feedwater pump trips.

2.9 Mein turbine stop valves reach 85% open position and initiates
reactor scram and trip of 4 RIPS.

2.97 Turbine stop valves closed.

S

17.2 Vessel water level reaches L2 satpoint. The remaining 6 RIPS .
are tripped. RCICisinitiated.

36.2 Low turbine inlet pressure trip initiates main steamline isolation

|
. .

L - 41.2 Main steam isolation valves closed. Bypass valves remain open,-

exhaustmg steam m steamlines downstream ofisolation valves.

47.2 (est.) . RCIC Dow enters vessel (not simulated).

! O
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Q TAllLE 15.1-8 j

SEQUENCE OF EVENTS FOR INADVERTENT SAFETY \ RELIEF VALVE OPENING

TI M E (sec) EVENT

0 Initiated opening of one SRV.

0.5 (est.) Relief flow reaches full flow.

15 (est.) System establishes new steady-state operation.,

! 750 (est.) _ Suppression pool temperature reaches setpoint; suppression pool
! cooling function is initiated.

1200 (est.) Suppression pool temperature reaches setpoint; reactor scram is
, automatically initiated.

; TAELE 15.19

SEQUENCE OF EVENTS FOR INADVERTENT 7tHR SHUTDOWN
COOLING OPERATION.

f. APPROX 1h1 ATE
~

EIAPSED TIME EVENT

0 Reactor at states B or D (of Appendix 15A) when
RHR shutdown cooling inadvertently activated.

010 min. Slow rise in reactor power.

| + 10 min. Operator may take action to limit power rise. Flux scram will
occur if no action is taken.

)

1
|

'

tv
(
,
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15.2 INCREASE IN REACTOR PRESSURE control processors, called ' pressure regulator- ,

downscale failure ' However, the probability of !I

15.2.1 Pressure Regulator Failure- Closed this event to occur is extremely _ low (less than i
7x10 ' failure per reactor year), and hence.

1 15.2.1.1 Identification of Causes and Frequency the event is considered as a limiting fault.
Classification

| 15.2.1.1.2 Frequency Classification-
15.2.1.1.1 Identification of Causes

_

15.2.1.1.2.1 Inadvertent Closure of One Turbine
i The ABWR steam bypass and pressure control Control Valve
| system (SB&PCS) uses a triplicated digital con-
j trol system, instead of an analog system as used This event is conservatively treated as a

,

in BWR/2 through BWR/6. The SB&PCS controls moderate frequency event, although the voter /s-

turbine control valves and turbine bypass valves actuator failure rate is very low (0.0088-
to maintain reactor pressure. As presented in failure per reactor year).,

Subsection 15.1.2.1.1, no credible single failure,

! in the control system will result in a minimum 15.2.1.1.2.2 Pressure Regulator Downscale'
demand to all turbine control valves and bypass ' Failure

. valves. A voter or actuator failure may result
_

j in an inadvertent closure of one turbine control The probability of occurence of this event is
| valve or one turbine bypass valve if it is open calculated to be less than 7x10 5 per' year as

at the time of failure. In this case, the SB&PCS ; shown in Appendix 15D. This event is treated as
will sense the pressure change and command the a limiting fault.

! remaining control valves or bypass-valves, if
needed, to open, and thereby automatically miti. 15.2.1.2 Sequence of Events and System

j- gate the transient and try to maintain reactor - Operation
, . power and pressute.

,

Inadvertent Closure of One Turbine

'

i
_ _

15.2.1.2.1-
j Because turbine bypass valves are normally Contrcl Valve

closed during normal. full power operation, it is
- i

assumed for purposes of this transient analysis Postulating a actuator failure of the SB&PCS I
that a single failure causes a_ single turbine as presented in Su'oscetion 15.2.1.1.1 will cause

;- control valve to fail closed. Should this event one turbine control valve to close. The pres.
|- occur at full power, the opening of remaining sure will increase because the reactor is still
| control valves may not be sufficient to maintain _ generating the initial steam flow. The SB&PCS
t the reactor pressure, depending on the turbine will'open the remaining control valves and some

design. Neutron flux will increase due to void bypass valves. This sequence of events is' list--4

collapse resulting from the pressure increr e ' A ed in Table 15.2-la for Figure 15.2 la, for a.

; reactor scram will be initiated when the high fast closure, and in Table 15.2-1b for Figure
fiux scram setpoint is exceeded. 15.21b, for a slow closure,

f No single failure will cause the SB&PCS to 15.2.1.2.1.2 Pressure Regulator Downscale
'

isme erroneously a minimum demand to all turbine Failure
control valves and bypass valves. - However, as4

discussed in Subsection 15.1.2.1.1, multiple Table _15.2-2 lists the sequence of events.
_

failures might cause the SB&PCS to fail and for Figure 15.2-2.
~

~

'

erroneously issue a minimum demand. - Should this -
'

occur, it would cause full closure of turbine 15.2.1.2.1.3 Ident.lfication or' Operator
; controls valves as well as an' inhibit of steam Actions

bypass flow and.thereby increase reactor power,

and pressure. When this occurs, reactor scram The operator should:,
'

will be-initiated'when the high reactor flux
'

scram:setpoint is reached. This event is (1)_ monitor that all rods arc in;,

analyzed here as the simultaneous failure of two

Amendment 21 15.2-1.

:
!

i
,- , . . ~ . ,- .,,.i-_, ...,.._,._,.,~.-.-a -4- ,- ., #,m,,.,,,,..-%.. ,.,,,%c,,



ABWR 234siows
Standard Plant any c

(2) monitor re. .ctor water level and pressure; h
(3) observe turbine coastdown and break vacuum

before the loss of steam seals (check

O

t

O
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p setpoint for about 22%, assuming a 3% bypass
U turbine auxiliaries); bias. It is concluded from analysis that the

nominal setpoint for the maximum combined flow
(4) observe that the reactor pressure relief limits should be set at 115% for plants with

valves open at their setpointt full arc turbine admission, and at 125% for
plants with partial-arc turbine admission.

(5) monitor reactor water level and continue
cooldown per the normal procedure; and 15.2.1.2.2.2 Pressure Regulatu Downsenle

Failure
(6) complete the scram report and initiate a

maintenance survey of pressure regulator Analysis of this event assumes normal func-
before reactor restart. tioning of plant instrumentation and controls,

and plant protection and reactor prote-tion
15.2.1.2.2 Systems Operation systems. Specifically, this event takes credit

for high neutron flux scram to shut down the
15.2.1.2.2.1 Inadvertent Closure of One Turbine reactor. High system pressure is limited by the
Control Valve pressure relief valve system operation.

Normal plant instrumentation and control are 15.2.1.3 Core and System Performance
assumed to function. This event takes credit for
high t.utron flux scram to shut down the reactor. 15.2.1.3.1 Inadvertent Closure of One Turbine

Control Valve
After a closure of one turbine control valve,

| the steam flow rate that can be transmitted A simulated fast closure of one turbine con-
3

through the remaining three turbine control trol valve (2.5 seconds) is presented in Figure
valves depends upon the turbine configuration. 15.2 la. _ The analysis assumes that about 65% of

G For plants with full-arc turbine admission, the rated steam flow can pass through the remainingV steam flow through the remaining three turbine three turbine control valves.
control valves is at least 95% of rated steam
flow. On the other hand, this capacity drops to Neutron flux increases rapidly because of the
about 85% of rated steam flow for plants with void reduction caused by the pressure increase,
partial are turbine admission. Therefore, this When the sensed neutron flux reaches the itigh
transient is less severe for plants with full are neutron flux scram setpoint, a reactor scram is
turbine admission. in this analysis, cases with initiated. The neutron flux increase is limited
full-arc and partial arc turbine admission are to 124 % NBR by the reactor scram. Peak fuel
analyzed to cover all potential operating surface heat flux does not exceed 103.6% of its
conditions. '

initial value. MCPR for th!h uacsient is still
above the safety MCPR limit (ACPR =0.10).

This event is sensitive to the closure time of Therefore, the design basis is satisfied,
the turbine control valve, and the bypass
capacity available during this event. A wide A slow closure of one turbine control valve
range of closure time, including very slow is also analyzed as shown in Figure 15.21b. In
closure, has been assun.ed in the analys'.s. A this case, the neutron flux increase does not
fast closure causes the reactor to be scrammed on reach the high neutron flux scram setpoint.
high neutron flux trip, while a slow closure Since the available turbine bypass capacity is
allows the reactor to settle in another steady enough to bypass all steam flow not passing
state, thiough the remaining three turbine control

valves, the reactor power settles back to its
The turbine bypass capacity during this event steady state. During the transient, the peak

is controlled by the setpoint of the maximum com- fuel surface heat flux does not exceed 1034% of
b.:.ed steam flow limits in the pressure control its initial value. MCPR is still above the
system. A nominal 115% setpoint will allow for safety limit (ACPR =0.09). Therefore, the

t about 12% bypass capacity, while a nominal 125% design basis is satisfied.

Amendmen: 21 15.2-2
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The applicant will provide reanalysis of this |
event for the specific core configuration.

15.2.1 3.2 Pressure Regulator Downscale
Failure

A pressure regulator downscale failure is
simulated at 102% NBR power as shown in Figure
15.2 2.

Neutron flux increases rapidly because of the
void reduction caused by the pressure increase.
When the sensed neutron flux reaches the high
neutron flux scram setpoint, a reactor scram is
initiated. The neutron flux increase is limited
to ?55% NBR by the reactor scram. Peak fuel
surface heat flux does not exceed 103% of its
initial value. It is estimated less than 0.2% of
rods will get into transition boiling.
Therefore, the design limit for the limiting
fault event is met.

15.2.1.4 Ilarrier Performance

I
| 15.2.1.4.1 Inadvertent Closure of One Turbine
! Control Valve

Peak, pressure at the SR valves reaches 74.5
Kg/Cm g. The peak vessel bottom pressure4

2reaches 78.2 Kg/Cm g, below the transient
2pressure limit of 96.7 Kg/Cm g,

15.2.1.4.2 Pressure Regulator Downscale Failure

Peak pressure at the SRVs reaches 851
2Kg/Cm g. The peak nuclear system pressure

2reaches 87.4 Kg/Cm g at the bottom of the
vessel, below the nuclear barrier pressure limit.

15.2.1.5 Radiological Consequences

15.2.1.5.1 Inadvertent Closure of One Turbine
Control Valve

The consequences of this event do not result
in any fuel failures, nor any discharge to the
suppression pool. Therefore, the radiological
exposures noted in Subsection 15.2.4.5 cover the
consequences of this event.

|

|

Amendment 21 t5.2-2.1
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15.2.1.5.2 Pressure Regulator Downscale Failure This event is categorized as an incident of
; p(j moderate frequency.

.

. During this event,'less than 0.2% of fuel rods
,

i get into transition boiling. No fuel failures 15.2.2.1.2.2 Generator Load Rejection with

n - are expected. However it is con servatively Failure of One Bypass Valve
' assumed that 0.2% of fuel rods fail in the
: radiological dose calculation. The results show This event should be categorized as an

that both, the whole body dose and thyroid dose, infrequent event. However, criteria for !;

are well within 10% of 10CFR100 requirements, moderate frequent incidents are conservelively-
;. Therefore, the acceptance criteria are met. applied.

L 15.2.2 Generator Load Rejectiott 15.2.2.1.2.3 Generator Load Rejection with
g Failure of All Hypass Valve.1 -
| 15.2.2.1 Identification of Causes and Frequency
| Classification Frequency: <3.6x10''/ plant year
!

