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Gentlemen:

Donald C. Cook Nuclear Plant Units 1 and 2
1997 FINAL SAFETY ANALYSIS REPORT UPDATE

Attached are ten copies of the changed pages for the 1997 update to

trans
our final safety analysis report (FSAR). These pages are being
ransmitted to you according to the provisions of 10 CFR 50.71(e) .

Instructions for incorporating the update are included with each

In addition to vertically barring the specific change, changed
pages have been dated."July 1997" in the lower right corner.

We- hereby certify that the information contained in this FSAR
update, to our knowledge, accurately presents changes made to the
plant from January 22, 1996, through'anuary 22 1997 We note

the process of performing a revalidation of the FSAR
to the plant design and operations. This effort is expected to be
completed in late 1998.
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1995
1995
1995
1995
1995
1995
1995
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991
1982
1982
1982
1982
1982
1982

Deleted 1982
1982
1982
1982
1990
1982
1982
1982
1982
1982
1982





Page 17

Chapter 3

VOLUME III
Rea or ni 2 Pacap

3.3-1
3.3-2
3.3-3
3.3-4
3.3-5
3.3-6
3.3-7
3.3-8
3.3-9
3 '-10
3.3-11
3.3-12
3.3-13
3. 3-14
3.3-15
3.3-16
3.3-17
3.3-18
3.3-19
3.3-20
3.3-21
3.3-22
3.3-23
3.3-24
3.3-25
3.3-26
3.3-27
3.3-28
3.3-29
3.3-30
3.3-31
3.3-32
3.3-33
3.3-34
3.3-35
3.3-36
3.3-37
3.3-38
3.3-39
3.3-40
3.3-41
3.3-42
3.3-43
3.3-44
3.3-45
3.3-46
3.3-47

Date

1991
1991
1991
1997
1991
1991
1991
1991
1993
1997
1997
1995
1991
1991
1991
1991
1991
1991
199$
1991
1996
1991
1992
1995
1991
1991
1991
1995
1991
1991
1991
1991
1991'991

1993
1991
1991
1991
1991
1991
1991
1991
1991
1995
1991
1991
1991



VOLUME IlI

Page 18

Chapter 3 React r Uni 2 Pacae

3.3-48
3.3-49
3.3-50
3.3-51
3.3-52
3.3-53
3.3-54
3.3-55
3.3-56
3.3-57
3.3-58
3.3-59
3.3-60
3.3-61
3.3-62
3.3-63
3.3-64
3.3-65
3.3-66
3.3-67
3.3-68
3.3-69
3.3-70

Fig. 3.3-1
Fig. 3.3-2
Fig. 3.3-3
Fig. 3.3-4
Fig. 3.3-5
Fig. 3.3-6
Fig. 3.3-7
Fig. 3.3-8
'Fig. 3.3-9
Fig. 3.3-10

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1997
1997
1997
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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Chapter 3 Reactor Unit 2

VOLUME III

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pa<ac

3.3-11
3.3-12
3.3-13
3.3-14
3.3-15
3.3-16
3.3-17
3.3-18
3.3-19
3.3-20
3.3-21
3.3-22
3.3-23
3.3-24
3.3-25
3.3-26
3.3-27
3.3-28
3.3-29
3.3-30
3.3-31
3.3-32
3.3-33
3.3-34
3.3-35
3.3-36
3.3-37
3.3-38
3.4-1
3.4-2
3.4-3
3.4-4
3.4-5
3.4-6
3.4-7
3.4-8
3.4-9
3.4-10
3.4-11

~Dte

1991
1991
1991
1991
1991
1991
1991
1991
1991
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1982
1991
1991
1991
1993
1991
1991
1991
1991
1992
1991



Page

20'hapter

3 R ctor Unit 2

VOLUME III
~acae

3.4-12
3.4-13
3.4-14
3.4-15
3.4-16
3.4-17
3.4-18 Deleted
3.4-19 Deleted
3.4-20
3.4-21
3.4-22
3.4-23
3.4-24
3.4-25
3.4-26
3.4-27
3.4-28
3.4-29
3.4-30
3.4-31
3.4-32
3.4-33
3.4-34
3.4-35
3.4-36
3.4-37
3.4-38
3.4-39
3.4-40
3.4-41
3.4-42
3.4-43
3.4-44
3.4-45
3.4-46
3.4-47
3.4-48
3.4-49
3.4-50
3.4-51
3.4-52
3.4-53
3.4-54
3.4-55
3.4-56
3.4-57
3.4-58
3.4-59
3.4-60

~Dte

1991
1991
1991
1993
1991
1997
1997
1997
1997
1991
1991
1993
1991
1993
1991
1991
1991
1991
1993
1991
1993
1991
1991
1991
1991
1991
1991
1991
1993
1991
1991
1992
1991
1991
1993
1991
1991
1991
1991
1992
1991
1991
1991
1991
1991
1991
1991
1991
1991
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Chapter 3 Rea tor Uni 2

VOLUME III
PacaP, ~Da e

3.4-61
3.4-62
3.4-63
3.4-64
3.4-65
3.4-66
3.4-67
3.4-68
3.4-69
3.4-70
3.4-71
3.4-72

Fig. 3.4-1
Fig. 3.4-2
Fig. 3.4-3
Fig. 3.4-4
Fig. 3.4-5
Fig. 3.4-6
Fig. 3.4-7
Fig. 3,.4-8
Fig. 3.4-9
Fig. 3.4-10
Fig.

3.4-11'ig.3.4-12
Fig. 3.4-13
Fig. 3 '-14

3.5-1
3.5-2
3.5-3
3.5-4

1991
1991
1991
1991
1991
1992
1992
1991
1991
1991
1991
1991
1991

'1991
1991
1991
1991

'991

1991
1991
1991
1991
1991
1991
1991
1991

Deleted 1996
Deleted 1996
Deleted 1996
Deleted 1996



0



Chapter 4

V LUME III
R tor Coolant S s em Pacae

Page

Date

22

4.1;1
4.1-2
4.1-3
4.1-4
4.1-5
4.1-6
4. 1-7
4.1-8
4.1-9
4.1-10
4.1-11
4.1-12
4.1-13
4.1-14
4. 1-15
4.1-16
4.1-17

'.1-18

4.1-19
4.1-20
4.1-21
4.1.22
4.1-23
4.1-24
4.1-25
4.1-26
4.1-27
4.1-28
4.1-29
4.1-30
4.1-31
4.1-32
4.1-33
4.1-34
4.1-35
4.1-36
4.1-37
4.1-38
4.1-39
4.1-40
4. 1-41
4.1-42
4.2-1
4.2-2
4.2-3
4.2-4
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-10
4.2-11
4.2-12

1991
1991
1982
1982
1982"
1982
1982
1982
1982
1982
1982
1990
1990
1990
1990
1991
1982
1982
1989
1982
1982
1997
1997
1982
1997
1997
1997
1997
1991
1997
1997
1997
1989'996
1996
1996
,1989
1989
1989
1991
1991
1996
1982
1982
1982
1989
1982
1982
1996'
1982
1994
1982
1989
1989
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Chapter 4

VOLUME III
R c or Coolant stem

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

4.2-13
4.2-14
4.2-15
4.2-16
4.2-17
4.2-18,
4.2-19
4.2-20
4 .2-21
4.2-22
4 .2-23
4.2-24
4.2-24a
4.2-25
4.2-26
4.2-27

, 4.2-28
4.2-29
4.2-30
4.2-31
4.2-32
4.2-33
4.2-34
4.2-35
4.2-36
4.2-37
4.2-38
4.2-39
4.2-40
4.2-41
4.2-1
4.2-1A
4.2-2
4.2-2A
4.2-3
4.2-4
4 .2-4A
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-9 Ref. (4pp)
4.3-1
4. 3-2
4.3-3
4.3-4
4.3-5
4.3-6
4.3-7
4.3-8
4.3-9

Date

1989
1982
1982
1982
1995
1983
1991
1991
1991
1997,
1982
1997
1997
1982
1995
1982
1986
1982
1982
1982
1996
1982
1987
1987
1987
1989
1989
1989
1996
1995
1984
1996
1982
1982
1982
1982
1989
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1982
1982



P



Page

Chapter 4

VOLUME III
Reactor oolant S s em

Fig.
Fig.
Fig.
Fig.

„ Fig.
Fig.
Fig.

Pa<ac

4.3-10
4.3-11
4 '-12
4.3"13
4.3-14
4.3-15
4.3-16
4.3-17
4.3-18
4.3-19
4.3-20
4.3-21
4.3-'22
4.3-23
4.3-24
4.3-25
4.3-26
4.3-27
4.3-28
4.3-29
4.3-30
4.3-31
4.3-32
4.3-33
4.3-34
4.3-35
4.3-1
4.3-2
4.3-3
4.3-4
4.3-5
4'. 3-6
4.3-7
4.4-1
4.4-2
4.4-3
4.5"1
4.5-2
4.5-3
4.5-4
4.5-5
4.5-6
4.5-7
4.5-8
4.5-9
4.5-10
4.5-11
4.5-12

~Dat

1982
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1990
1990
1989
1989
1990
1990
1990
1990
1989
1982
1982
1982
1982
1982
1990
199,0
1986
1988
1986
1982
1996
1982
1982
1996
1996
1996
1996
1996
1996
1996
1996
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Chapter 4

VQLUME III
Re ct r C lant tern Pacae

4.5-13
4.5-14
4.5-15
4.5-16
4.5"17
4.5-18
4.5-19
4.5-20
4.5-21
4.5-22
4.5-23
4.5-24
4.5-25
4.5-26
4.5-27
4.5-28
4.5-29

Fig. 4.5-1
Fig. 4.5-2
Fig. 4.5-2a
Fig. 4.5-3

Date

1996
1996
1996
1996
1996
1996
1996
1996'996
1996
1996
1996
1996
1989

,
1989
1989
1990
1982
1982
1996
1982
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Chapter 5 Containmen stem

VOLUME IV

Pacae

5.0-1
5.1-1
5.1-2
5.1-3
5.1-4
5.1-5
5.1-6
5.2-1
5.2-2
5.2-3
5.2-4
5.2-5
5.2-6
5.2-7
5.2-8
5.2-9
5.2-10
5.2-11 .

5.2-12
5.2-13
5.2-14
5.2-15
5.2-16
5.2-17
5.2-18
5.2-19
5.2-20
5.2-21
5.2-22
5.2-23
5.2-24
5.2-25
5.2-26
5.2-27
5.2-28
5.2-29
5.2-30
5.2-31
5.2-32
5.2-33
5.2-34
5.2-35
5.2-36
5.2-37
5.2-38
5.2-39
5.2-40
5.2-41
5.2-42
5.2-43
5.2-44
5.2-45

1989
1987
1982
1982
1982
1989
1989
1989
1982
1982
1982 „
1982
1986
1982
1990
1986
4982
1982
1982
1997
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1982
1987
1982
1982
1987
1987
1987
1982
1987
1987
1988
1987
1987
1987
1987
1995
1987
1990
1989
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Chapter 5 n ainmn st m

~VLUME XV

Pacae

5.2-46
5.2-47
5.2-48
5.2-49
5.2-50
5.2-51
5.2-52
5.2-53
5.2-54
5.2-55
5.2-56
5.2-57
5.2-58
5.2-59
5.2-60
5.2-61
5.2-62
5.2-63
5.2"-64
5.2-65
5.2-66
5.2-67
5.2-68
5.2-69
5.2-70
5.2-71
5.2-72
5.2-73
5.2-74
5.2-75
5.2-76
5.2-77
5.2-78
5.2-79
5.2-80
5.2-81
5.2-82
5.2-83
5.2-84
5.2-85
5.2-86
5.2-87
5.2-88
5.2-89
5.2-90
5.2-91
5.2-92
5.2-93
5.2-94
5.2-95

~Da e

1989
1989
1982
1988
1989
1989
1987'995

1988
1989
1990
1987
1987
1991
1989
1988
1987
1987
1987
1987
1987
1995
1988
1988
1987
1988
1987
1987
1987
1987
1987
1988
1988
1990
1991
1990
1990
1990
1990
1990
1990
1990
1990
1993
1990
1990
1990
1990
1990
1990
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Chapter 5 ntainm nt s em

VOLUME IV

Fig.
Fig.
Fig.
Fig.

, Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

~Pa e

5.2-96
5.2-97
5.2-98
5.2-99
5.2-100
5.2-101
5.2-102
5.2-103
5.2-104
5.2-105
5.'2-106
5.2-107
5.2-108
5.2-109
5.2-110
5.2-111
5. 2-112
5.2-113
S.2-114
5.2-115
5.2-116
5.2-117
5.2-118
5.2-119
5.2-120
5.2-121
5. 2-122
5.2-1
5.2-2
5.2-3
5.2-4
5.2-5
5.2.2-1
5.2.2-1A
5.2.2-2
5.2.2-2A
5.2.2-3
5.2.2-4
5.2.2-4A
5.2.2-4B
5.2.2-5
5.2.2-6
5.2.2-6A
5.2.2-6B
5.2.2-6C
5.2.2-6D
5.2.2-7
5.2.2-8
5.2.2-9
5.2.2-10
5.2.2-10A

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1995
1990
1991
1990
1990
%990
1990
1990
1990
1990
1990
1990
1982
1982
ORIG
1982
1988
1982
1982
1982
1982,
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
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Chapter 5 Con ainment stem

VOLUME IV

Fig.
Fig.
Fig.
Fig.
Fig:
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Parcae

5.2.2-11
5.2.2-11A
5.2.2-12
5. 2. 2-12A
5,.2.2-13
5.2.2-14
5.2.2-15
5.2.2-16
5.2.2-17
5.2.2-18
5.2.2-19
5.2.2-20
5.2.2-21
5.2.2-22
5.2.2-23
5.2.2-24
5.2.2-25
5.2.2-26
5.2.2-27
5.2.2-28
5.2.2-29
5.2.2-30
5.2.2-31
5.2.2-32
5.2.2-33
5.2.2-34
5.2.2-35
5.2.2-36
5.2.2-37
5.2.2-38
5.2.2-39
5.2.2-40
5.2.2-41
5.2.2-42
5.2.2-43
5.2.2-44
5.2.2-45
5.2.2-46
5.2.2-47
5.2.2-48
5.2.2-49
5.2.2-50
5.2.2-51
5.2.2-51A
5. 2. 2-51B
5 '.2-51C
5.2.2-51D
5.2.2-51E
5.2.2-52
5.2.2-52A
5.2.2-53

~Dat

1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982

"1982



Page 30

Chapter 5 Containment S stem

VOLUME IV

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

5.2.2-54B
5.2.2-55
5.2.2-55A
5.2.2-56
5.2.2-56A
5.2.2-57
5.2.2-57A
5.2.2-58
5.2.2-58A
5.2.2-59
5.2.2-59A
5.2.2-59B
5.2.2-59C
5.2.2-59D
5.2.2-59E
5.2.2-60
5.2.2-60A
5.2.2-60B
5.2.2-60C
5.2.2-61
5.2.2-62
5.2.2-63
5.2.2-64
5.2.2-65
5.2.2-65A
5.3-1
5.3-2
5.3-3
5.3-4
5.3-5
5.3-6
5.3-7
5.3-8
5.3-9
5.3-10
5.3-11
5.3-12
5.3-13
5.3-14
5.3-15
5.3-16
5.3-17
5.3-18
5.3-19
5.3-20
5.3-21
5.3-22
5.3-23

Pacae

Fig. 5.2.2-54
Fig. 5.2.2-54A

~Dat

1995
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1991
1991
1982
1982
1982
1982
1982
1982
1982
1982
1997
1997
1997
1982
1982
1997
1982
1997
1982
1997
1997
1997
1997
1997
1997
1997
1984
1997
1997
1997
1997
1997
1997



Chapter 5 ntainmen S st m

~VOL E IV

Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

5.3-24
5.3-25
5.3-26
5.3-27
5.3-28
5.3-29
5.3-30
5.3-31
5.3-32
5.3-33
5.3-34
5.3-35
5.3-36
5.3-1
5.3-2
5.3-2A
5.3-3
5.3-4
5.4-1
5.4-2
5.4-3
5.4-4
5.4-5
5.4-6
5.4-7
5.4-8
5.5-1
5.5-2
5.5-3
5.5-4
5.5-5
5.5-6
5.5-7
5.5-8
5.5-9
5.5-10
5.5-11
5.5-12
5.5-13

Page

~Da

1997
1982
1997
1997
1997
1997
1997
1988
1982
1988
1989
1993
1997
1982
1986
1986
1997
1982
1996
1995
1995
1995
1995
1995
1995
1997
1997
1982
1987
1997
1997
1996
1997
1997
1992
1992
1997
1987
1987

31
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Chapter 5 Containm n S st m

VOLUME IV

Pacae ~Dat

"5.5-14
5.5-15
5.5-16
5.5-17

Fig. 5.5-1
Fig. 5.5-2
Fig. 5.5-3

5.6-1
5.6-2
5.6-3
5.6-4

Fig. 5.6-1
5.7-1
5.7-2
5.7-3
5.7-4
5.7-5
5.7-6
5.7-7
5.7-8

Fig. 5.7-1
Fig. 5.7-2

1987
1997
1997
1997
1985
1985
1982
1993
1993
1992
1986
1997
1982
1982
1982
1982
1982
1997
1982
ORIG
1982
1982
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Chapter 6
4

VIILUME IV

En ineered S fe Fea res ~Pa

6.1-1
6.1-2
6.1-3
6.1-4
6.1-5
6.1-6
6.1-7
6.1 8
6.1-9
6.1-10
6.1-11
6.1"12
6.2-1
6.2-2
6.2-3
6.2-4
6.2-5
6.2-6
6.2-7
6.2-8
6.2-9
6.2-10
6.2-11
6.2-12
6.2-13
6.2-13a
6.2-14
6.2-15

.6.2-16
6.2-17
6.2-17a
6.2-18
6.2-19
6 .2-20
6.2-21
6.2-22
6.2-23
6.2-24
6.2-25
6.2-26
6.2-27
6.2-28
6.2-29
6.2-30
6.2-31
6.2-32
6.2-33
6.2-34
6.2-35
6.2-36
6.2-37

Date

1989
1989
1989
1989
1989
1989
1989
1989
1997
1989
1989
1989
1982
1982
1997
1982
1997
1997
1993
1993
1988
1996
1992
1997
1997
1997
1997
1997
1995
1997
1997
1992
1982
1997
1996
1990
1990
1995
1982
1982
1982
1982
1982
1993
1993
1982
1993
1982
1996'997

1997



0
h

C



Page

Chapter 6

VOLUME IV

En ineered afet Features

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig

Pacae

6.2-38
6.2-39
6.2-40
6.2-41
6.2-42
6.2-43
6.2-44
6.2-45
6.2-46
6.2-47
6.2-48
6.2-49
6.2-50
6.2-51
6.2-1
6.2-1A
6.2-2
6.2-3
6.2-4
6.2-5
6.3-1
6.3-2
6.3-3
6.3-4
6.3-5
6.3-6
6.3-7
6.3-8
6.3-9
6.3-10
6. 3-11
6.3-12
6.3-13
6.3-14
6.3-15
6.3-16
6.3-17 .

6.3-18
6.3-1

/
Deleted
Deleted

Date

1997
1997
1997
1996
1993
1997
1991
1993
1989
1989
1991
1991
1989
1996
1993
1995
1982
1982
1997
1997
1997
1994
1997
1982
1994
1982
1982
1982
1986
1991
1982
1982
1982
1989
1991
1991,
1992
1989
1982





Page 35

~VLUME V

Chapter 7 In rumentation nd Control Pacae

7.1-1
7.1-2
7.2-1
7.2-2
7.2-3
7.2-4
7.2-5
7.2-6
7.2-7
7.2-8
7.2-9
7.2-10
7.2-11
7.2-12
7.2-13
7.2-14
7.2-15
7.2-16
7.2-17
7.2-18
7.2-19
7.2-20
7.2-21
7.2-22
7.2-23
7.2-24

'".2-25
~--7 2-26

7.2-27a
7.2-27b
7.2-28
7.2-29
7.2-30
7.2-31
7.2-32
7.2-33
7.2-34
7.2-35
7.2-36
7.2-37
7.2-38
7.2-39
7.2-40
7.2-41
7.2-42
7.2-43
7.2-44
7.2-45
7.2-46

Date

1993
1982
1996
1990
1996
1982
1982
1996
1996
1982
1996
1996
1982
1982
1996
1996
1982
1982
1996
1996
1982
1982
1996
1996
1'996
1982
1996
1996
1996
1996
1982
1992
1987
1996
1996
1987
1987
1987
1992
1997
1995
1987
1996
1996
1990
1987
1987
1987
1990
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Chapter 7 Instrumentation and Control

Fig.
Fig.
Fig.
Fig.
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Pacae

7.2-47
7.2-48
7.2-49
7.2-50
7.2-51
7.2-52
7.2-,53
7.2-54
7.2-55
7.2-56
7.2-57
7.2-58
7.2-59
7.2-60
7.2-61
7.2-62
7.2-63
7.2-64
7.2-65
7.2-66
7.2-67
7.2-68
7.2-69
7.2-70
7.2-71
7.2-1a
7.2-1b
7.2-1c
7. 2-1d
7.2-2
7.2-3
7.2-4
7.2-5
7.2-6
7.2-7
7.2-8
7.2-9
7.3-1
703-2
7.3-3
7.3-4
7.3-5
7.3-6
7.3-7
7.3-8
7.3-9
7. 3-10
7.3-11
7. 3-12
7.3-13
7.3-1
7.4-1
7.4-2