! 15.2.2.1.1 Identification of Causes . Frequency Basis: Thorough search of domestic
j plant operating records have revealed three
| Fast closure of the turbine control-valves instances of bypass failure during 628 bypass
i (TCV) is initiated whenever electrical grid system operations. This gives a probability of-
; disturbances occur which result in significant bypass failure of 0.0048. Combining the actual
; loss of electrical load on the generator. The frequency of a generator load rejection with the

.

turbine control valves are required to close as failure rate of bypass yields a frequency of a
rapidly as possible to prevent excessive generator load rejection with bypass failure of
overspeed of the tuibine-generator (T G) rotor. 0.0036 event / plant year. With the triplicated,

Closure of the main turbine control valves will fault-tolerant design used in ABWR, this failure1

} cause a sudden reduction in steam flow, which frequency is lowcred by at least a factor of
!-~ results in an increase in system pressure and 100. Therefore, this event should be classified
i reactor shutdown, as a limiting fault, However, criteria for
; moderate frequent incidents are conservetively
|- After sensing a significant loss of electrical applied.
: load on the generator, the turbine control valves
j are commanded to close rapidly. At the same. 15.2.2.2 Sequence of Events and System -
!- tinee, the turbine bypass valves are signaled to Operation
; open in the ' fast" opening mode by the Steam
| Bypass and Pressure Control System (SB&PCS),- 15.2.2.2.1 Sequence of Events
i which uses a triplicated digital controller. As
! presen*cd in Subsection 15.1.2.1.1, no single 15.2.2.2.1.1 Generntor Load Rejection-Turbine

failure can cause all turbine bypass valves fail Control Valve Fast Closure,

to open on demand. The worst single failure can-

. only cause one turbine bypass valve fail to open - A loss of generator electrical load from high
on demand. Therefore, the probability of this to- power conditions produces the sequence of events

1 occur is very low (less than one failure every 11 listed in Table 15.2-3.
year). Therefore, generator load rejection with

| failure of one turbine bypass valve is considered - 15.2.2,2.1.2 Generator Load Rejection with
; an infrequent event; while generator load Failure of One Bypass Valve
; rejection with' failure of all turbine bypass

valves is a limiting fault. A loss of generator. electrical load from -;.
;- high power conditions with failure of one bypass

15.2.2.1.2 Frequency Classification valve produces the sequence of events listed in,

Table 15.2-4.e

'

O
- 15.2.2.1.2.1 Generator Load Rejection -

.

4
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'15.2.2.2.1.3 Generator Load Rejection with
Failure of All Bypass Valves

A loss of generator electrical load at high
power with failure of all bypass valves produces
the sequence of events listed in Table 15.2 5.

15.2.2.2.1.4 Identification of Operator
Actions.

The operator should:

(1) verify proper bypass vahe perforrnance;

(2) observe that the feedwater/ level controls
have maintained the scactor water level at a
satisfactory value;

.

(3) observe that the pressure regulator is
controlling reactor pressure at'the desired
value;

(4) observe reactor peak power and pressure ;
and

(5) verify relief valve operation.
.

-~ Amendment 21 15.2 3.1 :
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Table 1f.2.la
O2-

| SEQUENCE OF EVENTS FOR FIGURE 15.2.i.e
4

TihlE (sec) DTNT,

s

O Simulate one main turbine control valve to fast close.

O Failed turbine control valves start' to close.

| 3.0 Neutron flux reaches high flux scram setpoint and initiates a reactor scram.
i

j 2.8 Turbir.e bypass vakes start to open.

| 8.1 Water level reaches level 3 set 9oint, Four RIPS are tripped.

'
Table 15.21b

;

SEQUENCE OF EVENTS FOR FIGURE 15.21b

j TIh1E (sec) DTNT

0 Simulate one main .rbine valve to slow close.

O Failed turbine control valve starts to close.

16.0 Neutron flux reaches its peak. No scram in initiated.

I 15.6 Turbine bypass vahrs start to open.

~30 Reactor power settles back to steady state.
,

{ Table 15.2-2

. SEQUENCE OF DTNTS FOR FIGURE 15.2 2
..

TINTE (sec) BTNT,

0 . Simulate zero steam flow demand to main turbine and bypass valves,
i.

-0 Turbine control vahrs start to close.
1

1.0 Neutron flux reaches high flux scram setpoint and initiates a reactor scram.

2.4 Four RIPS are tripped due to high dome pressure.

2.6 Safety / relief valves open due to high pressure. -

8.9 Safety /rclief valves close,
t

9.4 Group 1 safety / relief valves open again to relieve decay heat

. 9.8 Group 2 safety / relief valves open again to relieve decay heat.

15 (est.) - - Safety / relief valves close.

, Amendment 21 13.2-18
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Table 15.2 3 ,

SEQUENCE OF EVENTS FOR FIGURE 15.2 3

TIME isec) EVENT
,

(-)0.015 Turbine generator detection ofloss of electricalload.
7

0.0 Turbine-generator load rejection sensing devices trip to initiate turbine
control valves fast closure and main turbine bypass system operation.

|0.0 Fast control valve closure (FCV) initiates reactor scram and a trip of 4 RIPS.

0.07 Turbine control valves closed.

0.1 Turbine bypass valves start to open.

1.9 Safety / relief valves open due to high pressure.

7.0 Safety / relief valves close.

Table 15.2-4

SEQUENCE OF EVENTS FOR FIGURE 15.2-4

gTI M E fsec) EVENT

(-)0.015 Turbine-g nerater d*ection ofloss of electricalload.

0.0 Turbine-generator load rejection sensing devices trip to initiate turbine
control valms fast closure and main turbine b' pass system operation.y

0.0 One turbine bypass valve fails to operate on demand.

|0.0 Fast control valve closure (FCV) initiates reactor scram and a trio of 4 RIPS.

0.07 . Turbine control valves closed.

0.1 Remaining bypass valves start to open.

1.6 Safety / relief valves open due to high pressure.

| 6.9 Safety / relief valves close.

.

Amendment 15 15.2-19
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15.3 DECREASE IN REACTOR COOIANT cause three RIPS to trip.
SYSTEM FLOW RATE

A loss of AC power to station auxiliaries may
15.3.1 Reactor Internal Pump Trip cause some RIPS to trip 110 wever, not all RIPS-

could be tripped at the same time due to the M/G
15.3.1.1 Identircation of Causes and Frequency sets. Transients caused by a loss of AC power
Classification are discussed in Subsection 15.2.6.

15.3.1.1.1 Identification of Causes

Ret.ctor internal pump (RIP) notor operation
can be tripped off by design for intended
reduction of other transient core and RCP11
effects, as well as randomly by unpredictable The effect of additional single failure on
operational failures. Intentional tripping will this event (i.e., trip of three RIPS) is the |
occur in response to : tripping of additional RIPS. For example, if an

additional power bus fails at the same time, the
(1) reactor vessel water level L3 setpoint trip number of RIPS tripped are five or six,instead

| (4 HIPS); of three. l{owever, the probability of this
occurring is low (less than 10.e per year as _ i

(2) reactor vessel water level L2 setpoint trip shown in Appendix 15C). Therefore, this event

| (the other 6 RIPS); is classliied as a limiting fault. The
probability that exactly 1, or 2, or...10 out

_ (3) TCV fast closure or stop valve closure (the of 10 RIPS will trip simultaneously is evaluated

|
same e RIPS as L3 trip); in Appendix 15C. From this evaluation, it is

concluded that any trip of more than 3 RIPS

O (4) high pre sure setpoint trip (the same 4 kips simultaneously should be classified as a
as L3 trip); limiting fault, in this analysis, an analysis

of trip of all RIPS is provided to bound the
(5) motor overcurrent protection (single pamp); events in their limiting fault category.

and
When a rapid core flow reduction caused by a

(6) motor overload and short circuit protectior trip of all RIPS is sensed, a reactor s' cram is
(single pump). Initiated to terminate the power generation.I ,

The core flow reduces rapidly due to the
Random tripping will occur in response to: relatively small inertia of the RIPS. Ilowever,

nstural circulation is still available to keep
(1) operator error; the reactor core coArad and cooled.

(2) loss of electrical power source to the 15.3.1.1.2 Frequency Classification
,

pumps; and
15.3.1Jl.2.1 Trip of Hree Reactor Internal

,

| (3) equipment or sensor f ailures and Pumps
' - malfunctions which initiate the above

intended trip response. However, all trip This transler.t event is categorized as one of
logics use redundant digital designs. No moderate frequency.

| credible single failure will initiate any of

| the above intended trips. 15.3.1.1.2.2 Trip of All Reactor InternalL

Pumps
Thut, the worst single failure event is a loss

.of electrical power bus, which supplies power to This event is categorized as a limiting
. RIPS. Since four buses are used to supply power fault. For <tetailed evaluation of frequency of

.

to the RIPS, the worst single failure ca : only occurrence, see Appendix 15C,

.
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15.3.1.2 Sequen:e of Events and Systems system or safeguard system operation. This
Operation analysis assumes normal functioning of plant g

instrumentation and controls.
15.3.1.2.1 Sequence of Esenta

!!J.1.2.2.2 Trip of All Reactor Internal
153.1.2.1.1 Trip of Three Reactor Internal Pumps

Pumps
Antlysis of this event assumes normal func-

Table 15.31 lists the sequence of events for tioning of plant instrumentation and controls,
Figure 15.31. and plant protection and reactor protection

systems.
153.1.2.1.2 Trip of All Reactor Internal Pumps |

If a trip of all RIPS is caused by multiple i

Table 15.3 2 lists the sequence of events for failures in an electrical power supply to the
Figure 15.3 2. RIPS, a reactor scram will be initiated at time

0 due to load rejection or turbine trip at on.: |
'

15 3.1.2.1.3 Identification of 0perator Actions 0. For other causes a reactor scram will be
initiated upon the condition of high simulated

15.3.1.2.13.1 Trip of %ree Reactor Internal thermal power scram, turbine trip due to high
Pumps water level, or rapid core flow coastdown. liigh'

system pressure is limited by the pressure
Because no scram occurs for trip of three relief valve system operation.

RIPS, no immediate operator action is required.
As soon as possible, the operator should verify Since the event becomes more severe when the
that no operating timits are being execeded. The reactor scram delayed, the analysis
operator should also determine the cause of conservatively assumes that tbc reactor scram is
failure prior to returning the system to normal initiated by the last signal (i.e., core flow goperation. rapid coastdown scram). It is also

|
conservatively assumed that the event is caused

,

by a common mode failure in all ASD's, which'

15 3.1.2.1.3.2 Trip of All Reactor lo 4 ' results in a trip of all RIPS.
Pumps

153.13 Core and System Performance
The operator should ascertain that the reactor

scram is initiated. If the main turbine and 153.13.1 Input Parameters i id Initial

: feedwater pumps are tripped resulting from Conditions
! reactor water level swell, the operator should

regain control of reactor water level through Pump motors and pump rotors are simulated
RCIC operation, monitoring reactor water level with minimum specified rotating inertias. The
and pressure after shutdown. When both reactor nuclear conditions for the beginning of life
pressure and level are under control, the (BOC) are used to provide conservative bounding

|
operator should secure RCIC as necessary. The analysis,
operator should also determine the cause of the
trip prior to returning the system to normal 15.3.1.3.2 Results

operation.
153.13.2.1 Trip of Thrre Reactor Internal

153.1.2.2 Systems Operation Pumps

I 15 3.1.2.2.1 Trip of nree Reactor Internal Figure 15.31 shows the results of losing
i Pumps three RIPS. MCPR remains above the sately

-limit; thur, the fuel thermal limits are not
Tripping of three RIPS requires no protection violated. During this transient, level swell is

not sufficient to cause turbine trip and scram.
O

Amendment 21 15.3 2
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Figure 15.3 2 graphically shows this event 15.3.1.5.2 Trip of All Reactor internal Pumps ,

with the minimum specified rotating inertia for
the RIPS. The vessel water level swcli due to The approved procedures for radiological dose
rapid flow coastdown is expected to reach the calculation for this event are as hilows:,

high level trip, thereby tripping the main
turbine and feed pumps. Subseqi nt events, such (a) For fuel rods with less than or equal to 20
as initiation of the RCIC system occurring late GWD/T exposure, fuel failures are assumed if ,

in this event, have no signifi; ant effect on the the peak cladding temperature (PCT) stays
results. The peak clad temperature during this above 600oC for more than 60 seconds.
event is calculated to be less than 6000C,
which is below the applicable limit of 12000C. (b) For fuel rods with greater than 20 GWD/T
The cladding temperature during this event is exposure, rods that are in transition
shown in Figure.15.3 2a. The time that the boiling shall be assumed to fall radic-
cladding temperature is above the coolant logical dose calculations.
saturated temperature is less than 60 seconds,

.
.

and the peak cladding temperature is less than (c) The radiological doses shall be lees than
600oC, no fuel failure is expected. 10% of 10CFR100 requirements.

This event is vrry sensitive to the core As discussed in Subsecilon 15.3.1.3.2.2, the
condition. .It is expected that about 60% of the ' PCT during this event is less tahn 6000C and - .

rods will be in ' transition boiling at the the time at high temperature is less than 60 -
beginning of the core life, and about 6% at the seconds - Therefore, no fuel fai!ures need to be
end of the first fuel cycle. This value drops to assumed for fue rods with less than or equal to
about 4% at the end of the equilibrium cycle. 29 GWD/T exposure.
11owever, not fuel failures are expected.

In general, fuel rods with more than 20 GWD/T

O 153.1.4 Barrier Performance exposure are those remaining in the core for
more than two fuel cycles. In the equilibrium

153.1.4.1 Trip of Three Reactor Internal Pumps cycle, these fuel bundles enly account for about
45% of the total bundles. The power generated

The results shown in Figure 15.31 indicate by these bundles are usually 20% less than the
that peak pressures stay well below the 96.7 hottest bundles. Less than 0.2% of these rods

2Kg/cm g limit allowed by the applicable code, get into transition boiling. Therefore, the
Therefore, the barrier pressure boundary is not 10%% requirement of 10CFR100 are met.
threatened.

15.3.2 Recirculation Flow Control
15 3.1.4.2 Trip of All Reactor Internal Pumps Failure Decreasing Flow

The results shown in Figure 15.3.2 indicate 153.2.1 Identifi-ation of Causes ar.d
that peak pressures stay well below the limit Frequency Classification
allowed by the applicable code. Therefore, the

.

barrier pressure boundary is not threatened. 153.2.1.1 Identification of Causes .

153.1.5 Rad!ological Consequence The recirculation flow control system (RFCS)
uses a triplicated, fault tolerant digital-

_

c

153.1 (1 Trips of Three Reactor internal Pumps . control system, instead of an analog system as
used in BWR 2 through BWR 6. The RFCS controls

The consequences if this event will not result all ten reactor internal pumps (RIPS) at the
in any fuel failures, not any discharge to the 'same speed. As presented in Subsection
suppression pool. Therefore, the radiological 15.1.2.1.1,: no credible single failure in the
exposures noted in Subsection 15.2.4.5 cover the . control systen, williesult in a minimum demand J

t
. consequences of this e"ent. to all RIPt.. A voter or actuator failure may. |

result in an inad"ertent tunback of one RIP at |

I

|
,
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its maximuin drive speed (~40%/sec.). In this
case, the "P'S will sense the core flow change g
and comtrand Lae temsining RIPS to increase speeds
and the icby automatically mitigate the transient
and m6intain the core flow.

As presented in Subsection 15.1.2.1.1,
multiple failures in the control system might
cause the RFCS to erroneously issue a minimum
demand to all RIPS. Should this occur, all RIPS
could reduce speed simultaneously. Each RIP

ive has a speed limiter which limits the
. iar.imum speed change rate to 5%/sec. liowever,
the probability of this event occurring is low
(less than 7 x 10 8 failures per reactor year);
and hence, the event should be considered as a
limiting fault.

15 3.2.1.2 Frequency Classification

15 3.2.1.2.1 Fast Runback of One Reactor
internal Pump

The failure rate of a voter or an actuator is
about 0.0058 failures per reactor year. However,
it is analyzed as an incident of moderate
frequency.

O
15 3.2.1.2.2 Fast n inback of All Reactor
Internal Pumps

This eve 2t should be classified as a limiting
fault event, flowever, criteria for moderate
frequent incidents are conservatively applied.

153.22 Sequence of Events and Systems
Operation

153.2.2.1 Sequence of Events

153.2.2.1.1 Fast Runhack of One Reactor
Internet Pump

Table 15.3 3 lists the stquence of events for
Figure 1$.3 3.

!

l

l

O
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O' 15 3.2.2.1.2 Fast Runback of All Reactor Failure can result in the maximum speed of
laternal Pumps the RIP decreasing at a rate of 40%/sec as

limited by the pump drive.
Table 15.3 4 lists the sequence of evcats for

Firore 15.3 4. 15J.23.1.2 Fa;t Runback of All Reactor
laternal Pumps

15.3.2.2.13 Identification of Operator Actions
A downscale ft.ilu e of the rnaster controller

15.3.2.2.1 3.1 Fast Runback of One Reactor will generate a zero flow demand signal to all
Internal Pump RIPS. Each individual RIP drive has a speed

limiter which limits the maximum speed decrease
As soon as possible, the operator verifies to a rate of 5%/sec. Core flow decreases to

that no operating limits are being exceeded. The approximately 40% of rated. This is the flow ;

operator determines the cause of failure prior to expected when the RIPS are maintained at their
returning the system to normal. minimum speeds. j

153.2.2.1.3.2 Fast Runbark of All Reactor 153.2.33 Results !
Internal Pumps |

15J.23.2.1 Fast Runback on One Reactor
As soon as possible, the operator verifies Internal Pump

that no operating limits are being exceeded if
,

they are, corrective actions must be initiated. Figure 15.3 3 illustrates the fast runback of i
Also. the operator determines the cause of the one RIP event with the maximum rate which is

'

failurer prior to returning the system to normal. lin.ited by hydraulic means. The MCPR remains
above the safety limit. Therefore, this events

x 153.2.2.2 Systems Operation does not have to ba reanalyzed for specific care
configurations.

15 3.2.2.2.1 Fast Runback of One Reactor
Internal Pump 15 3.2.3.2.2 Fast Runback of All Reactor

Internal Pumps
Normal plant instrumentation and control is

assumed to function. Figure 13.3 4 illustrates the expected
event. Design of limiter operation is intended

153.2.2.2.2 Fast Runback of All Reactor to render this event to be less severe than the
laternal Pumps trip of all RIPS. No fuel damage is egected to

occur. Therefore, this event does not have to
Normal plant instrumentation and control is be rear:slyzed fo.t specific core configurations.

assumed to function,
15.3.2.4 Barrier Perforu < n

153.2.3 Core and System Performance
15.3.2.4.1 Fast Runback of One Reactor Internal

153.23.1 Input Parameters and Initial Pump
Conditions

Peak pressures are less thaa those for the
15.3.2.3.1.1 Fast Runback of One Reactor Fast Runback of All RIPS prev:sted in
Internal Pump S u b s e e t io n 15..).2.4.2.

\

s5 M
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! 15.8 ANTICIPATED TRANSIENTS WITil. eliminating the scram discharge volume
O ouTsCaiu <mechanicai cemmen mede reientiai fatiure> and

'

by having an electric motor run in diverse from'

! 15.8.1 Requirements the hydraulic scram feature.

SRP 15.8 requires a automatic recirculation This latter feature allows rod run in if
pump trip (RPT) and emergency procedures for scram alt header pressure is not exhausted

j ATWS. This SRP has been somewhat superseded by because of a postulated common mode electrical
; the issuance of 10CFR50.62, which requires the failure and simutaneous failure of the ARI
| BWR to have automatic RPT, an alternate rod system, and therefore satisfies the intent
! insertion (ARI) system and an automatic standby required by 10CFR$0.62. Thus, the design does

liquid control system (SLCS) with a minimum flow not need an SLCS to respond to an ATWS.

capacity and boron content equivalent to 86 gpm threatening event.
.

of 13 weight percent sodium pentaborate solution. !j
The SLCS it, required by 10CFR$0 Appendix A;.

15.8.2 Plant Capabilities Criterion and is described in Section 9.'

Because the new drive design climinates thei

For ATWS prevention / mitigation for ABWR, the previous common mode failure potential and
; following are provided: because of the very low probability of
; simultaneous modem failure of a large number of

: a. An ARI system that utilizes sensors and - drives, a failure to achieve shutdown is deemed
logic which are diverse and indeperfent incredible. Ilowever, automatic initiation of'

of the reactor protection system, SLCS under conditions indicative of an ATWS os 1

also oncorporated in order to meet the rule I
,

| b. Electricalinsertion of FMCRDs that also specified in 10CFR50.62, |

|
utilize sensors and logic which are

; diverse and independent of the reactor Supporting analysis is documented in Appendix
protection system, 15E.!

c. Automatic recirculation pump trip under4

| conditions indicative of an ATWS, and

d. Automatic initiation of SLCS with 100
; gpm capacity under conditions indicative
| of an ATWS.

The ABWR has the ATWS.RPT feature which
prevents reactor vessel overpressure and possible

,

short term fuel damage for the mor' limiting
postulated ATWS even':. The design details of
this system are given in Section 7.7. Emergency
procedures for ATWS are described in Chapter 18.d

Thus, the SRP 15.8 is satisfied.

"

The ATWS rule of 10CFR50.61 was written as
hardware. specific, rather than functionally,
because it' clearly reflected the BWR use of-

locking piston control rod drives. The ABWR
however, uses a fine motion control rod drive
(FMCRD) design with both hydraulic and electric
means to achieve shutdown. This drive design is
described in detail in Section 4.6. The use of

_

h' this design eliminates the common mode failure
potentials of the existing locking piston CRD by

- Amendment 21 tSS t i
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TAHLE 17.01
i Q AHWR COMPLIANCE WITil QUALITY RELATED REGULATORY GUIDES
1

i .
Regulatory Guide Rev. Commentsj

| 7 1.8 1 No exceptions.

R'

| 1.26 4 No exceptions.
;

| 1.28 3 Except for NRC accepted alternate positions docu-
mented in Table 21 of Referecce 1.! .

/g 1.29 3 ' No execptions,!

i e

} 130 0 No exceptions.

!-
1~ 137 0 Except fo- NRC accepted alternate positions docu-

mented in Table 21 of Reference 1.
!

138 2 Except for NRC accepted alternate positions docu.
mented in Table 21 of Reference 1.

I 139 2 No exceptions.

1.58 Superseded by Reg. Guide 1.28, Rev3 except for
NRC accepted altere, te positions documented in'

Table 21 of Reference 1.
.

O 1.e4 Surerseded bx Res. Guide l.28. Rev. 3 cxceri fer
NRC accepted alternate positions documented in
Table 21 of Reference 1..

4

| 1.74 Superseded by Reg. Guide 1.28, Rev. 3 ;

1.88 Supernded by Reg. Guide 1.28, Rev. 3 except for -;

I NRC accepted alternate positions documented in
Table 21 of Reference 1. ,

,
No exceptions. W' l be applied during construction.dg 1.94 1

4

1.116 0R Except for NRC accepted alternate positions docu-
mented in Table 21 of Reference 1.,

; .

1.123 Superseded by Reg. Guide 1.28, Rev. 3 except for
NRC accepted alternate positions documented in =
Table 21 of Reference 1.