Deleted
Deleted
Deleted
Deleted

Date

1996
1987
1987
1987

,1987
1987
1987
1989
1992
1989
1990
1990
1991
1992
1991
1997
1991
1991
1991
1991
1991
1991
1997
1997
1997
1996
1996
1996

'1996
1982
1982
1982
1982
1982
1982
1982
1982
1987
1997
1982
1982
1997
1992
1983
1982
1982,
1990
1982
1982
1982
1982
1982
1997



0

J'
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Chapter 7 Ens rumen a i n and Control Pacae Date

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

7.5-1
7.5-2
7.5-3
7.5-4
7.5-5
7.5-6
7.5-7
7.5-8
7.5-9
7.5-10
7.5-11
7.5-12
7.5-13
7.5-14
7.5-15
7.5-16
7.5-17
7.5-18
7.5-19
7.5-20
7.5-21
7.5-22
7.5-23
7.5-1
7.5-2
7.5-3
7.6-1
7.6-2
7.6-3
7.6-4
7.6-5
7.6-1
7.6-2
7.6-3
7.7-1
7.7-2
7.7-3
7.7-4
7.7-5
7.7-6
7.7-7
7.7-8
7.7-9
7.7-10
7.7-11
7.8-1
7.8-2

1982
1982
1982
1982
1997
1997
1995
1987
1997
1996
1982
1982
1991
1982
1982
1982
1982
1991
1982
1997
1989
1989
1989
1982
1982
1982
1991
1991
1991
1991
1991
1986
1982
1982
1982
1982
1982
1982
1995
1993
1991
1991
1995
1986
1996
1992
1996
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Chapter 7 Instrum n ation and C ntrol Parcae

7.8-3
7.8-4
7.8-5
7.8-6
7.8-7
7.8-8
7.8-9
7.8"10
7.8-11
7.8-12
7. 8-13
7.8-14
7.8-15
7.8-16

Date

1992
1997
1992
1992
1997
1997
1994
1993
1992
1992
1992
1997
1997
1997
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VOLUME V

Chapter 8 Electric l S stems

Fig.
Fig.
Fig.'ig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig

~acae

8. 1-1
8. 1-2
8. 1-3
'8. 1-4
8.1-5
8.1-6
8. 1-7
8.1-8
8.1-9
8. 1-'1
8.1-1A
8. 1-1B
8.1-2A
8. 1-2B
8.2"1
8.2-1
8.3-1
8.3-2
8.3-3
8.3-4
8.3-5
8.3-6
8.3-7
8.3-8
8.3-9
8.3-10
8.3-11
8.3-1
8.3-2
8.3-3
8.4-1
8.4-2
8.4-3
8.4-1
8.5-1
8.5-2
8.6-1
8.6-2

1997
1982
1990
1997
1997
1997
1997
1997
1997
1997
1997
1996
1997
1997
1997
1997
1997
1997
1990
1997
1990
1994
1994
1990
1990
1990
1990
1990
1990
1994
1997
1997
1997
1992
1997
1982
1986
1995
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VOLUMEV

A xiliar and Emer enc S s ms Pacae

9.1-1
9. 1-2
9. 1-3
9.1-4
9.2-1
9.2-2
9.2-3
9.2-4
9.2-5
9.2-6
9.2-7
9.2-8

. 9.2-9
9.2-10
9.2-11
9.2-12
9.2-13
9.2-14
9.2-15
9.2-16
9.2-17
9.2-18
9.2-19
9.2-20
9.2-21
9.2-22
9.2-23
9.2-24
9.2-25
9.2-26
9.2-27
9.2-28
9.2-29
9.2-30
9.2-31
9.2-32
9.2-33
9.2-34
9.2-35
9.2-36
9.2-37
9.2-38
9.2-39
9.2-40
9.2-41
9.2-42
9.2-43
9.2-44
9.2-45
9.2-46

'~Da e

1982
1982
1990
1982
1982
1982
1991
1986
1997
1997
1988
1987
1982
1982
1995
1982
1996
1997
1982
1990
1997
1992
1997
1994
1997
1997
1996
1988
1996
1997
1997
1997
1993
1993
1982
1982
1993
1991
1996
1982
1995
1982
1990
1997
1997
1997
1983
1997
1989
1990
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Chapter 9 Auxilia and Emer enc stems Pacae

. 9.2-47
9.2-48
9.2-49
9.2-50
9.2-51
9.2-52
9.2-53
9.2-54
9.2-55
9.2-56
9.2-57
9.2-58
9.2-59

Fig. 9.2-1
Fig. 9.2;2
Fig. 9.2-3
Fig. 9.2-4
Fig. 9.2-5
Fig. 9.2-6

9.3-"1
9.3-2
9.3-3
9.3-4
9.3-5
9.3-6
9.3-7
9.3-8
9.3-9
9.3-10
9.3-11
9.3-12
9.3-13
9. 3-14
9.3-15
9.3-16
9.3-17
9.3-18
9.3-19

Fig. 9.3-1
9.4-1
9.4-2
9.4-3
9.4-4
9.4-5
9.4-6
9.4-7
9.4-8
9.4-9
9.4-10
9.4-11
9.4-12
9.4-13

Fig. 9.4-1

~Dte

1989
1997
1997
1990
1997
1989
1995
1990
1997
1997
1989
1989
1989
1992
1982
1993
1982
ORIG
1982
1997
1982
1994
1994
1994
1994
1994
1994
1987
1986
1997
1990
1990
1990
1990
1991
1990
1990
1990
1996
1997
1997
1997
1997
1997
1982
1997
1990
1989
1995
1997
1989
1996
1997
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Chapter 9

VOLUME V

Auxili nd Emer enc S stems ~Pe

9. 5-1
9.5-2
9.5-3
9.5-4
9.5-5
9.5-6
9. 5'-7
9.5-8
9.5-9
9.5-10
9.5-11
9.5-12
9.5-13

Fig. 9.5-1
9.6-1
9.6-2
9.6-3
9.6-4
9.6-5
9.6-6

'.6-7

9.6-8
9.6-9

Fig. 9.6-1
Fig. 9.6-2

9.7-1
9.7-2a
9.7-2b
9.7-3
9.7-4
9.7-5
9.7-6
9.7-7
9.7-8
9.7-9
9.7-10
9.7-11
9.7-12
9.7-13
9.7-14
9.7-15
9.7-16
9.7-17
9.7-18
9.7-19
9.7-20
9.7-21
9.7-'22
9.7-23
9.7-24
9.7-25
9.7-26
9.7-27
9.7-28
9.7-29

~Da e

1985
1997
1997
1997
1996
1997
1997
1992
1997
1990

„1997
1993
1993
1995
1991
1983
1997
1987
1987
1988
1983
1983
1982
1992
1987
1982
1997
1997
1982
1996
1996
1997
1997
1997
1997
1997
1997
1997
1996
1996
1996
1996
1994
1994
1994
1994
1994
1996
1996
1997
1995
1995
1995
1995
1995
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Chapter 9

VOLUME V

Auxili and Emer n S ems

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Pacap

9.7-30
9.7-31
9.7-32
9.7-33
9.7-34
9.7-35
9.7-36
9.7-37
9.7-38
9.7-39
9.7-1
9.7-2
9.7-3
9.7-4
9.7-5
9.8-1
9.8-2
9.8-3
9.8-4
9.8-5
9.8-6
9.8-7
9.8-8
9.8-9
9.8-10
9.8-11
9.8-12
9.8-13
9.8-14
9.8-15
9.8-16
9.8-17
9.8-18
9.8-19
9.8-20
9.8-21
9.8-22
9 8-23
9.8-24
9.8-25
9.8-26
9.8-27
9.8-28
9.8-29
9.8-30
9.8-31
9.8-32
9.8-33
9.8-34
9.8-35
9.8-36
9.8-37
9.8-38
9.8-39
9.8-40
9.8-1
9.8-2

Date

1995
1996
1995
1994
1994
1994
1994
1994
1994
1994
1991
1994
1996
1996
1994
1994
1995
1995
1993
1995
1993
1993
1994
1993
1993
1993
1993
1994
1993
1993
1997
1997
1993
1994
1993
1993
1993
1997
1997
1987
1997
1987
1987
1994
1997
1993
1989
1989
1991
1989
1989
1989
1989
1993
1989
1993
1982
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Chapter 9

VOLUME V

Auxilia and Emer enc S s~t ms Pacae

Fig. 9.8-3
Fig. 9.8-4
Fig. 9.8-5
Fig. 9.8-6
Fig. 9.8-7

9.9-1
9.9-2
9.9-3
9. 9-4"
9.9-5
9.9-6
9.9-7
9.9-8
9.9-9

Fig. 9.9-1
Fig. 9.9-2

9.10-1
9.10-2
9.10-3
9.10-4

Fig. 9.10-1

Date

1991
1993
1993
1985
1982
1992
1997
1997
1997
1997
1991
1991
1997
1997
1997
1989
1997
1997
1997
1997
1986
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VOLUME VI

Steam and Power Conversion
Chapter 10 S s em

Fig.
Fig.
Fig
Fig

Fig
Fig

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig

Pacae

10.1-1
10.1-2
10.2-1
10.2-2
10.2-3
10.2-4
10.2-5
10.2-6
10.2-1
10.2-1A
10.2-1B
10.2-1C
10.3-1
10.3-2
10.3-3
10.3-4
10.3-5
10.3-6
10.3-1
10.3-1A
10.4-1
10.4-2
10.4-3
10. 5-1
10.5-2
10.5-3
10.5-4
10.5-5
10.5-6
10.5-7
10.5-8
10.5-1
10.5-2
10.5-2A
10. 5-'3
10.5-3A
10.5-4
10.5-4A
10.5-5
10.5-5A
10.6-1
10.6-2
10.6-3
10.6-4
10.6-5
10.6-1

~Dte

1992
1982
1997
1983
1985
1997
1985
1988
1984
1991
1982
1992
1986
1982
1986
1994
1995
1984
1984
1984
1991
1985
1991
1986
1991
1982'987

1990
1989
1997
1991
1995
1982
1982
1982
1982
1991
1991
1990
1982
1995
1982
1982
1996
1995
1982
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VOLUME VE

Chapter 10
Steam and Power Conversion

S s em Pacae

10.7-1
10.7-2
10.8-1
10.9-1
10.10-1
10.11-1
10.11-2
10.11-3

Date

1997
1982
1982
1997
1997
1997
1997
1983
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Chapter 11

VOLUME V)

Waste Disposal'and
R diati n Pro ec ion S stem

Fig

Pacae

11. 1-1
11.1-2
11. 1-3
11. 1-4
11.1-5
11.1-6
11. 1-7
11.1-8
11.1-9
11. 1-10
11. 1-11
11. 1-12
11. 1-13
11.1-14
11.1-15
)1.1-16
)$ . 1-17
11.1-18
11. 1-19
11.1-20
11. 1-21
11.1-22
11. 1-23
11.1-24
11. 1-25
11.1-1

Fig
Fig
Fig
Fig

11.)-2A
11.)-'2B
)1.1-3
11.1-4
11.2-1
11.2-2
11.2-3
11.2-4
11.2-5
11.2-6
11.2-7
11.2-8
11.2-9
11.2-)0
11.2-11
)1.2-12
11.2-13
11.2-14
11.2-15
1).2-16
11.2-17

Fig; 11.1-2

1985
1992
1997
1983
1996
1994
1997
1983
1996
1982
1994
1993
1985
1994
1985
1982
1994
1996
1989
1990
1990
1993
1989
1989
1989
1992
1994
1982
1993
1995
1992
1995
1983
1995
1995
1982
1982
1997
1997
1996
1996
1995
)995
1989
1997
1995
1989
1989
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Chapter ll
VOLUME VI

Waste Disposal and
Radia ion Protection s err Paae

Fig. 11.2-1
11.3-1
11.3-2,
11.3-3
11.3-4
11.3-5
11.3-6
11.3-7
11.3-8
11.3-9
11.3-10
'11.3-11
11.3-12
11.3-13
11. 3-,14
11. 3-15
11.3-16
11.3-17

, 11.3-18
'1.3-19

11.3-20
11.3-21ll.3-22
11.3-23
11.3-24
11.3-25
11.4-1
11.4-2
11.4,-3
11.4-4
11.4-5
11.4-6
11.4-7
11.4-8
11.4-9
11.4-10
13..4-11
11.4-12
11.5-1
11.5-2
11.5-3
11.5-4
11.5-5
11.5-6

Fig. 11.5-1

Deleted
Deleted
Deleted
Deleted
Deleted
Deleted

Deleted

~Da

1982
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1992
1997
1997
1997
1997
1997
1997
1997
1990
1997
1997
1997
1996
1997
1997
1997
1997
1997
1997
1997
1997
1995
1987
1990
1983
1989
1997
1989
1983



I
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Chapter 11

VOLUME VI

Waste Disposal and
Radia ion Protec ion S stem Pacae

11.6-1
11.6-2
11.6-3
11.6-4

Fig. 11.6-1
Fig. 11.6-2a
Fig. 11.6-2b
Fi'g. 11.6-2c

Date

1995
1997
1997
1996
1997
1986
1986
1990
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VOLUME VI

Chapter 12 Condu t of 0 erations ~Pe

12. 1-1
12.2-1
12.3-1
12.4-1
12.5-1
12.6-1
12.6-2
12.7-1

Date

1997
1994
1988
1983
1997
1997
1997
1992





Page

Chapter 13

VOLUME VI
'\

Initial Tests and 0 eration Pacae

13. 1-1
13.1-2
13.1-3
13.1-4
13.1-5
13.1-6
13.1-7
13.1-8
13.1-9
13.1-10
13.1-11
13.1-12
13.1-13
13.2-1
13.2-2
13.2-3
13.2-4
13.2-5
13.2-6
13.2-7
13.2-8
13.2-9
13.2-10
13.2-11
13 .2-12
13.2-13
13.3-1
13.3-2
13.3-3
13.3-4
13.3-5
13.3-6
13.3-7
13.3-8
13.4-1

~Da e

1991
1991
1991
1982
1989
1989
1991
1989
1991
1989
1991
1989
1989
1982
1991
1991
1991
1991
1991
1991
1991
1989
1991
1991
1991
1991
1982
1991
1982
1991
1982
1989
1991
1991
1983



0
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VOLUME VII

Chapter 14 afet An 1 is Unit ) Pacae

14 ~ 0-1
14.0-2
14.0-3
14.1-1
14. 1-2
14. 1-3
14.1-4
14.1-5
14.1-6
14.1-7
14.1-8
14 . 1-9
14.1-10
14.1-10a
14.1-11
14.1-12
14.1-13
14.1-14
14.1-15
14. 1-16
14.1-17
14.1-18
14.1-19
14.1-20
14.1-21
14. 1-22

Fig. 14. )-)
Fig. 14.1-2
Fig. 14.1-3
Fig. 14.1-4
Fig. — 14.1-5
Fig. 14.1-6

14.1.1-1
14.).1-2
14.1.1-3
14.1.1-4
14.1.1-5

Fig. 14. 1. 1-1
Fig. 14.1.1-2

14. 1.2-1
14 . 1.2-2
14.1.2-3
14 . 1.2-4
14.1.2-5
14.1.2-6
14.1.2-7

Fig. 14.1.2-1
Fig. 14.1.2-2
Fig. 14.1.2-3
Fig. 14.1.2-4
Fig. 14.1.2-5
Fig. 14.1.2-6
Fig. 14.1.2-7
Fig. 14.1.2-8
Fig. 14.1.2-9

~Da e

1993
1993
1993
1993
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1992
1993
1990
1997
1990
1990
1997
1997
1990
1990
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997



I

0
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

14.1.4-1
14.1.5-1
14.1.5-2
14.1.5-3
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1.6-6
14.1.6-7
14.1.6-8
14.1.6-9
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6"5
14.1.6-6
14.1.6-7
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
14.1.6-12
14.1.7-1
14.1.7-2
14.1.7-3
14.1.7"1
14.1.7-2
14.1.8-1
14.1.8-2
14.1.8-3
14.1.8-4
14.1.8-5
14.1.8-6
14.1.8-1
14.1.8-2
14.1.8-3
14.1.8-4
14.1.8-5

Pacae

14.1.3-1
14.1.3-2
14.1.3-3
14.1.3-4
14.1.3-5
14.1.3-6
14.1.3-7

Fig. 14.1.3-1
Fig. 14.1.3-2

~Da e

1993
1996
1992
1992
1990
1990
1996
1990
1990
1990
1990
1992
1992
1990
1997
1997
1997
1997
1990
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997

Deleted 1997
Deleted 1997
Deleted 1997

1990
1990
1997
1982
1982
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
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VOLUME V))

Chapter 14 fe Anal sis Uni 1

Fig
Fig.
Fig.
Fig.
Fig
Fig
Fig

Fig
Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig
Fig

Pacae

14.1.8-6
14.1.8-7
14.1.8-8.
14.1.8-9
14. 1. 8-10
14. 1. 8-11
14.1.8-12
14.1.9-1
14.1.9-2
14.1.9-3
14.1.9-1
14.1.9-2
14. 1. 10-1
14.1.10-2
14.1.10-3
14.1.10-4
14.1.10-5
14.1.10-6
14.1.10-7
14. 1. 10-8
)4.1.10-9
14.1.10-1
14.1.10-2
14.1. 10-3
14.1.10-4
14.1.10-5
14.1.10-6
14.1.10-7
14 . 1. 10-8
14.1.11-1
14.1.11-2
14.1.11-3
14.1.11-4
14. 1. 11-1
14.1.11-2
14.1.11-3
14. 1. 11-4
14 . 1. 11-5
14.1.11-6
14.1.11-7
14.1.11-8
14.1.12-1
14.1.12-2
14.1.12-3
14.1.12-4
14.1.12-1
14.1.12-2
14.1.13-1
14.1.13-2
14.1.13-3
14.1.13-4
14.1.13-5
14.1.13-6

Date

1997
1997
1997
1997
1997
1997
1997
1990
1997
1990
1990
1990
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1990
1993
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1991
1991
1989
1982
1995
1995
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Chapter 14 Safet Anal sis Uni 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

14.1.13-7
14.1.13-8
14.1.'13-9
14.1.13-10
14.1.13-11
14.1.13-12
14.1.13-13
14.1.13-14
14.1.13-15
14 . 1. 13-16,
14.1.13-17
14.1.13-1
14. l. 13-2
14.1.13-3
14. 1. 13-4
14.1.13-5
14.1.13-6
14.2.1-1
14.2.1-2
14.2.1-3
14.2.1-4
14.2. 1-5
14.2.1-6a
14.2.1-6b
14.2.1-7
14.2.1-8
14.2. 1-9
14.2.1-10
14.2.1-11
14.2.1-12
14.2.1-13
14.2.1-14
14.2.1-15
14.2.1-16
14.2.1-17 Deleted
14.2.1-18
14.2.2-1
14.2.2-1a
14.2.2-2
14.2.2-3
14.2.2-4
14.2.3-1
14.2.3-2
14.2.3-3
14.2.3-4
14.2.4-1
14.2.4-2
14.2.4-3
14.2.4-4
14 .2.4-5
14 . 2. 4-6
14.2.4-7
14.2.4 "8
14.2.4-9

~Da e.