1.144 SuperseJed by Reg. Guide 1.28, Rev3. [
1.146 Superseded by Reg Guide 1.28, Rev. 3 except for . 1

NRC accepted sh: ate positions as documented in
Table 'l 1 of Referce.c 1.

[
'

4

O--
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3 17.1 QUALITY ASSURANCE DURING requirements of the GE quality program These
J DESIGN AND CONSTRUCTION reviews found the OA programs of the technical

associates to meet GE requirements and the
17.1.1. Organization applicable reauirements of Appendix B to

10CFR50.
See Section 1 of Reference 1.

Agreements between GE and its associates re-
This section complies with Basic Requirement 1 quire an annual review to assure that the quali-

and Supplement 1S.1 of ANSI /AShtE NOA 11983. ty systems are being implemented. All associ-
ates are committed to correct discrepancies

The following additional information describes noted during these reviews,
the relationship between GE and its technical
associates. The Identification of safety related strue.

tures, systems, and components (Q list) to be
GE, with the support of major technical controlled by the quality assurance program is

associates, is designing the ABWR. This is a shown on Table 3.21. Additional items will be
common engineering effort to design and specify added to Table 3.21, as necessary,
systems and equipment from the standard plant
through major pbrchasing specifications. The 17.1.3 Design Control'

designs, specifications, and drawings are based
upon various joint development and engineering Sec Section 3 of Reference 1.
studies performed by GE and its associates.

This section complies with Basic Requirement
The lead responsibility to produce each speci- 3 and Supplement 3S l of ANSI /AShtE NOA-1-1983

fication and drawing is formally assigned to one as modified by the NRC accepted alternate posi.
design organization. However, the content of tion identified in Table 21 of Reference 1 re.

(] cach document is reviewed and approved by GE. lating to NRC Regulatory Guide 1.64, Revision 2.
\ While all common engineering documents reflect

the formal consensus of all parties, GE is The following additional information descrl-
responsible for the design ned the supporting bes the relationship between GE and its tech-
calculations and records for the ABWR project, nical associates.

17.1.2 Quality Assurance Prograrn GE and its associates control the review and
approval of ABWR desig,n documents with a proce.

See Section 2 of Reference 1. dure using the Engineering Review hiemorandum
(ERht). The lead design organiution prepares

This section complies with Basic Requirement 2 the document and circuhtes it internally for
and Supplements 2S-1,2S 2, and 2S 3 of ANSI /AShiE engineering revicw, approval, and design verifi-
NOA 11983 and NOA la 1983 as modified by the cation. Evidence of verification is entered in.
NRC accepted alternate positions identified m to design records of the responsible design or-
Table 2-1 of Reference 1 relating to NRC Regu. ganization. Each document is distributed by ERhi
latory Guides: 1.28, Revision 0; 1.58, Revision to the design organizations of the other parties
1; and 1.146, Revision 0, for their review and appsaval of technical con-

tent and design interfaces. All comments re-
The follow.'ng additional information describes sulting from this process are resolved to the

the relationship between GE and its technical satisfaction of all parties. Aftcr resolution
associates. of all the comments, the design verification is

reviewed and, when necessary, updated to r.ssure
GE and each of its associates have their own that changes did not invalidate the original

quality assmance progra n based on Reference 2. verification. After final agreement is reached,
GE has performed a review of the QA programs of the document is finalized by the lead design
each of the assoelates to assure that the organization, circulated to tt.e other parties
engineering designs and documentation produced by for their approval signatures, and then issued.
the associates meet the

Changes to ABWR documents are also approved

Amendment 17 17.1 1
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by GE and its associates. The changed document's This section complies with Basic Requirement
revision status is advanced or a new document 7 and Supplement 7S t of ANSI /ASME NOA 11983
initiated. The new or changed document is circu. as modified by the NRC accepted alternate posi-
lated for review, verification, and approval to tion identified in Table 21 of Reference 1 re-
all parties that performed the original review, lating to NRC Regulatory Guide 1.123, Revision
verification, and approval. 1.

Differences between international and domestic 17.1.8 Identification and Controlof
designs are identified in a controlled list for Materials, Pa.'ts, and Components
future design action and application.

See Section 8 of Reference 1.

17.1.4 Procurement Document Control
This section complies with Basic Requirement

See Section 4 of Reference 1. 8 and Supplement 8S 1 of ANSI /ASME NOA 1 1983.

This section comphes with Basic Requirement 4 17.1.9 Control of Specihl Processes
and Supplement 451 of ANSI /ASME NOA 11983 as
modified by the NRC accepted alternate position See Section 9 of Reference 1.
identified in Table 21 of Reference 1 relating
to NRC Regulatory Guide 1.123, Revision 1. This section complies with Basic Requirement

17.1.5 Instruction, Procedures,
and Drawings 17.1.10 Inspection

See Section 5 of Reference 1. See Section 10 of Reference 1.

This section complies with Basic Requirement $ This section complies with Basic Requirement
of ANSI /ASME NOA 11983. 10 ar'd Supplement 10S 1 of ANSI /ASME NOA 1 h

1983 and NOA la 1983 as modified by the NRC-
17.1.6 Document Control accepted alternate position identified in Table

21 of Reference 1 relating to NRC Regulatory
See Section 6 of Reference I Guide 1.116, Revision 0 R.

This section complies with Basic Requirement 6 17.1.11 Test Control
and Supplement 6S-1 of ANSI /ASME NOA 11983.

See Section 11 of Reference 1.
The following additional information describes

the relationship between GE and its technical This section complies with Basic Requirement
associates. 11andSupplement11S lof ANSI /ASMENOA-1 1983

as modified by the NRC accepted alternate |
All ADWR documents produced by GE and its position identified in Table 21 of Reference 1

associates are entered on the GE Master Parts relating to NRC Regulatory Guide 1.116, Revision
List (MPL) for the ABWR. These documents are O.R.
under GE configuration control. Changes to these
documents require verification and GE review and 17.1.12 Conttel of Measuring and Test
appraval before they are entered into the GE Equipment
document control system and applied to the MPl..

See Section 12 of Reference 1.
17.1.7 Control of Purchased Material,
Equipment, and Services This section complies with Basic Requirement

t

| 12andSupplement12S lofANSI/ASMENOA 11983.
'

See Section 7 of Reference 1.

O
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17.1.13 Handling, Storage,and Shipping Reference 1 relating to ANSI Standard N45.2.12

O 1977.
See Section 13 of Reference 1.

17.1.19 References
This section complies with Basic Requirement

13andSupplement13S lof ANSI /ASMENQA 11983 1. Nuclear Energy Business Operations Quality ,

as modified by the NRC accepted alternate posi- Assurance Prograns Descripilon, f.tay 1987,
tion identified in Table 21 of Reference 1 te. NEDO 11209-04A, the latest NRC accepted
lating to NRC Regulatory Guide 1.38, Resision 2. resision.

17.1.14 inspection, Test,and Operating 2. ABWR Project Application Engineering
Status Organisation and Procedures Manual, General

Electric Company, February 5,1987.
See Section 14 of Reference 1.

This section complies with Hasic Requirement
14 of ANSI /AShiE NOA 11983.

17.1.15 Nonconforming Materials, Parts, or
Components

See Section 15 of Reference 1.

This section complies with Basic Requirement
'

15andSupplement1551ofANSI/AShiENOA 11983.

17.1.16 Correcthe Action

See Section 16 of Reference 1.

This section complies with Basic Requirement
16 of ANSI /AShlE NOA 11983.

,

17.1.17 Quality Assurance Records

See Section 17 of Reference 1.

This section complies with Basic Requirement
17, Supplement 17S 1, AShtE NOA 1 1983 as modified
by the NRC accepted alternate position identified
in Table 21 of Reference 1 relating to NRC
Regula tory Guide 1.88, Revision 2.

17.1.18 Audits

See Section 18 of Reference 1.

This section complies with Basic Requirement
18andSupplement18S 1,of ANSI /AShiENOA 11983

- and NOA la 1983 as modified by the NRC accepted
alternate position identified in Table 21 of

O
Amecoment 21 17.1 3
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17.3 RELIAHILITY ASSURANCE aspecis of plant operation, maintenance, and performance

PROGRAM DURING DESIGN monitmins of plant risk significant SSCs. The PRA for
the ABWR and other industry sources will be used topgggp'
identify and prioritize those SSCs that are important to

*

I**" " * """ #" * " ## ###" * *
Dis section presents the ABWR Design Reliability

could present r risk to the public.
Assurance Program (D-RAP).

I '3' ""17.3.1 Introduction
The purpose of the D RAP is to assure that the plant

he ABWR Design Reliability Assurance Program safety as estimated by the probabilistic risk analysis (PRA)
(D RAP) is a program that will be performed by GE is maintained as the detailed design evolves through the
Nuclear Energy (GE NE) during detailed design and impleme ntation and procurement phases and that pertinent
specific equipment selecuon phases to assure that the information is provided in the design documentation to the
important ABWR reliability assumptions of the futme owncr/ operator so that equipment reliability, as it
probabilistic risk assessment (PRA) will be considered affects plant safety, can be maintained through operation
throughout the plant life. The plant owner / operator will

and maintenance during the enu,re plant life.
also have an operational RAP (0-RAP) that tracks
equipment reliability to demonstrate that the plant is being
opera &d and maintained consistent with PRA assum ptions 17.3.4 Ob,lective
so that urall risk is not unknowingly degraded, ne

- PRA evaluaa the plant response to initiating events to The objective of the D-RAP is to identify those plant

assure that plai. damage has a very low probability and SSCs that are significant contributors to risk, as shown by

O risk to the public is very low. Input to the PRA includes the pRA or other sources, and to assure that, during the

details of the piant design and assumptions about the implementation phase,the plantdesign continues to utilize

reliabilityof theplantrisk significantstructures, systems risk significant SSCs whose reliability is commensurate

and components (SSCs) throughout plant life. with the PRA assumptions, ne D-RAP will also identify
key assumptions regarding any operation, maintenance

ne D-RAP will include the design evaluation of the and monitoring activities that the owner / operator should

ABWR. it willidentify relevant aspects of plant operation, consider in developing its O-R AP lo assure that such S S Cs

maintenaru, and performance monitoring of important can be expected to operate throughout plant life with

plant SSCs for owner / opera;or consideration in assuring reliability consistent with that assumed in the PRA.

safety of the equipment and limited risk to the public, The
policy and implernentation procedures will be specified A major factor in plant reliability assurance is risk-

by the owner / operator, focused maintenance, by which maintenance resources
are focused on those SSCs that enable the ABWR systems

Also included in this explanation of the D RAP is a to fulfill their essential safety functions and on SSCs

descriptive example of how the D-RAP will apply to one whose failure may directly initiate challenges to safety

potentially impo, tant plant system, the standby liquid systems. All plant modes are considered, including ~
control system (SLCS). The SLCS example shows how equipment directly relied upon in Emergency Operating

the principles of D-RAP will be applied to other systems Procedures (EOPs). Such a focus of maintenance will
'

identified by the PRA as being significant with respect to help to maintain an acceptably low level of risk, consistent

risk. with the PRA.
.

17.3.2 Scope 17.3.5 GE-NE Organization for D RAP

ne ABWR D-RAP will include the luw c. sign The relevant portion of the GE NE organization chart
evaluation of the ABWR, and it will identify relevant for a future ABWR D RAPIs shown in Figure 17.3 1. The

O
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hianagersof theNuclearServicesandPm)cctsDepartment Nuclear Operations Department. Responsibility for ;

and of the Nuclear Operations Department report to the reliability review of designed ABWR systems and
'

Vice President and General Manager of GE Nuclear components also falls on the Reliability Enginecting
Energy. Two sections involved with an ADWR D RAP Services Unit,under direction imm the Systems integration

are the Advanced Reactor Prograrns Section and the and Performance Engineering Unit. .

Engineering Services Section. >

17.3,6 SSC Identification /Prioritization
Authority for the rnanagement of an ABWR program

is centered with the Advanced Reactor Programs Manager, ne PRA prepared for the ABWR will be the primary
Day to-day details of an ABWR program are directed by sourceforidentifyingrisk significantSSCsthatshouldbe
the Project Manager, who repons t o the Advanced Reactor given special consideration during the detailed design and
14ograms Manager, ne Project Manager and his stalf procurement phases and/or considered for includon in the
coordinate tuth the GE.NE support for the Project and the o.R AP. He metno:| by which the PR A is used to identify
work of external organizations, such as the Architect . risk significant SSCs is desciibed in Chapter 19. It is also
Engineer, possible that some risk.significant SSCs will be identified

from sources other than the PRA, such as nuclear plant t

Responsibility for the design of key equipment, - operating experience, other industrial experience, and
components and subsystems is shared by the several units relevant component failure data bases.
in the Ad <anced Reactor Programs Section together with
extemal organizations, including the Architect Er.gineer. 17.3,7 Design Considerallons
Reporting directly to cach engineering functional manager
will be performing enginects, including system designers ne reliability of risk significant SSCs, which are
and component designers. Design support will also be identified by the PRA, will be evaluated at the detailed
provided by other design sections within GE NE and the design stage by appropriate design reviews and reliability - g+Nuclear Scrvices and Projects Depanment. Responsibility analyses. Current data bases will be used to identify
for ABWR safety analysis and PRA studies ,s under the appropriate values for failure rates of equipment as
Systems Integrauon and Performance Enginecting Unit. designed, and these failure rates will be compared with

those used in the PRA. Nonnally the failure rates will be
he Manager,' System Integration and Performance similar, but in some cases they may differ because of

Engineering, will be assigned the responsibility of recent design o- data base changes. Whenever failure
managing and integrating the D RAP Program. He will rates of designed equipment are significantly greater than
have direct access to the ABWR Project Manager and will those assumed in the PRA,an evaluation will be performed
keep him abreast of D-R AP critical items, program needs to deta.rmine if the equipment is acceptable or if it must be
and status. lie has organizational freedom to: redesigned to achieve a lower failure rate.

(1) Identify D RAP problems. For those risk significant SSCs, as indicated by PRA
(2) Initiate, recommend or provide solution to or other sources, component redesign (including selection

problems through designated organizations, of a different component) will be considered as a way to .

(3) Verify implementation of solution. reduce the CDFcontribution. (if the system unavailability -
(4) Function as an integral part of the final des.ign ' or the CDF is acceptably low less effort will be expended,

pmcess, toward redesign.) If there are practical ways to redesip
a risk-significant SSC, it will be redesigned and the-

Reliabilityanalyses,includirig the PRA,are- Srmed chsge in system fault tree results will be calculated,
by the Reliability Engineen,ng Services L the Fo awingtheredesignphase dominantSSCfailuremodes

- Reliability and Analysis Servkes Subsecu,on of the will be identified so that protection against such failure
Engineering Services Section (Figure 17.3-1). Thus, the : modes can be accomplished by appropriate activities
PRA input to the D-RAPand many of the ABWR reliability during plant life, ne design considerations that will go

- analyses will be perfonned in this organizau,on, within the into determining an acceptable, reliable design and the

.

'|
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SSCs that must be considered for 0 RAP activitas are Periodic testing of S SCs may include startup oistandby i

shown in Figure 17.3-2. systems, surveillance testing of instrument circuits to
'

assure that they will respond to appropriate signals, and>

GE NE will identify in the PRA or other design inspection of passive SSCs (such as tanks and pipes) to
documentstotheplantowner/operatortherisk significant show that they are available to perform as designed. ,

SSCs and the assoclated teliabih!y assumptions,inctuding Performance monitoring,ineluding condition monitoring. :

any pertinent bases and uncertainties considered in the can consist of measurement of output (such as pump flow
PRA. GE NE will also provide information for the plant rate or heat exchanger temperatures), measurement of
owner / operator to incorporate into the 0 RAP to help magnitude of an important variable (such as vibration or i

assure thatPR A results will be achieved over the life of the temperat ure),and tesdng for abnormal conditions (suc h as
plant. His information can be used by the owner / operator oil degradation or local hot spots).' :

for establishing appropriate reliability targets and the
associated maintenance practices for achieving them. Periodic preventive maintenance is an activity 1

performed at regular intervals to preclude problems that '

17.3.8 Defining Failure Modes could occur bebe the next Phi interval. His could te
regidar oil chat ges, replacement of seals and gaskets, or

De determination of dominant failure modes of risk. refurbishment of equipment subject to wear or age related
significant SSCs will include historical information, degradation.
analytica) models and existing requirements. hiany BWR
systems and components have compiled a significant Planned maintenance activities will be integrate 41 widi
hi:toricai recordo so an evaluation of that record comprises the regular operating plans so that they do not disrupt
Assessment Path A in Figure 17.3 3. Details of Path A are normal operation, biaintenance that will be perfonned
shown in Figure 17.3 4. more frequendy thr.n refueling outages must be planned so j

O as to not disrupt operatior, or be likely to cause reactor t

For those SSCs for which there is not an adequate scram, ESFactuation.or abnonnal transients, Maintenance
_

historical basis to identify critical failure modes, an planned for performance during refueling outages must bc j
analytical approach is necessary, shown as Assessment conducted in such a way that it will have little or no impact :

Path B in Figure 17.3 3. The details of Path B are given on plant safety.on outage length or on other malatenance
in Figure 17.3 5, De failure modes identified in Paths A work. |
and B are then reviewed with respect to the existing -

'

main tenance activities in the industry and the maintenance 17.3.10 Owner / Operator's Rellability h
requirements, Assessment Path C in Figure 17.3-3. Assurance Program

'

Detailed steps in Path C are oudined in Figure 17.3 6. ,

fThe O RAP that will be prepared and implemented by
17.3.9 Operational Heliability Assurance the ABWR owner / operator will make use of the information

'

Activitics provided by GE-NE._ This information will help the i
_

_

owner /operatordetermine activities that should be included .

Once the dominant failure modes are determined for in the O RAP Examples of elements that might be :

risk-significant SSCs, an assetsment is required to included in an O RAP are:' ;

detennine suggested 0 RAP activities that will assure '

accep'able performance during plant life. Such activities ' l. Reliability Performance Monitorinc: Measurement
may consist of periodic surveillance inspections or tests, of the performance of equipment to determine that - -i

monitoring of SSC performance,and/or periodic preventive it is accomplishing its goals and,br that it will
maintenance (Ref.1). An example of a decision tree that continue to operate with low pmbability of failure.

.

would be applicable to these activities is shown in Figure
_ . _ _ |

17.3 7, As indicated, some SSCs may require a' . 2. Reliability Methodoloev Methods by which the ;

combination of activities to assure that their performance ~ - plant owner / operator can compare plant data to the ;
is consistent with that assumed in the PRA. SSC data in the PRA. '

O i

|
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3. Problem Prioritimtion: Identiikation, for each of he plant owner / operator's 0-RAP will address the

the risk. sigmficant SSCs, of the importance of interfaces with construction, startup testing, operations,
that item as a contributor to its system unavailsbility maintenance, engineering, safety, licensing, quality
and assignment of priorities to problems that are assurance and procurement of replacement equipment.

detected with such equipment.
17.3.11 D. RAP Implementation

4. Root Cause Analysis: Determination, for problems
that occur regarding reliability of risk-significant An example of implementation of the D-RAP is given
SSCs, of the root causes, those causes which, after for the standby liquid control system (SLCS). The purpose
correction, will not recur to again degrade the of the SLCS is to inje:t neutron absorbing poison into the
reliability of equipment. reactor upondemand,providingabackupreactorshutdown

capability independent of the control rods. De system is
$. Correetive Action Determination: Idenlification capable of operating over a wide range of reactor pressure

of corrective actions needed to restore equipment conditions. The SLCS may or may riot be identified by the
to its required functional capability and reliability, final PR A as a significant contributor to CDF or to offsite
based on the results of problem identification and risk. For the purpose of this example it is assumed that the
root cause analysis. SLCS is identified as a significant contributor to CDF or

to offsite risk.
6. Corrective Aetion imolementation: Carrying out

identified corrective action on risk-significant 17.3.11.1 SLCS Description
equipment 'o restore equipment to its intended
function in such a way that plant safety is not During normal operation the S LCS is on standby,only
compromised during work, to function in event the operators are unable to control

reactivity with the normal eontrol rods, he SLCS consists g
7. Corrective Action Verification: Post-corrective of a boron solution storage tack,two positive displacement

action tasks to be followed after maintenance on pumps, two motor operated injection valves (provided in
nsk sigmficant equipment to assure that such parallel for redundancy), and associated piping and valves
equipment will perform its safety functions. used to transfer borated water from the storage tank to the

## # #
8. Plant Acine: Some of the risk significant

equipment is expected to undergo age related he borated solution is discharged through the 'B'
degradation that will require equipment high pressure core flooder (HPCF) subsystem sparger. A
replacement or refurbishment. schematic oiagram of the SLCS, showing major system

components,is presented in Figure 173-8. Some locked
9. Eredback to Desicner: ne plant owner /operat ' open maintenance valves and some check valves are not

will periodically compare performance of risk- shown. Key equipment performance requirements are:
significant equipment to that specified in the PRA
arKi D-RAP, as mentioned in item 1, above, and, at a. Pump flow $0 gpm per pump
its discretion, may feedback SSC performance b. Maximum reactor pressure 1250 psig
data to plant or equipment designers in those cases (for injection)
that consistently show performance below that c. Pumpable volume in 6100 U.S. gal
specified. storage tank (minimum)

10. Procrammatic Interfaces: Reliability assurance Design pmvisions to permit system testing include a
interfaces related to the work of the several test tank and associated piping and valves. De tank can
organizations and personnel groups workmg on be supplied with demineralized water which can be pumped
nsk sigmficant SSCs. n a closed loop through either pump or injected into the

reactor,

O
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Re SLCS uses a dissolved solution of sodium 17.3.11.2 SLCS Operation

,'
'

pentaborate as the neutron- absorbing poison. Thi9 solution

"

U h. ? ha a heated storage tank to maintain the solution The SLCS is initiated by one of three means:
ate its saturation temperature. The SLCS solution tank, (a) manually initiated from the main control room,
a n ,1 water tank, the two posi:ive displacement pumps, (b) automatically initiated if conditions of high reactor,.

ni associated valving are located in the secondary pressure and power level not below the ATWS permissive

pg untainment on the fUor elevation below the operating power level exist for 3 minutes, or (c) automatically
Lloor. This is a Seismic Category I structure,and the SLCS initiated if conditions of RPV w su level below the le vel
equipment is protecte.d from phenomena such as 2 setpoint and power level not beiow the ATWS permissivea

.
N -hqttskes, tornados, hurricanes and floods as well as power level exist for 3 mir'utes. The SLCS provides

'

0 n internal postulated accident phenomena. In this area, borated water to the " actor core to inWduce negative ?