1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1990
1'982
1982
1982
1982
1982
1982
1990
'1996
1995
1995
1996
1997
1996
1996
1995
1997
1997
1995
1995
1995
1995
1995
1997
1995
1995
1997
1997
1997
1997
1997
1997
1990
1990
1990
1997
1997
1997
199.7
1997
1997
1997
1997
1997
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VOLUME V?I

Chapter 14 Saf Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

14.2.5-1
14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.5-7
14.2.5-8
14.2.5-9
14.2.5-10
14.2.5-11
14.2.5-1
14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.5-7
14.2.6-1
14.2.6-2
14.2.6-3
14.2.6-4
14.2.6-5
14.2.6-6
14.2.6-7
14.2.6-8
14.2.6-9
14.2.6-10
14 . 2. 6-11
14 . 2. 6-12
14.2.6-13
14 . 2. 6-14
14.2.6-15
14.2.6-16
14.2.6-1
14.2.6-2
14.2.6-3
14.2.6-4
14.2.7-1
14.2.7-2
14.2.7-3
14.2.7-4
14.2.7-5
14.2.7-6
14.2.7-7
14.2.7-8
14.2.7-9
14.2.7-10
14.2.7-11
14.2.7-1
14.2.7-2
14.2.7-3

Fig. 14.2.4-1

~Da e

1982
1997
1997
1990
1990
1990
1997
1997
1990
1990
1997
1997
1997
1997
1997
1997
1997
1997
1997
1990
1990
1990
1990
1997
1990
1990
1990
1990
1990
1997
1997
1990
1990
1997
1997
1997
1997
1997
1997
1990
1990
1990
1990
1990
1996
1996
1996
1995
1995
1997
1982
1982
1987



'D

r,
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VOLUME VII

Chapter 14 Safet al sis Unit 1 Pacae

Fig. 14.2.7-4
Fig. 14.2.7-5

14.2.7-6
14.2.7-7
14.2.7-8

Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

14.2.7-9
14.2.7-10
14.2.7-11
14.2.7-12
14.2.8-1
14.3.1-1
14.3.1-2
14.3.1-3
14.3.1-4
14.3.1-5
14.3.1-5a
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-8a
14.3.1-9
14.3. 1-10
14.3. 1-11
14.3.1-1la
14. 3. 1-12
14.3.1-13
14.3.1-14
14.3.1-14a
14.F 1-15
14.3.1-16
14.3.1-17
14.3.1-18
14.3.1-19
14.3.1-20
14.3.1-21 Deleted
14 . 3. 1- la
14.3. 1-.1b
14.3.1-lc

Date'987

1982
1982
1982
1982
1990
1990
1990
1990
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1993
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997



0
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VOLUME ViI

Chapter 14 Safet An 1 is Uni 1

Fig.
Fig.
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

14.3.1-3f
14.3. 1-4a
14.3.1-4b
14 . 3. 1-4c
14.3.1-4d
14.3.1-4e
14.3.1-4f
14.3.1-5a
14.3.1-5b
14.3.1-5c
14.3.1-5d
14.3.1-5e
14. 3. 1-Sf
14.3.1-6a
14.3.1-6b
14.3.1-6c
14.3.1-6d
14.3.1-6e
14.3.1-6f
14.3.1-7a
14.3.1-7b
14.3.1-7c
14.3.1-7d
14.3.1-7e
14.3.1-7f
14.3.1-8a
14 .3 . 1-Bb
14. 3. 1-8c

Paae

Fig. 14.3.1-1d
Fig. 14.3.1-1e
Fig. 14.3.1-1f
Fig. 14.3.1-2'a
Fig. 14.3.1-2b
Fig. 14.3.1-2c
Fig. 14.3.1-2d
Fig. 14.3.1-2e
Fig. 14.3.1-2f
Fig. 14.3.1-3a
Fig. 14.3.1-3b
Fig. 14.3.1-3c
Fig. '14.3.1-3d
Fig. 14.3.1-3e

Date

1997
1997-
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
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VOLUME VIl

Chapter 14 Safet Anal sis Unit 1

Fig
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Pacae

14.3. 1-Sd
14.3. 1-Se
14. 3. 1-8 f
14.3.1-9a
14.3.1-9b
14.3.1-9c
14.3.1-9d
14.3.1-9e
14.3.1-9f
14.3.1-10a
14.3.1-10b
14.3.1-10c
14.3.1-10d
14.3.1-10e
14.3.1-10f
14.3.1-11a
14.3.1-lib
14.3.1-11c
14.3.1-11d
14.3.1-lie
14.3.1-3.1f
14.3.1-12a
14.3.1-12b
14 . 3 . 1-12c
14 .3. 1-12d
14.3.1-12e
14.3.1-12f
14.3.1-13a
14.3.1-13b
14.3.1-13c
14.3.1-13d
14.3.1-13e
14.3.1-13f
14.3.1-14
14.3.1-15
14.3.1-16
14.3.1-17
14.3.1-18
14.3.1-19
14.3.1-20
14.3.1-21
14.3.1-22
14.3.1-23

Deleted
Deleted
Deleted
Deleted

~Da e

1397
1997
1997
1997

'1997
1997
1997
1997
1997
1997,
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997





VOLUME VII

Page 60

Chapter 14 S fet Anal sis Unit 1 Pa<ac

14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6
14.3.2-7
14.3.2-7a
14.3.2-7b
14.3.2-7c
14.3.2-7d
14.3.2-7e
14.3.2-8
14.3.2-9
14.3.2-10
14.3.2-11
14.3.2-12
14.3 '-13
14.3.2-14
14.3.2-15
14.3.2-16
14.3.2-17
14.3.2-18
14.3.2-19
14.3.2-20
14.3.2-21
14.3.2-22

Fig. 14.3.2-1
Fig. 14.3.2-2
Fig. 14.3.2-3
Fig. 14.3.2-4
Fig. 14.3.2-5
Fig. 14.3.2-6
Fig. 14.3.2-7
Fig. 14.3.2-8
Fig. 14.3.2-9
Fig. 14.3.2-10
Fig. 14.3.2-11
Fig. 14.3'.2-12
Fig. 14.3.2-13
Fig. 14.3.2-14
Fig. 14.3.2-15
Fig. 14.3.2-16
Fig. 14.3.2-17
Fig. 14.3.2-18
Fig. 14.3.2-19
Fig. 14.3.2-20
Fig. 14.3.2-21
Fig. 14.3.2-22
Fig. 14.3.2-23
Fig. 14.3.2-24
Fig. 14.3.2-25
Fig. 14.3.2-26
Fig. 14.3.2-27
Fig. 14.3.2-28

Da e

1990
1990
1990
1990
1990
1996
1997
1995
1995
1997
1997
1997
1990
1990
1996
1990
1990
1990
1997
1995
1995
1995
1995
1995
1995
1997
1997
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
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V LUME VIII

Chapter. 14 Safet Anal si Unit 1

Fig.
Fig.
Fig.
Fig.'ig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Pacae

14.3.2-29
14.3.2-30
14.3.2-31
14.3.2-32
14.3.2-33
14.3.2-34
14 '.2-35
14.3.2-36
14.3.2-37
14.3.2-38
14.3.2»39
14.3.2-40
14.3.2-41
14.3.2-42
14.3.2-43
14.3.2-44
14.3.2-45
14.3.2-46
14.3.2-47
14.3.2-48
14.3.2-49
14.3.2-50
14.3.2-51
14.3.2-52
14.3.2-53
14.3.2-54
14.3.2-55
14.3.2-56
14.3.2-57
14.3.2-58
14.3.2-59
14.3.2-60
14.3.2-61
14.3.2-62
14.3.2-63
14.3.2-64
14.3.2-65
14.3.2-66
14.3.2-67
14.3.2-68
14.3.2-69
14.3.2-70
14.3.2-71
14.3.2-72
14.3.2-73
14.3.2-74
14.3.2-75
14.3.2-76
14.3.3-1
14.3.3-2
14.3.3-3
14.3.3-4
14.3.3-5
14.3.3-6
14.3.3-7
14.3.3-8
14.3.3-9
14.3.3-10
14.3.3-11

Daae

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990,
1990
1995
1995
1995
1995
1995
1995'995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
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.VOLUME VIII

Chapter 14 Safe Anal si Unit 1 ~Pa e

14.3.4-1
14.3.4-2
14.3.4-3
14.3.4-4
14.3.4-5
14.3.4-6
14.3.4-7
14.3.4-8
14.3.4-9
14.3.4-10
14.3.4-11
14.3.4-12,
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-16a
14.3.4-17
14,3.4-18
14.3.4-19
14.3.4-20
14.3.4-21
14.3.4-22
14.3.4-23
14.3.4-24
14.3.4-25
14.3.4-26
14.3.4-27
14 '.4-28
14.3.4-29
14.3.4-30
14.3.4-31
14.3.4-32
14.3.4-33
14.3.4-34
14.3.4-34a
14.3.4-35
14.3.4-36
14.3.4-37
14.3.4-38
14.3.4-39
14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44
14.3.4-44a
14.3.4-45
14.3.4-46
14.3.4-46a
14.3.4-47
14.3.4-48
14.3.4-49
14.3.4-50
14.3.4-51
14.3.4-52

Date

1997
1992
1992
1992
1992
1992
1992
1992
1997
1992
1992
1997-
1992
1997
1997
1997
1997
1997
1997
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992

'1992
1997
1997
1992
1992
1997
1997
1997
1992
1997
1997
1997
1997
1997
1997
1997
1997
1992
1992
1992
1992
1992
1997
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VQLUME VIII

Chapter 14 Safe Anal sis Unit 1 Pa<ac Date

14.3.4-53
14.3.4-54
14.3.4-55
14.3.4-56
14.3.4-57
14.3.4-58
14.3.4-59
14.3.4-60
14.3.4-61
14.3.4-62
14.3.4-63
14.3.4-64
14.3.4-65
14.3.4-66
14.3.4-67
14.3.4-68
14.3.4-69
14 .3.4-70
14.3.4-71
14.3.4-72
14.3.4-73
14.3.4-74
14.3.4-75
14.3.4-76
14.3.4-77
14.3.4-78
14.3.4-79
14.3.4-80
14.3.4-81
14.3.4-82
14.3.4-83
14.3.4-84
14.3.4-85
14.3.4-86
14.3.4-87
14.3.4-88
14 .3 .4-89
14.3.4-90
14.3.4-91
14.3.4-92
14.3.4-93
14.3.4-94
14.3.4-95
14.3.2-96
14.3.2-97
14.3.4-98
14.3.4-99
14.3.4-100
14.3.4-101
14.3.4-102
14.3.4-103
14.3.4-104
14.3.4-105
14.3.4-106
14.3.4-107
14.3.4-108
14.3.4-109
14 .3.4-110
14 . 3-4-111

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1997
1997
1992
1997
1992
1992
1997
1997
1997
1997
1997
1997
1997
1997
1997
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992



Page 64

Chapter 14

VOLUME VIII
af Anal sis (Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Parcae

14.3.4-112
14.3.4-113
14.3.4-114
14.3.4-115
14.3.4-116
14.3.4-117
14.3.4-118
14.3.4-119
14.3.4-120
14.3.4-121
14.3.4-122
14.3.4" 123
14 . 3 . 4-124
14.3.4-125
14 . 3 . 4-126
14.3.4-127
14.3.4-128
14.3.4-129
14.3.4-130
14.3.4-131
14.3.4-132
14.3.4-133
14.3.4-134
14.3.4-135
14.3.4-136
14.3.4-13 I
14.3.4-138
14.3.4-139
14.3.4-140
14 . 3 . 4-141
14.3.4,-142
14 ..3.4-143
14.3.4-144
14 . 3. 4-145
14.3.4-146
14.3.4-147
14.3.4-148
14.3.4-149
14.3.4-150
14.3.4-151
14 . 3 . 4-152
14.3.4-153
14.3.4-154
14.3.4-155
14.3.4-156
14.3.4-157
14.3.4-158
14.3.4-159
14.3.4-160
14'-.3.4-161
14.3.4-1
14.3.4-2
14.3.4-3
14.3.4-4
14.3.4-5
14.3.4-6
14.3.4-7
14.3.4-8
14.3.4-9
14.3.4-10
14.3.4-lla

Delete
Delete
Delete

Delete
Delete
Delete

Delete
Delete
Delete

Delete

Delete

Delete

~Dat

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1997
1997
1997
1997
1997
1997
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Chapter 14

VOLUME VIII
Safet Anal is Unit 1

Fig. 14.3.4-11b
Fig. 14.3.4-12a
Fig. 14.3.4-12b
Fig. 14.3.4-13
Fig. 14.3.4-14
Fig. 14.3.4-15
Fig. 14.3.4-16
Fig. 14.3.4-17
Fig. 14.3.4-18
Fig. 14. 3 . 4-19
Fig. 14.3.4-20
Fig. 14.3.4-21
Fig. 14.3.4-22
Fig. 14.3.4-23
Fig. 14.3.4-24
Fig. 14.3.4-25
Fig. 14.3.4-26
Fig. 14.3.4-27
Fig. 14.3.4-28
Fig. 14.3.4-29
Fig. 14.3.4-30
Fig. 14.3.4-31
Fig. 14.3.4-32
Fig. 14.3.4-33
Fig. 14.3.4-34
Fig. 14.3.4-35
Fig. 14.3.4-36
Fig. 14.3.4-37
Fig. 14.3.4-38
Fig. 14.3.4-39

~Da e

1997
1997
1997
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992

"'992

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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Chapter 14

VOLUME VIII
Saf t Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig.
Fig.