? "S is not subject to conditions such as missiles, ppc reactivity effects durH the required conditions. -

.lischarging fluids.*

Tomeetitsnegat ve".activityobjective,itisnecessaryi
{yi ups ar: capable of producing discharge pressure for the SLCS to injec a quantity of boron which prodoces

tc~ ac soluton into the rn:to: when the reactor is at]~ . q a minimum concentmtion of 850 opm of natural boron in
~.. ,.usure conditions corresponding to the systemt

:
, the reactor core at 68 F. To allod .r.ential leakage and

valve actuation. Signals smticating storage tank
imperfect mixing in the reactor system, an hdditional 25%

vel, tank outlet valve position, pump discharge-yt a
(220 ppm) margin is added to the above requirement. He

,n- nnd mjection valve positien are milable m the
required concentration is achieved accounting f or dih: tion

C "" **
in the RPV with nortaal water level and including theg

.h ne pumps, heater, valves and controls ate powered volume in the residual heat removal shutdown cooling

from the standby power supply or norma' offsite power. piping. This quamity of baron sclution is the amount
,

h ne purr ps and valves are powered and controlled from which is above the pump st.ction shutoff level in the

separate buses and circuits so that single active failures storage tank thus allowing for the portion of the tank

will not prevent sys'em operation. The power supplied to y lume which cannot be injecteo.

one metor operated injec tion valve, storage tank discharge r
valve, and injection pump is from Division I,480 VAC.

17.3.11.3 Major Differences From iW The powe supply to the other motor operated injec' ion
valve, storage tar: filet ' .I e, and injection pump is Operating BWRs

frorn r'ivision li,e L * ac power supply to the tar?
The SLCS design is very similar to that of operating

h:e . and heater cu,vrsts is connectable to a standbk BWRs. Automatic actuation of the. ABWR SLCS is
pn er source. De stanuby power source is Class 1E from

similar to that incorporated in some operating BWRs.
anon-sitesourcea: ismdependentof theoff-sitepower.

Because of the larger ABWR RPV volume, the pumping

All cLmponents of the system which are required for capacity has been increased from 43 to 50 pm per pump. g

injection of the neutron absorber into the reactcr are injection of SLCS solution thivogh the HPCrisparger has

classified Seismic Category 1. All major mechanical teen shown by boron mixing tests to give better mixir:g

components are derigned to meet ASME Code than the operating plant injection through a standpipe.

requirernents as shown below.
Injection valves ofoperating plants areleak proofexplosive

Comnonent ASME Design Conditions valves to keep borta out of the reactor during SLCS :

Code Class Pressure h* testing. In the ABWR the injection valves are motor
operated and a suction pipe fill s).icm keeps the lines

Storage Tank 2 Static Head 150*F filled with distilled water at slightly highi r pressure than
Pump 2 1560 psig 150*F that of the boron storage tank to prechhg of boron
Injection Valves 1 1560 psir 150*F into the reactor. The motor operated injection valves
Piping Inboard of provide the following advantages over explosive valves:
Injection Vaives 1 1250 psig 575'F

Amendment 21 g7,3,3
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a. Radiation exposure to personnel is potentially to start upon demand could result from electrical or

reduced during testing and maintenance because mechanicalproblem s at the pumps or their contr?lcircuits,

less work will be required at the valves.
Two AC electrical system failures that contribute to

b. Post-injection containment isolation capability SLCS system failure are identified in Table 173 2. No
is enhanced because the motor operated valves further details of electrical system failures or maintenance

can be closed following boron injection, are inc%ded here. That haves the five components noted

Explosive valves cannot be reclosed to provide aw 'or special attention with regard to reducing the risk

containment isolation. of sy in failure.

173.11 A SLCS Fault Tree a. Redesign

The top level fault tree for the SLCS is shown in he design evaluation of Figure 173-2 is used by 'he

Figure 173.9, with the top gate defined as failure to designer. The design assessment shows that the component

deliver 50 gpm of borated water from the storage tank to failure rates are the same as those used in the PRA, so there

the P PV, Details providing input to most of the events in . is no need to recalculete the PRA. Also, no one SSC has

Figurc 173.9 are contained in the several additional a major impact on SLCS system unavailabihty,soredesign

brancht s to the fault tree, or reselection of componenis is not required and the seven
components are identified for consideration by the

It is ass umed that the SLCS has been identified by the ORAP.
PR A as a s ystem making significant contribution to CDF.
A listing of the SLCS components or events by Fussell. Redesign considerations, if they had been required,

Vesely importance was made,and those SSCs with greatest would have incNded trying to identify more reliable relicf

importance are given in Table 17 3-1. No SSCs appear to valves and pumps and suction lines les likely to plog. De

be risk-significant because of aging or common cause latter might be achieved by using larger diameter pipes or

considerations. De seven most significant components multiple suction lines. Pump and valve reliability might
are listed in Table 173 2, so these SSCs should be be ene.anced by specific design changes or by selecdon of

considered as risk significant candidates for O-RAP a different component. Any such redcsign would have to

activities, be evaluated by balancing the mrease in teliability against
the added complication to p',ut ceaipt..ent art.i iayout.

17.3.11.S System Design Response b. Failure Mode Identification

) ThesevenSLCSnsk significantcostponentsidentified
, If redesign is not necessary, or after redesign has lwn
m Table 173.2 as having high importance in the SLCS completed, the appropriate O-RAP activides would be
fault tree are now considered for redesign or for 0-RAP identified for tne three StCS component types identified
activitics, as noted above. The flow chart of

by the fault tree and discussed above. This begins with
Figure 173 2 guides the designer, determining the likely failure moaes that wi!! lead to loss

of function, following the steps in Figure 173-3. He
Two of the events m Table 173-2 result from flow of

.

components of SLCS have adequate failure history to
SLCS fluid being diverted through relief valves back to dentify critical failure modes,so Assessment Paths A and
pump suction rather than into the RPV. Since gate and C (Figures 173-4 and 173 6, ri.apectively) would be
check valve failures (which could result m relief valve followed to define the f are modes for consideration.
operation) are accounted for by separate events, the relief
valve failures of concern can be considered to be valve For the SLCS re'Df valves past experience with similar
body failures or madvertent opening of the relief valves. , alves shows that tht, major failure modes are fluid leakage
Plugging of the suction lines from the storage tank could from the valve body and a spurious opening as result of
result from some contamination of the tank fluid or failure of the spring, the spring fastener, the valve stem or
collection of foreign matte-in the tank. De pump failures

O
Amendment 21

I
i

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _



-_ . . . .

ABWR M61WAQ

Standard Plant REV. B

o
t

the disk. Past pump failures fallinto two general categories, maintenance ac tivities and frequencies are shown in Table

electrical problems resulting in failure to start on demand 17.3.3 far each identified failure mode. TM 3 RAP will
and mechanical problems that cause a running pump to include documentation of the basis for each suggested

stop or fail to provide rated flow. De plugging of fluid 0-RAP activity.
lines generally results from presence of sediment or
precipitation of compounds from saturated fluid. 17.3.12. Glossary of Terms

Following the flow chart of Figure 17,3-4,the designer ATWS Anticipated Transient Without Scram,
would determine more details about each failure mode,

including pieceparts most likely to fail and the frequency CDF Re core damage frequenc; a calculated
of each failure mode category or piecepart failure. This by the PRA.
would result in a list of the dominant failure modes to be
consideredfortheO-RAP. ASMESectionXIrequirer- at D-RAP Nsign Reliability Assurance Program
for inservice inspection and other mandated inspections formed by the plant dealper to assure
and test would be identified, as indicated in inm the plant is designed so that it can te
Figure 17.3-6. operated and maintained in such a way

that the reliability assumptions of the
Exa.nples of the types of failure modes that could PRA apply throughout plant life.

impac t reliability of thesc identified components are shown
in Table 17.3.3 He table is not a complete listing of Fussell- A measure of the component contribution
important failure modes, but is intended to indicate the Vesely to system unavailability. Numerically,,

types of failures that would be considered. Importance thepercentagecontributionofcomponent
'

O c. Ideutification of Maintenance

( U Requirements GE-NE GE Nuclear Energy, ABWR plant
I designer,
l For each identified failure mode the appropriate

maintenance tasks will be identified to assure that the Owner / The utility or other organization that owns
f ailure mode will bc (a) avoided,(b) rerrdered insignificant, Operamr and operates the ABWR following
or (c) kept to an acceptably low probabil.ty. The type of construction.
maintenance and the maintenance frequencies are both
impcnant aspects of assuring that the equipment failure 0-RAF JpentionalReliability Assurance
rate will be consistent with that assumed for the PRA As Program performed by the plant owner /
indicated in Figure 17.3-7, the designer would consider operator to assure that the plant is operated
periodic testing, performance testing or periodic preventive and maintained safely and in such a way
maintenance as possible O-R ' P activitie a keep failure thatthercliabilityassumptionsof thePRA
sates acceptable. apply throughout plant life.

For the SLCS relief valves, which normally have n Piecepart A portion of a(risk-significant) component
cyclet during op: ration, A visual inspection for leakage whose failure would cause the faihtre of
and periodic inspections of intemals are judged to be the component as a whole. De precise
appropriate. De pt..nps can be functionally tested definition of a "piecepart" will vary
periodically for ability to start and run and vibration can be between component types, depending
measured during functional tests to detect potential upcn their ccmplexity.
mechanical problems. Detailed disassembly, m, specuan
and refurbishment would be done less freqtentiy. To PRA Probabilistic risk assessment perfonned
prevent line plugging the storage tank can be sampled for to identify and quantify the risk associated
sediment and/orliquid saturation,with appropriate cleaning w th the ABWR,

.

or temperature increase as necessary. Examples of

Amendment 21 17.3-7
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Risk- Those SSCs which are identified ac
Significant contributing significantly to the system

unavailability.

SSCs Structures, systems and components
identified as being important to the plant
operation and safety.

17.3.12 Reference

(1) E. V. Lofgren, et. al., A Processfor Risk-
Focused Maintenance, S AIC,
NUREG/CR-5695, March 1991.

O

i
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Table 17.3-1.

SLCS Components with Largest Contribution to System Unavailability

COMPONENT FUSSELL-VESELY-
IMPORTANCE

OVF00lHW Flow Diverted Through Relief Valve F003A 0.50-

OVF002HW Flow Diverted Through Relief Valve F003B 0.50

OFLOOOHW Plugged Suction Lines From Tank 0.24

OPM001HW SLCS Pump A (C001 A) Fails to Operate 0.05

OPM002HW. -SLCS Pump B (C001B) Fails to Operate 0.05-

ECA003H AC Power Cable 03 Failure 0.05-

ECA013H AC Power Cable 13 Failure 0.05

O

Table 17.3-2.

Risk-Significant SSCs for SLCS:

Relief Vahes F003A and F003B
'

Suction Lines from Tank

Pumps C001A .nd C001B

AC Power Cable 03

AC Power Cable 13

:,

i

||0:
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TAllLE 17.3-3,

EX; MPLES OF SLCS FAILURE MODES & 0-RAP ACTIVITES
x

| COMPONENT FAILURE RECOMMENDED MAINTENANCE BASIS *
MODFKAUSE MAIN ~ENANCE INERVAL

73

ReliefValve Bodyleakage Visualinspection 24 months Experience

Spurious opening, inspect closure for 10 years low failure rate;
spring failure breaks; measure AShE Code ISI.

spring constant;
Ireplace spring.

Spurious opening, Visualinspection of 10 years 14w failure rate;
spring fastener failure spring fastener; ASME Code ISI.

replxe if necessary.
_

Spurious opening, Visualand penetrant 10 years Infrequent use. low
failure of valve stem inspection of stem, failure rate, ASME
or disk ultrasonic inspection Code ISI.

of stem; replaceif
necessary.

! Pump Fails to start, Functional test of 6 months Expenence wici
electricalproblems pump with suction other electrical

from test tank, no pumps.
flow from storage
tank

Fails to run, Meakire pump 6 months infrequent use,little ~
meclanicalproblems vibration dunng - wear,

pump operation in
functional test.