Pacap,

14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44
14.3.4.45
14.3.4-46
14.3.4-47
14.3.4-48
14.3.4-49
14.3.4-50
14.3.4-51
14.3.4-52
14.3.4-53
14.3.4-54
14.3.4-55
14.3.4-56
14.3.4-57
14.3.4-58
14.3.4-59
14.3.4-60
14.3.4-61
14.3.4-62
14.3.4-63
14.3.4-64
14 .3 . 4-65
14.3.4-66
14.3.4-67
14.3.4-68
14.3.4-69
14.3.4-70
14.3.4-71
14.3.4-72
14.3.4-73
14.3.4-74
14.3.4-75
14.3.4-76
14.3.4-77
14..3.4-78
14.3.4-79
14.3.4-80
14.3.4-81
14.3.4-82
14.3.4-83
14.3.4-84
14.3.4-85
14.3.4-86
14.3.4-87
14.3.4-88
14.3.4-89
14.3.4-90
14.3.4-91
14.3.4-92
14.3.4-93

(2 pp)

Date

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1990
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1 Pacap.

14.3.5-1
14.3.5-2
14.3.5-3
14.3.5-4
14.3 '-5
14.3.5-6
14.3.5-7
14.3.5-8
14.3.5-9
14.3.5-10
14.3.5-11
14.3.5-12
14.3.5-13
14.3.5-14
14. 3. 5" 15
14.3.5-16
14.3.5-17
14.3.5-18
14.3.5-19
14.3.5-20
14 .3. 5-21
14.3.5-22
14.3.5-23
14.3.5-24
14.3.5-25
14.3.5-26
14.3.5-27
14.3.5-28
14.3.5-29
14.3.5-30
14 . 3 .5-31
14.3.5-32
14.3.5-32a
14.3.5-33
14.3.5-34
14.3.5-35
14.3.5-36
14.3.5-37
14.3.5-38
14.3.5-39
14.3.5-40

~Dat

1997
1997
1986
1982
1982
1982
1982
1982
1983
1982
1983
1986
1982
1986
1982
1997
1982
1983
1982
1982
1982
1982
1982
1982
1996
1997
1995
1995
1997
1995
1995
1996
1997
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME EX

Chapter 14 Safet Anal sis Unit 1 Pacae

14.3.5-41
14.3.5-42
14.3.5-43

Fig. 14.3.5-1
Fig. 14.3.5-2
Fig. 14.3.5-3
Fig. 14.3.5-4
Fig. 14.3.5-5
Fig. 14.3.5-6

14.3. 6-1
14.3.6-2
14.3.6-3
14.3.6-4
14.3.6-5
14.3.6-6
14.3.6-7
14.3.6-8
14.3.6-9
14.3.6-10
14.3.6-11
14.3.6-12
14.3.6-13

', 14.3.6-14
14.3.6-15
14.3.6-16
14.3.6-17
14.3.6-18
14.3.6-19
14.3.6-20 ~

14 . 3. 6-21
14.3.6-22
14.3.6-23
14.3.6-24
14.3.6-25
14.3.6-26
14.3.6-27
14.3.6"28
14'.3.6-29
14.3.6-30
14.3.6-31
14.3.6-32
14.3.6-33
14.3.6-34
14.3.6-35
14.3.6-36
14.3.6-37

Date

'1995
1997
1995
1982
1982
1982
1982
1987
1987
1989
1982
1991
1989
1982
1982
1982
1982
1982
1982
1990
1990
1990
1990
1990
1990
1990
1990
1990
1994
1990
1990
1990
1990
1990
1990
1991
1990
1991
1997
1990
1990
1990
1990
1990
1990
1990





Page 69

VOLUME IX

Chapter 14 afet Anal sis Unit 1 Pacae

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

14.3.6-8
14.3.6-9
14.3.6-10
14.3.6-11
14.3.6-12
14.3.6-13
14.3.6-14
14.3.6-14A
14.3.6-15
14.3.6-'16
14.3.6-17
14.3.6-18
14.3.6-19
14.3.6-20
14.3.6-21
14.3.6-22
14'.3.7-1
14.3.8-1
14.4.1-1
14.4.2-1
14.4.2-2

'4.4.2-3

14.4.2-4
14. 4. 2-5
14. 4 .2-6
14.4.2-7
14.4.2-8
14.4.2-9
14.4.2-10
14.4.2-11
14.4.2-12
14 .4.2-13
14.4.2-14

14.3.6-38
14.3.6-39
14.3.6-40
14.3.6-41
14.3.6-42
14.3.6-43
14.3.6-44
14.3.6-45
14.3.6-46
14.3.6-47

Fig. 14.3.6-1
Fig. 14.3.6-2
Fig. 14.3.6-6

, Fig. 14.3.6-7

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1982
1982
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1993
1993
1992
1992
1982
1982
1982
1982
1997
1982
1982
1982
1982
1982
1982
1987
1982
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VOLUME IX

Chapter 14 Saf'et Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.'ig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

14.4. 2-15
14.4.2-16
14.4.2-17
14.4.2-18
14.4.2-19
14.4.2-20
14.4.2-21
14.4.2-22
14.4.2-23
14.4.2-24
14.4.2-25
14.4.2-26
14.4.2-27
14.4.2-28
14.4.2-29
14.4.2-30
14.4.2-31
14.4.2-32
14.4.2-33
14.4.2-34
14.4.2-35
14.4.2-36
14.4.2-37
14.4.2-38,
14.4.2-39
14.4.2-40
14.4.2-41
14.4.2-42
14.4.2-43
14.4. 2-1
14.4.2-2
14.4.2-3
14.4.2-4
14.4.2-5
14.4.2-6
14.4.2-7
14.4.2-8
14.4.2-9
14.4.2-10
14.4.2-11
14.4.2-12
14.4.2-13
14.4.2-14
14.4.2-15
14. 4. 2-16
14.4.2-17
14.4.2-18
14.4.2-19
14.4.2-20
14.4.2-20A
14.4.2-21
14.4.3-1
14.4.3-2
14.4.3-3,

Date

1982
1997
1982
1982
1982
1982
1982
1995
1982
1995
1982
1982
1982
1990
1990
1990
1990
1990
1990
1990
1990
1996
1994
1990
1990
1990
1990
1990
1990
1982
1982
1982
1982
1982
1982
1982
1995
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1995
1982
1997
1997
1997
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.

Pacae

14.4.3-4
14.4.3-5
14.4.4-1
14.4.4-2
14.4.4-3
14.4.4-4
14.4.4-5
14.4.4-6
14.4.4-7
14.4.4-8
14.4.4-9
14.4. 4-10
14.4. 5-1
14.4.5-2
14. 4. 6-1
14.4.6-2
14.4.6-3
14.4.6-4
14.4.6-5
14.4.6-6
14.4.6-7
14.4.6-8
14.4.6-9
14. 4. 6-10
14. 4. 6-11
14.4.6-12
14.4.6-13
14.4. 6-14
14.4.6-15
14.4.6-16
14.4.6-17
14.4.6-18
14.4.6-19
14.4.6-20
14.4.6-21
14.4.6-22
14.4.6-23
14.4.6-24
14.4.6-25
14.4.6-26
14.4.6-27
14.4.6-28
14.4.6-29
14.4.6-30
14.4.6-31
14.4.6"32
14.4.6-33
14.4.6-34
14.4.6"35
14'.4.6-36
14.4.6-37
14.4.6-38
14.4.6-39
14.4.6-40
14.4.6-41
14.4.6-42
14.4.6"1
14.4.6-2
14.4.6-3
14.4.6-4

Date

1997
1990
1995
1990
1990
1997
1990
1990
1990
1990
1990
1990
1990
1990
1994
1994
1996
1990
1993
1990
1996
1990,
1990
1993
1993
1993
1993
1993
1993
1990
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1982
1982
1982
1982
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VOLUME EX

Chapter 14 Safet Anal sis Unit 1

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

-Fig.
Fig.

J

pacae

14 '.6-5
14.4.6-6
14.4.6-7
14.4.6-8
14.4.6-9
14.4.6-9a
14.4.6-9b
14.4. 6-10
14.4.6-10a
14.4.6-11
14.4.6-11a
14.4.7-1
14.4.7-2
14.4.8-1
14.4.9-1
14.4.9-2
14.4.9-3
14.4.9-1
14.4.9-2
14.4.10-1
14.4.10-2
14.4.10-3
14.4. 10" 4
14.4.10-5
14.4.10-6
14. 4. 11-1
14. 4. 11-2
14.4.11-3
14. 4. 11-4
14. 4. 11-5
14.4.11-6
14.4.11-7
14.4. 11-8
14. 4. 11-19
14. 4. 11-20
14.4. 11-21
14.4. 11-22
14. 4. 11-23
14.4. 11-24
14.4. 11-25
14.4. 11-26
14. 4. 11-27
14A-1
14A-2
14A-3
14A-4
14A-5
14A"6
14A-7
14A"8
14A-9
14A-10

Deleted

Date

1993
1996
1987
1987
1993
1993
1993
1993
1993
1993
1992
1990
1990
1990
1990
1996
1990
1982
1982
1990
1990
1997
1990
1990
1997
1996
1990
1997
1990
1990
1990
1996
1996
1997
1990
1990
1990
1990
1990
1990
1997
1997
1992
1982
1982
1982
1982
1982
1982
1982

~ 1982
1982
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VOLUME IX

Chapter 14 Safe Anal sis Unit 1

Table
Table
Table

Fig.
Fig.
Fig.

~Pa e

14A-11
14A-12
14A-13
14A-14
14A-15
14A-16
14A-17
14A-18
14A-19
14A-20
14A-21
14A-22
14A-23
14A-24
14A-25
14A-26
14.G-1
14.G-2
14.G-3
14.G-4
14.G-5
14.G"6
14 . G-7
14.G-8
14.G-9
14.G-10
14.G-11
14.G-12
14.G-1
14.G-2
14.G-3
14.G-1
14.G-1 Notes
14.G-2

Date

1982
1992
1992
1992
1992
1993
1993
1992
1992
1992
1992
1992
1992
1992
1992
1992
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1988
1987
1987
1987
1987

(3 pp) 1988
1987
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VOLUME X

Chapter 14 a"et Anal sis Unit 2 Pacae

14.0-1
14.0-2
14.0-3
14.0-4
14.0-5
14.1-1
14.1-2
14.1 '-1
14.1.0-2
14. 1. 0-3
14.1.0-4
14.1.0-5
14.1.0-6
14.1.0-7
14.1.0-8
14.1.0-9
14.1.0-10
14.1.0-11
14.1.0-12
14.1.0-13
14.1.0-14
14. 1. 0-15
14.1.0-16
14.1.0-17
14.1.0-18
14.1.0-19
14.1.0-20
14'. 1. 0-21
14.1.0-22
14.1.0-23
14.1.0-24
14.1.0-25
14.1.0-26
14.1.0-27
14.1.0-28
14 '.0-29
14.1.0-30

14.1.0-1
14.1.0-2
14.1.0-3
14.1.0-4
14.1.0-5
a4.a.o-6
14.1.0-7
14..1.1-1
14.1.1-2
14. 1. 1-3
14.1.1-4
14.1.1-5
14.1.1-6
14.1.1-7
14.1.1-8

Fig
Fig
Pig
Fig
Fig
Fig
Fig

Pig. 14.1.1-1

~Dte

1997
1995
1995
1995
1995
1993
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1993
1993
1993
1993
1993
1993
1993
1993
1991
199a
1997
1991
1991
1991
1991
1992
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Chapter 14

VOLUME X

Safe Anal si Unit 2 Pacae

Fig. 14.1.1-2
14.1.2A-1
14.1.2A-2
14.1.2B-1
14.1.2B-2
14.1.2B-3
14.1.2B-4
14.1.2B-5
14.1.2B-6
14.1.2B-7

Fig. 14. 1.2B-1
Fig. 14.1.2B-2
Fig. 14. 1. 2B-3
Fig. 14.1.2B-4
Fig. 14.1.2B-5
Fig. 14.1.2B-6
Fig. 14.1.2B-7
Fig. 14.1.2B-8
Fig. 14.1.2B-9

14.1.3-1
14.1.3-2
14.1.3-3
14.1.3-4
14. 1. 3-5
14.1.3-6
14.1.3-7

Fig. 14. 1. 3-1
Fig. 14.1.3-2

14.1.4-1
14.1.5-1
14.1.5-2
14.1.5-3
14.1.5"4
14.1.5-5

Delet
Delet

e
e

~Dte

1992
1995
1995
1991
1993
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1993
1996
1995
1995
1995
1995
1996
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME X

Chapter 14 ~S fet Anal sis Unit 2 Pacae

14.1.5-6
14.1.5-7
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1.6"6
14.1.6-7
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
14.1.6-12
14. 1. 6" 13

Fig. 14. 1.6-1
Fig. 14.1.6-2
Fig. 14.1.6-3
Fig. 14.1.6-4
Fig. 14. 1.6-5
Fig. 14.1 '-6
Fig. 14. 1. 6-7
Fig. 14.1.6-8
Fig. 14.1..6-9
Fig. 14.1.6-10
Fig. 14.1.6-11
Fig. 14. 1. 6 "12

14. 1.7-1
14;1.7-2
14.1.7-3
14.1.7-4
14.1.7-5

Fig. 14. 1.7-1
14 ~ 1. 8A-1
14.1.8A-2

Delet
Delet

e
e

Date

1991
1991
1991
1991
1991
1996
1996
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1992
1995
1995
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VOLUME X

Chapter 14 Safet Anal sis Uni 2 Pacae ~Dat

14.1.8B-1
14.1.8B-2
14.1.8B-3
14.1.8B-4
14.1.8B-S
14.1.8B-6
14.1.8B-7
14. l. 8B-8

Fig. 14.1.8B-1
Fig. 14.1.8B-2
Fig. 14.1.8B-3
Fig. 14.1.8B-4
Fig. 14.1.8B-S
Fig. 14.1.8B-6
Fig. 14.1.8B-7
Fig. 14.1.8B-8
Fig. 14.1.8B-9
Fig. 14.1.8B-10
Fig. 14.1.8B-ll
Fig. 14.1.8B-12

14.1.9"1
14. 1. 9-2
14.1.9-3
14.1.9-4
14.1.9-5
14. 1. 9-6
14.1.9-7

Fig. 14.1.9-1
Fig. 14.1.9-2
Fig. 14.1.9-3

14 . 1. 10A-1
14.1.10A-2

(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)
(2pgs)

Delet
Delet

1991
1991
1995
1995
1993
1991
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1991
1991
1997
1996
1991
1991
1991
1992
1992
1992

e 1995
e 1995
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Chapter 14

VOLUMH X

Safet Anal sis Uni 2 Pacae Date

14.1.10B-1
14.1.10B-2
14.1.10B-3
14. 1. 10B-4
14.1.10B-5
14.1.10B-6
14.1.10B-7
14.1.10B"8
14.1.10B-9
14.1.10B-10
14.1.10B-11
14.1.3.0B-12
14 . 1. 10B-13

Fig. 14.1.10B-1
Fig. 14.1.10B-2
Fig. 14.1.10B-3
Fig. 14.1.1QB-4
Fig. 14.1.10B-5
Fig. 14.1.10B-6
Fig. 14.1.10B-7
Fig. 14.1.10B-8

14 . 1. 11A-1
14.1.11A-2
14.1.11B-1
14.1.11B-2
14.1.11B-3
14.1.11B-4
14 . 1. 11B-5
14.1.11B-6

Fig. 14.1.11B-1
Fig. 14. l. 11B-2

1991
1991
1993
1993
1991
1993
1993
1991
1991
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993

Delete 1995
Delete 1995

1991
1993
1991
1991
1991
1991
1991
1991
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Chapter 14

VOLUME X

Safet Anal sis Unit 2

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Pacae

14.1.11B-3
14.1.11B"4
14 . 1. 11B-5
14.1.11B-6
14.1.11B-7
14. 1. 11B-8
14. 1. 12-1
14.1.12-2
14.1.12-3
14.1.12-4
14.1.12-5
14.1.12-6
14.1.12-1
14.1.12-2
14.1.13"1
14.2-1
14.2. 1-1
14.2.2-1
14.2.2-1a
14.2.2-2
14.2.2-3
14.2.2-4
14.2.2-5
14.2.2-6
14.2.2-7
14.2.2-8
14.2.2-9
14.2.3-1
14.2.4-1
14.2.4-2
14.2.4-3
14 . 2. 4-3a
14.2.4-4
14.2.4-5
14.2.4-6
14.2.5-1
14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.5-7
14.2.5-8
14.2.5-9
14.2.5-10
14.2.5-11
14.2.5-12
14.2.5-13
14.2.5-14
14.2.5-1

Date

1991
1991
1991
1991
1991
1991
1991
1991
1995
1995
1991
1991
1992
1992
1991
1995
1993
1997
1997
1997
1997
1991
1996
1991
1991
1993
1993
1991
1997
1997
1997
1997
1997
1997
1997
1991
1991
1991
1991
1991
1991
1997
1991
1991
1991
1991
1991
1991
1991
1991
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Chapter 14,

VOLUME X

Safet Anal sis Unit 2

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

14.2.5"2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.6-1
14.2.6-2
14.2.6-3
14.2.6-4
14.2.6-5
14.2.6-6
14.2.6-7
14.2.6-8
14.2.6-9
14.2.6-10
14.2.6-11
14.2.6-12
14.2.6-13
14.2.6-14
14.2.6-15
14.2.6-16
14.2.6-17
14.2.6-18
14.2.6-1
14.2.6-2
14.2.7-1
14.2. 8-1
14.2. 8-2
14.2.8-3
14.2.8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.2.8-8
14.2.8-9
14.2.8-10
14.2.8-1
14.2.8-2
14.2.8-3
14.2. 8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.2.8-8

Date

1991
1991
1992
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1997
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1993
1991
1991
1991
1995
1995
1995
1995
1995
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991



Page 81

VOLUME X

Chapter 14 Safe Anal sis Uni 2

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Parcae

14.3.1-1
14.3.1-2
14.3.1-3
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-7a
14.3.1"8
14.3.1-9
14.3.1-10
14.3.1-11
14.3.1-12
14.3.1-13
14.3.1-14
14.3. 1-14a
14.3.1-15
14 . 3. 1-16
14.3. 1-17
14.3.1-18
14.3.1-19
14.3.1-20
14.3.1-21
14.3.1-22
14.3.1-23
14. 3. 1-24
14.3.1-25
14.3.1-26
14.3.1-27
14.3.1-28
14.3.1-29
14.3.1-30
14.3.1-31
14.3.1-1
14.3.1-2
14.3.1-3a
14.3.1-4a
14.3.1-5a
14.3.1-6a
14.3.1-7a
14.3.1-8a
14.3.1-9a
14.3.1-10a
14.3.1-11a
14.3.1-12a
14.3.1-13a
14.3.1-14a
14.3.1-15a
14.3.1-3b
14 . 3. 1-4b
14 . 3. 1-5b
14.3.1-6b
14.3.1-7b
14.3.1-8b

De
De

lete
lete

Date

1995
1991
1991
1991
1991
1991
1997
1997
1991
1993
1993
1995
1995
1995
1997
1997
1991
1991
1997
1991
1991
1991
1991
1991
1991
1992
1997
1992
1992
1992
1992
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME 'XI

Chapter 14 Saf t Anal sis Unit 2

Fig
Fig
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

14.3.1-9b
14.3.1-10b
14.3.1-11b
14 . 3 . 1-12b
14. 3. 1-13b
14.3. 1-14b
14. 3. 1-15b
14.3.1-3c
14.3.1-4c
14.3.1-5c
14 . 3. 1-6c
14.3.1-7c
14.3.1-8c
14.3.1-9c
14.3.1-10c
14.3.1-11c
14.3.1-12c
14.3.1-13c
14. 3. 1-14c
14.3.1-15c
14.3.1-3d
14.3.1-4d
14.3.1-5d
14.3.1-6d
14.3.1-7d
14.3.1-8d
14.3. 1-9d
14.3.1-10d
14. 3. 1-lid
14.3.1-12d
14.3.1-13d
14.3.1-14d
14.3.1-15d
14.3.1-3e
14.3.1-4e
14.3.1-5e
14.3.1-6e
14.3.1-7e
14. 3. 1-8e
14.3.1-9e
14.3.1-10e
14.3.1-11e
14.3.1-12e
14.3.1-13e