Disasseinble/r.spect - 5 years Infrequent use, low
pump for corrosion, failure rate, AFME
wear. Refurbish as Code ISI.
necessary.

Suction Lines Lines plugged by Sample storage tank 6 months Clean system,little
sediment water for sediment; chance of a:diment.

clean tank as
necessary.

Lines plugged by Sample storage tart I month Saturated solution
precipitated boron for degree of mostlikely source of
compounds saturatin of boron line pluggmg.

compounds. Increase
tank temperature as :

r'xcessary.

|

.

All SLCS components have been used in operating BWRs, so there is much experience to guide j*

ownehmtors in crre of the equipment.

Amendment ?,1 17.3-10
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. DESIGN UNTTS -

' SYSTEMS- ~. RELIABILITY~~~
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i

' Figure 17.3-1. Typical GE-NE Organization for an ABWR Projxt
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RISK SIGNIFICANT
SSCs IDENTIFED

BY PRA

SYSTEM
FAULT TREE 4 COMPONENT p"

REDESIGNRECALCULATION

Y
-_

ARE PRA RESULTS YESRELIABILITY ASSESSMENT YES
SIGNIFICANTLY CHANGEDIN DESIGN PHASE: '&

''

ARE FAILURE RATES > BY HIGHER FAILUREg
THOSE IN PRA? RATE 9

NO NO
1

Y

gMPO E YES
DOES SSC FAILURE HAVE YES

A LARGE IMPACT ON -

PRACTICAL AND COST
SYSTEM UNAVAILABILITY? EFFECTIVE?

,

NO NO'

1

V

SSCs FOR O-RAP

.

Figure 17.3-2. Design Evaluations for SSCs
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RISK-SIGNIFICANT SSCs
'

FOR O-RAP
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,

'
,

7

Y,

|- ASSESSMENT PATH A'
YES-

DOES FAILURC HISTORY
'

IDENTIFY CRITICAL FAILUREl- MODES AND PIECEPARTS?

;NO
,

i 'lf-

1r
ASSESSMENT PATH C

. ASSESSMENT PATH B
/ y IDENTIFY EXISTING
t IDENTIFY CRITICAL FAILURE MAINTENANCE-RELATED,

_

MODES AND PIECEPARTS ACTIVITIES ANDj
e- USING ANALYTICAL METHODS REQUIREMENTS

!

l'

-jf. -y

DEFINE DOMINANT .
IDENTIFY MAINTENANCE-'

FAILURE MODES TO
REQUIREMENTSDEFEND AGAINST

,

t

Figure 17.3-3. Process for Determining Dominant Failure Modes of Risk-Significant SSCs
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INFORMATON EEDED ASSESSMENT PATH A

u
DATA ASSESWENTTO

* LNPUT FROM ACCEPTED ESTABLISH FAILURE HISTORY
INDUSTRY DATA BASES _
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19D.6-1 9 19D.6 46 4 19D.6-90 10 19D.6-171 8

19D.62 9 19DM6.1 21 19D.6-91 10 19D.6172 8

19D.6 3 4 19D.6 44.2 21 19D.6-92 4 19D.6173 8

19D64 9 19D.6-46.3 21 19D.6 93 4 19D.6174 8

19D.6 4a 8 19DM6.4 21 19D.6 94 4 19D.6175184 8
19DM 21 19D 6-47 4 19D.695 4 19D.6185 8

19D.6-5.1 21 19D.6 48 4 19D.6-% 4 19D.6-186 8

19DM 9 19DM9 4 19D.6-97 4 19D.6187 8

19D 6-7 8 19D.650 4 19D.698 4 19D.6188 8

19DM 4 19D.6 51 4 19D.6-99 4 19D.6189 8

19D.6-9 8 19D 6 52 8 19D.6-100 4 19D.6190 4

19D.6-10 4 19D.6-53 4 19D.6-101 4 19D.6-191 4

19D.6-11 8 19D.6-54 8 19D.6-102 4 19D.6-192 4

19D 612 4 19D.6-55 4 19D.6-103 4 19D.6193 4

19D 613 4 19D.6-56 8 19D.6104 4 19D.6-l%I 4

19D.6-14 4 19D.6 57 8 19D.6105 10 19D.6-195 4

19D.6-15 4 19D.658 4 19D.6-106 10 19D.6196 4

19D.6-16 4 19D.6-59 4 19D.6-107 4 19D.6197 4

19D 6-17 4 19DM0 8 19D.6-108 4 19D.6-198 4

19D.618 4 19DMI 4 19D.6-109 4 19D.6-199 4

19D.6-19 9 19D 642 4 19D.6-110 4 19D.6-200 4

19D.6-20 4 19D.6 63 4 19D.6-111 4 19D.6-201 4

19D.6 21 4 19D.644 4 19D.6112 4 19D.6-202 4

19D.6-22 20 19DMS 8 19D.6-113 4 19D.6 203 4

19D.6-23 4 19D.6-66 4 19D.6114 4 19D.6-204 4

19D.6 24 8 19DM7 4 19D.6-115 4 19D.6-205 4

19D 6 25 8 19D.6-68 4 19D.6-116 4 19D.6 206 4

19Dh26 8 19DM9 4 19D.6-117 4 19D.6-207 4

19D.6 27 8 19D.6-70 4 19D 6-118 4 19D.6-208 4

19D.6-28 8 19D.6-71 4 19D.6-119 4 19D.6-209 8.

19D.6-29 8 19D.6-72 4 19D.6120 4 19D.6 210 4

19D.6 30 8 19D 6-73 4 19D 6-121 4 19D.6-211 4

19D 6-31 8 19D.6-74 4 19D.6-122 4 19D.6-212 4

19D.6-32 10 19D.63 4 19D.6123 4 19D.6-213 4

19D.6-33 10 19D.6-76 4 19D.6-124 4 19D.6-214 4

19D.6 M 10 19D.6-77 4 19D.6-125 4 19D.6-215 4

19D.6-35 10 19D.6-78 4 19D.6-126 4 19D.6 216 4

19D.6-36 10 19D.6 79 4 19D.6-127 4 19D.6-217 4

19D.6-37 4 19D.6-80 4 19D.6-128 4 19D.6 218 4

19D.6-38 4 19DMA 4 19D.6-120 8 19D.6219 4

19D.6-39 4 19D.6-82 4 19D.6130 8 19D.6-220 4

19 DMO 4 19DM3 4 19D.6-131 8 19D.6-221 4

19DMI 4 19D.6-84 4 19D.6132-143 8 19D.6-222 4

19DM2 8 19D.6 85 4 19D.6144 8 19D.6 223 4

19DM3 4 19D.6-86 4 19D.6-145 8 19D.6 224 4

19D.6 44 4 19D.6-87 4 19D.6-146-157 8

(x 19DMS 4 19D.6-88 4 19D.6158 8

Q 190.689 4 19D.6159-170 8

*

Amendment 21 19D.61 224
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:
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|
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Event

19E.2.13.5 Radiation Heating of the Equipment Tunnel 19E.2-7.1

19E.2.13.6 Basemat Penetration 19E.2-8

19E.2.13.7 Hydrogen Burning and Explosions 19E.2-8
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Vessel Failure at 1.ow Pressure
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fggg Amendment Egge Amendment Eggs Amendment

19112 1 8 19E2-39 10 IvE2-75 8

19E2-2 8 19E240 8 19E2-76 8

19E20 10 19E241 10 19E2-77 8

19Ei2-4 18 19E242 10 19E2-78 8

191L2 5 18 19E2-421 10 191L2 79 8

19E24 21 19E2-43 8 19E2-80 8

19E24.1 21 19E244 8 19E241 8

19IL2 7 21 19E2-45 8 19E.242 8

19IL2-7.1 21 19E.2-46 8 19E243 8

19E24 15 19tL247 10 19E.2-84 8

19E2 9 15 19E2-48 8 19E24$ 8

19E210 8 19E2 49 8 19E246 9

19E2-11 10 19E2-50 8 19tL247 8

19E2-12 8 19E2-51 8 19E248 8

19E213 8 19E2-52 8 19E.249 8

19E.2-14 8 19E2-53 8 19E2 90 8

19E2-15 8 19E2-54 8 19E2-91 8

19E2-16 10 19IL2-55 10 19E2 92 8 ,

19E.2-17 10 19E2-56 to 19E2-93 8

19E2-18 10 19E.2-57 8 19E.2-94 8

19E2-19 8 19E.2-58 8 19E.2-95 8

Q 19E2 20 8 19E2-59 8 19E2-96 8
19E2-21 8 19E240 8 19E2 97 8 -

19IL2-22 8 191L241 8 19E2-98 8

19E2-4 8 19E242 8 19E2-99 8

19E2-24 8 19E.2-(4 8 19E2-100 8

19E.2-25 8 19E248 8 19E2-101 8
19E2-26 8 19E245 8 191L2-102 8

19E2-27 8 19E2 66 8 19E.2-103 8

19E.2-28 21 19E247 8 19E2-104 8

19E2-28.1 21 19E.248 8 19E2-10) 8
19E2-29 8 19E2-(Al 8 19E2-106 8

19E2-30 21 19E249 8 19E2-107 8

19E2-31 8 19E2-70 8 19E2-108 8
19E 2-32 8 19E.2 71 8 19E2109 8

19fL2-33 8 19E2-72 8 19E4 .10 8

19E2-M 8 19E2 73 8 19fL2-111 8

( 19E.2-35 21 19E2 74 8 19E2-112 8

19E2-36 8

19E2-37 8

19E2-38 8

i
V
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20.2.1' Chapter lii Questions

420.28 -

Section 15.A.2.2 defines " Safety * and ' Power Genration.' The staff did not locate definitions
for 'important to safety" and ' safety selated" which are used in Chapter 7. (15A)

420.%

The safety system auxiliaries (Figure 15A.641) should be modified to include any HVAC required
to assure continued operation of the electronics. (15A.6)

420.118

Describe when appropriate operator ac' ion in seconds is required to prevent significant
radiological impact. (15.2.4.5.1)

420.122

is the instrumentation required for the operator to verify bypass valve performance and relief
valve operation IE or N 1E? (15.2.2.2.1.4)

'

430.58

The accident analyzed under this section considers only the airborne radioactivity that may be
released due to potential failure of a concentrated waste tank in the radwaste enclosure. The SRP
acceptance criteria, however, requires demonstration that the liquid radwaste concentration at the
nearest potable water supply in an unrestricted area resulting from transport of the liquid radmaste
to the unrestricted area does not exceed the radionuclide concentration limits specified in 10 CFR
Part 20, Appendix B Table 11, Column 2. Such a demonstration will require information on possible
dilution and/or decay during transit _which, in turn, will depend upon site specific' data such as

~

surface aed ground water hydrology and the panmeters governing liquid waste movement through the
soil. Additionally, special design features (e.g., steel liners or walls in the radwaste enclosure)
may be provided as part of the liquid radwaste treatment systems at certain sites. The staff will,'-
therefore, review the site specific characteristics mentioned above individually for each plant
referencing the ABWR and confine its review of ABWR, only to the choice of the liquid radwaste tank.
Therefore, provide information on the following: (15.7.3)-

(a) Basis for determining the concentrated waste tank as the worst tank '(this may very well
be the case, but in the absence of information o_n the capacities _of major tanks,--
particularly the waste holdup tanks, it is hard to conclude that the' above tank both'in

_

terms of radionuclide concentrations and inventories will turn out to be the worst
tank).

(b) Radionuclide rurce terms, particularly for the long lived radionuclides such as Cs 137
and Sr 90 (these _may be the critical isotopes for sites that can claim only decay I

credit'during transit) in the ' major liquid radwaste tanks.

440.108

. -

.
._

.

.
.\

' Provide further justification for the fact'that the input parameters and initial conditions fori

analyzed events are conservative. Provide a list of what paramenters will be checked at startup and-
- which will be in the Technical Specifications. You should define the range of cp=tia conditions

'

and fuel types for which your input parameters will remain valid. For example, would these-

An.cndment 21 20.2-21 '
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parameters valid for 9x9 or 7x7 fuel or similar large change in the fuel lattice. (15)

470.1

Subsection IS.6.2 of the AllWR FSAR provides your analysis for the radiological consequences of a
failure of small lines carrying primary coolant outside of containment. This analysis only considers
the failure of an instrument line with a 1/4 inch flow restricting orifice. Show that this failure
scenario provides the most severe radioactive releases of any postulated failure of a smallline.
Your evaluation should include lines that meet GDC 55 as well as small lines exempt from GDC 55.

470.2

Provide a justification for your assumption that the plant continues to operate (and therefore no
iodine peaking is experienced) during a smallline break outside containment (Subsection 15.6.2)
accident scenario. Also provide the basis for the assumption that the release duration is only two
hours.

4703

Subsection 15.6.4.5.1.1 of the FSAR gives the iodire source term (concentration and isotopic mix)
used to analyze the steam line break outside of containment accident. The noble gas source term,
however, is not addressed, Provide the noble gas source term used. Also, the table in Subsection
15.6.4.5.1.1 seems heavily weighted to the shorter lived activities (i.e., (1-134). Provide the
bases for the isotopic mix used in your analysis (iodine and noble gas).

470.4

Subsection 15.6.5.5 states that the analysis is based on as. nptions provided in Regulatory Guide
13 except where noted. For all assumptions (e.g., release assu ted to occur one hour after acciden*
initiation, the chemical species fractions for iodine, the temp al decrease in primary containment
leakage rates, credit for condenser leakage rates, and dose conversion factors) which deviate from
NRC guidance such as regulatory guides and ICRP2, provide a detailed descript:on of the justification
for the deviation or a reference to another section of the SSAR where the deviations are discussed in
detail. Provide a comparison of the dose estimates using these assuinptions versus those which would
result trom usin3 the NRC guidance.

470.5

Provide a discussion of, or reference to, the analysis of the radiological consequences of
leakage from engineered safety feature components after a design basis LOCA.

470.6

For the spent fuel cask drop accident, what is the assumed period ir decay from the stated power
condition? What is the justification for that asmmption?

470.7
i

The tables in Chapter 15 should be checked and revised as appropriate. Ia several cases the
| footnotes contain typographical errors related to defining the scientific notation. Table 15.7-12
i also appears to contain inappropriate references to Table 15.7-16, rather that Table 15.7-13.

O
Amendment 9 20.2-21a
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RESPONSE 43031

The plant protection signals that automatically isolate the secondary containment and activate the
SGTS are:

(1) Secondary containment high radiation signal.

(2) Refueling floor high radiation signal.

(3) Drywell pressure high signal.

(4) Reactor water levellow signal.

(5) Secondary containment IIVAC supply / exhaust fans stop.

Isolation of the secondary containment is accomplished by closure of the secondary containment
HVAC supply / exhaust line ducts which pass through the secondary containment boundary. The HVAC.
isolation valves consist of two valves in series in each of the supply / exhaust lines. These valves
are air-operated, normally open, fail closed butterfly vales.

Further details are provided in Subsection 6.23,9.4.5.1 and Section 6.5

N
QUESTION 430.32

, ,

Identify and tabulate by size, piping which is not provided with isolation features. Provide an
analysis to demonstrate the capability of the Standby Gas Treatreerd System to maintain the design ne-
gative pressure following a design basis accideni with all non it.o.med lines open and the event of -
the worst single failure of a secondary containment isolation valve to close. (6.2)-

. RESPONSE 43032

Response to this question will be provided in revised Subsection 6.5.1.3.1 and new Subsection
6.5.5.1.

-QUESTION 43033
i

Discuss the design provisions that prevent primary containment leakage from bypassing the-
'

secondary containment standby gas treatment system and escaping directly to the environment.- Include
a tabulation of potential bypass leakage paths, including the types of information indicated in Table -
618 of Regulatory Guide 1.70, Revision 3. Provide an evaluation of potential bypass leakage paths
considering equipment design limitations and test _ sensitivities. -Speri_fy and justify,the .toaximum
allowable fraction of primary containmentleakage that may bypass the secondary containment -

_

structure. The guidelines of BTP 6 3 should be addressed in considering potential bypass leakage -
paths. (6.2) '

RESPONSE 43033

The secondary containment completely surrounds the primary containment except at the basemat. In
- addition the lowes third of the secondary containment is surrounded by soil, ther.hy reducing leakage
paths. No measurable leakage is expected through its walls except at penetrations. The secondary
containment will be maintained at subatmospherie conditions to prevent leakage from bypassing the:
secondary _ containment. Only valve leakage through process piping can bypass the secondary
containment. This leakage will be monitored via the containment leakage tes' Gpe C on the outboard1 .

~

containment isolatien valves. The secondary containment. leak' rate calculation is prnvided in the -
response to Question 430.52c.

Amendment 21 21M8

_ ______ _ __- _ _-_-__:--_--_-- --- _ -_.



ABWR m6-r
Standard Plant Rrv. c

QUESTION 43034

O
Prov de a list of the secondary containment openings and the instrumentation means by which eachi

is assured to be closed during a postulated design basis accident. (6.2)

RESPONSE 43034

I Response to this question is provided in revised Subsection 6.23.2 and new Table 6.2-9.
1

QUESTION 43035

Provide a table of design information regarding the containment isolation provisions for fluid ;
system lines and fluid instrument lines penetrating the containment which are within the GE scope of
the ABWR design. Include as a minimum the following information:

(1) General design uiteria or regulatory guide recommendations that have been met or other defined
bases for acceptability;

(2) System name;

(3) Fluid contamed;

(4) Line size;

O

i

|

|
i

|

|

|

O
Amendment 9 203-48.1
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| QtESTION 410.23

' Give details for the worst case flooding arising from a r.ost 'ated pipe failure and include the
mitigation features provided. Note that for flooding analysis purposes, the complete failure of

; non seismic Category I modesate-energy piping systems should be considered in lieu of cracks in
'

determining the worst case flooding condition. (3.6.1)

RESPONSE 410.23

Subsection 3.4.1.1.2 contains descriptions and evaluations of compartment flooding from postulated
pipe failures, and provides a description of measures for protecting safety related systems and ,

components. Consistent with ANSI /ANS $8.111988 (American National Standard Design Criteria for
Protection Against Compartment Flooding in Light Water Reactor Plants) and ANSI /ANS 58.2 1988
(American National Standard Design Basis for Protection of Light Water Reactor Nuclear Power Plants
Against the Effects of pipe Rupture), these flooding evaluations assume leakage cracks with a flow
area equal to the product of one half the pipe inside diameter and one-half the pipe wall thickness.

QUESTION 4t0.24

Identify all the high energy piping lines outside the containment (but within the ABWR scope), the
adverse effects that may result from failures of applicable lines among them, and the protection
provided against such effects for each of such lines (e.g., barriers and restraints). (3.6.1)

RESPONSE 410.24

The high-energy lines outside the containment are provided la Table 3.6-4. The adverse effects
that may result from failures of applicable lines among them, a d the p,otection provided against,(y such lines is addressed in response to Ouestion 410.22.

QUESTION 410.25

Clarify whether the reactor ouilding steam tunnel it pact of the break exdusion boundary. Also,
provide a subcompartment analysis for the steam tunnel. Discuss how the structural integthy of the
tunnel and the equipment in the tunnel are protected against failures in the tunnel. (3.6.1)

RESPONSE 410.25

A subcompartment analysis for the reactor building steam tunnel is provided in Subsection
6.2.3.3.1. The steam tunnel has been designed for the worst case line break plus other appropriate
loads per ACl349. The valves and pipc< in the steam tunnel will be qualified for the environment,
plus shielded from jet loads. All safety-related pipes and valves will be protected from whipping
pipes.

QUESTION 410.26

State how the MSIV functional capability is protected. (3.6.1)

RESPONSE 410.26

As noted in the response to Question 410.22, to properly apply the protection methods, the actual
pipe dimensions, pipe routings, material properties, equipment and the detailed piping stress
analyses must be available to define the specific measure for protection against the associated
consequences of the postulated piping failure. Since this information will not be available until an

C,m applicant references the ABWR design in a specific licensing application, the applicant referencing
the ABWR design will submit the details of'now the MSIV functional capability is protected. This has
been added as an interface requirement and acided to Subsection 3.6.4.1.

Amendment 21 20.3-87
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QUESTION 410.27

Provide a sun mary table of the findings of an analysis of a posto'ated worst-case DBA rupture of a ,

| high or modstate-energy line for each of the following areas: 1) RCIC compartment,2) RWCU equipment |

and valve room,3) other applicable areas outside the containment (e.g., housing RIIR piping). (3.6.1)

RESPONSE 410.27

The compartment pressurization effects of postulated worst-case DBA ruptures in the areas above
are described in Subsection 6.2.3.3.1 Findings of analyses of other postulated pipe rupture effects
on these areas will be provided by applicant referencing the ABWR design as specified ir. Subsection
3.6.4.1.

QUESTION 410.28

Clarify whether protection for safety-related systems ar.d components against the dynamic effects
of pipe frilures include their enclosures in suitable design structures or components, drainage
systems and equipment environmental qualification as required. If so, give typical examples for the
above type of protection.

1 O

O,
-

1

|
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.. QUESTION 410.43 :

I

Discus compliance with GDC 4, * Environment and Missile Design Bases * and GDC 61," Fuel Storage =
and Handling and Radioactivity Control" as it relates to handling the spent fuel cask. (9.1.5)

RESPONSE 410.43

The fuel stMage pool is inside a tornado and missile protected building (reactor building). No-
additional protection from externally generated missiles needs to be provided. Internally generated
missiles, such as crane load drop, are protected by electrical interlocks and single failure proof |
crancs and hoists. 1

The following safeguards have been incorporated into the reactor buildlag crane for working with
heasy loads.

While carrying heavy loads, such as spent fuel cask, the reactor building crane is prohibited
| (1) from moving the heavy load over the spent fuel portion of the spent fuel pool.

(2) The spent fuel cask pool is separate from the spent fuel storage pool by a water tight gate.

(3) Only the spent fuel cask is carried over the spent fuel pool' The cask is carried over the cask
pit portion of the spent fuel pool.

QUESTION 410.44

Provide PAIDs for the Condensate Storage Facilities and Distribution System (i.e., Makeup Water
. Condensate (MUWC) System). Also, provide a list of tanks (with capacity) and other requirements in

the system. (9.2.9)

RESPONSE 410.44

The MUWC P&lD is provided as Figure 9.2 4. The only tank in this system is the condensate storage
tank which has a capacity of approximately 560,000 gallons. This tank is located outdoors adjacent
to the turbine building. The other requirements of this system are provided in Subsection 9.2.9. '

QUESTION 410.45

Clarify which portion of the MUWC system is within the ABWR scope. Also, identify the system.
interfaces which include flow rates, supply pressure and temperature. (9.2.9)--

RESPONSE 410.45

. All of the MUWC system is within the ABWR scope.

.. QUESTION 410.46

' Clarify whether the distribution system includes any surge volume and, if so, how much and for-

suction of which pumps, Also, if applicable, describe how protection against the effects of flooding
resulting from possible failure of the su_rge volume is ensured. Define what *HPCF pumps * means.
(9.2.9) .

|

|

0
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iFigure 20.3 - 55 COMPRESSED GAS SYSTEMS INTERCONNECTIONS
(Response to Question 430.217)
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