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

Fig.
Fig
Fig
Fig
Fig
Fig.
Fig.
Fig.
Fig
Fig
Fig
Fig

14.3.1-14e
14.3.1-15e
14.3.1-3f
14.3.1-4f
14.3.1-5f
14. 3. 1-6f
14.3.1-7f
14.3.1-8f
14.3. 1-9f
14 . 3. 1- 10f
14. 3. 1-llf
14.3.1-12f

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME XI

Chapter 14 Safet An 1 sis Uni 2 ~Pa e

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

14.3. 1-13f
14.3.1-14f
14.3.1-15f
14.3.1-3g
14.3.1-4g
14.3.1-5g
14.3.1-6g
14.3.1-7g
14.3. 1-Bg
14.3.1-9g
14.3.1"10g
14.3. 1-llg
14. 3. 1-12g
14.3.1-13g
14.3.1-14g
14.3.1-15g
14.3.1-16
14.3.1-17
14 . 3 . 1-18
14 . 3 . 1-19
14.3. 1-20
14.3.1-21
14.3.1-22
14.3.1-23
14.3.1-24
14.3.1-25
14.3.1-26
14.3.1-27
14.3.1-28
14.3.1-29
14.3. 1-30
14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6
14.3.2-7a
14.3.2-7b
14.3.2-7c
14.3.2-8
14.3.2-9
14 .3.2-10
,14.3.2-11
14.3.2-12
14.3.2-13
14.3.2-14
14.3.2-15
14.3.2-16
14. 3. 2-17
14.3.2-18
14.3.2-19
14.3.2-20
14.3.2-21
14.3.2-22

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991-
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1996
1996
1997
1997
1991
1991
1992
1996
1991
1991
1992
1996
1991
1995
1995
1995
1995
1997
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VOLUME XE

Chapter 14 Safet Anal sis Unit 2 Date

Fig.
Fig.
Fig.
Fig.
Fig
Fig

14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6

Fig 14.3.2-10

Fig. 14.3.2-7
Fig. 14.3.2-8
Fig. 14.3.2-9

1991
1991
1991
1991
1991"
1991
1991
1991
1991
1991

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fi:g.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Pig.
Fig.
Fig.
Pig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Pig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

14.3.2-11
14.3.2-12
14.3.2-13
14.3.2-14

'4.3.2-15

14.3.2-16
14 . 3 . 2-17
14.3.2-18
14.3.2-19
14. 3.2-20
14.3.2-21
14.3.2-22
14.3.2-23
14.3.2-24
14.3.2-25
14.3.2-26
14.3.2-27
14.3.2-28
14.3.2-29
14.3.2-30
14.3.2-31
14.3.2-32
14.3.2-33
14.3.2-34
14.3.2-35
14.3.2-36
14.3.2-37
14.3.2-38
14.3.2-39
14.3.2-40
14.3.2-41
14.3.2-42
14.3.2-43
14.3.2-44
14.3.2-45
14 .3 . 2-46
14.3.2-47
14.3.2-„48
14.3.2-49

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME XI

S fe Anal sis Unit 2

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fi'g.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Pa<ac

14.3.2-50
14. 3.2-51
14.3.2-52
14.3.2-53
14.3.2-54
14.3.2-55
14.3.2-56
14.3.2-57
14.3.2-58
14.3.2-59
14.3.2-60
14.3.2-61
14.3.2-62
14.3.2-63
14.3.2-64
14.3.2-65
14.3.2-66
14.3.2-67
14 .3 .2-68
14.3.2-69
14.3.2-70
14.3.2-71
14.3.2-72
14 . 3. 2-73
14.3.2-74
14.3.2-75
14.3.2-76
14.3.3-1
14.3.3-2
14.3.3-3
14.3.3-4
14.3.3-5
14.3.3-6
14.3.3-7
14.3.3-8
14.3.3-9
14.3.3-10
14.3.3-11
14.3.3-12
14.3.3-13
14.3.3-1
14.3.3-2
14.3.3-3
14.3.3-4

~Da e

1991
1991,
1991
1991
1991
1991
1991
1991
1991
1991
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1994
1995
1994
1995
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
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VOLUME XIX

Saf t Anal sis Unit 2 Pa<ac ~Da e

Fig. 14.3.3-5
Fig. 14.3.3-6
Fig. 14.3.3-7
Fig. 14.3.3-8

14.3.4-1
14.3.5-1
14.3.5-2
14.3.5-3
14.3.5-4
14 '.5-5
14.3.5-6
14.3.5-7
14.3. 5-8
14.3.5-9
14.3.5-10
14.3. 5-11
14.3.5-12
14.3.6-1
14.3.7-1
14.3.7-2
14.3.7-3
14.3.7-4
14.3.7-5
14.3.7-6
14.3.7-7
14.3.7-8
14.3.7-9
14.3.7-10
14.3.7-11

Fig. 14.3.7-1
14.3.8-1
14.4-1
14.A-1

1994
1994
1994
1994
1992
1993
1993
1993
1997
1993
1993
1993
1993
1997
1997
1993
1997
1990
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1991
1989
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TABLE 1.2-1

COMPARISON OP DE»u PARAMETERS **

RBPBRBNCB
LINB NO.

DONALD C. COOK

NUCI BAR PLANT
UNITS 1 AND 2
PINAL RBPORT

SION STATION
UNITS 1 AND 2

PINAL RBPORT

INDIAN POINT ¹2
PI'NAL RBPORT

POINT BBACH
UNITS 1 AND 2
PINAL RBPORT

H. B. ROBINSON ¹2
PINAL RBPORT

THBRNAL AND HYDRAULIC DBSIGN PARANBTBRS

Total Prie»ary Heat Oucput, HNc

Total Cora Heat Output, Btu/hr

Heat Generated in Fuel,

Naxi»»»u»»» thar»aa1 Overpower

Systea» Pressure, Not»anal, psla

Syota»a Pressure, Hinio»u»»» Steady State, poia

3250

11, 090 x 10»

97.4

12i

2250

2220

3250

ll~ 090 X 10»

97.4

125

2250

2220

2758

9413 x 10»

97.4

12 1

2250

2220

1518. 5

5181 x 10»

97.4

12%

2250

2220

2200

7479 x 10

12%

2250

2220

10

11
12

13

14

15

Hot. Channel Pactoro
Heat PluX, P4

Bnthalphy Rise, Pu»

DNB Ratio at Not»inal Operating condttiono

Ninia»ut» DNBR for Deoign Tranoiento

Coolant Plow
Total Plow Rate, lb/hr
Bffectiva Plow RaCe for Heat Transfer,
lb/hr
".ffective Plow Area for Heat Tranofer,

Average Velocity Along Puel Rods, fc/oec
Average Naos Velocity,

lb/hr-ft'.79

1.60

1. 97

1.30

135.6 X 10
129.S x 10»

51.4 'x

10'5.5

2 ~ 53 x 10»

2 ~ 79
1.60

2.02

1-30

133.0 x 10»

128.9 x 10»

51.4 x 10»

15.3
2.52 x 10

3.23
1.77

2.00

1.30

136.3 x 10
130 x 10»

51.4 x 10»

15.4
2.53 X 10

2.80
I»60

2.11

1.30

66.7 x 10»

63.6 x
10'1.4

x
10'5.0

2.37 x 10

3.23
1.77

1. 81

1.30

101.5 x 10»

97.0 x 10

51. 4 x 10»

14.3
2.32 x

10'6

17

Coolant Tasperature, aP

Design Not»inal Inlet

Naxio»ut» Inlet. Due to Inotru»»»ancation
Brror and Deadband, aP

536.3

540.3

530.2

534 '

543

547

552.5

556.5

546.2

550.2

18

19

20

21

22

Average Rioe in Vessel, »P

Average Rica in Core

Average in Core

Aver'ago in Veooel

No»»»inal Outlet of Hot Channel

63. 0

65. 7

570.3

567.8

667.5

64. 1

66.8

564.8

563.2

631.7

53. 0

55.5

571.0

569.5

633.5

57. 6

60.0

582.5

581.3

642.9

55. 9

58.3

575. 4

574. 2

642

23 Average Pil»a Coefficient, Btu/hr-ft'-P 5850

This table is retained for historical purposes only.
nuclear plants.

5800 5790 5600

It compares original Cook Plant parameters

1.2-6

5400

to other similar
AMENDMENT 75
April, 1977
July, 1989



TABLE 1.2-1 (Continued)

RBPBRBNCB

LINB NO.

24 Average Film Temperature Difference. 4P

DONALD C. COOK

NUCLBAR PLANT
UNITS 1 AND 2
PINAL RBPORT

35.4

ZION STATION UNITS
AND 2 PINAL

RBPORT

35.6

INDIAN POINT «2
FINAL RBPORT

30.3

POINT BRACH UNITS
1 AND 2 PINAL
RBPORT

31.0

H. B. ROBINSON «2
PINAL RBPORT

31.8

25
26
2'7

28
29

30

31
32

33

Heat Transfer at 100l Power
Active Heat Transfer Surface Area,

ft'verage Heat Flux,
Btu/hr.ft'aximum

Heat Plux,
Btu/hr-ft'verage

Thermal Output, kw/ft
Haximum Thermal Output„ kw/ft

Haximum Clad Surface Temperature at
Nominal Pressure, 4P

Pual Central Temperature, 4P

Haximum at 100l Power
Haximum at Overpower

Thermal Output, kw/ft at Haximum Overpower

CORB HBCHANICAL DBSIGN PARAHBTBRS

52,200
207,900
519. 600
6.7
18.8

657

4250
4500

21. 1

52, 200
207,900
579, 600
6.1
18. 8

651

4250
4500

21.1

52,200
115 ~ 600
56I,300
5.7
18. 4

657

4090
4380

20.6

28,715
175,800
491, 000
5.7
16.0

657

3750
4000

17. 9

42,460
171> 600
554,200
5.5
17. 0

657

4030
4300

20.0

34
35
36
37
38
39

40
41
42

43
44

45
46
47

Puel Aooembliao
Daoign
Rod Pitch, in.
Overall Dimensions, In.
Puel Weight (ao UO,), pounds
Total Weight, pounds
Number of Grido per Assembly

Puel Rods
Number
Outside Diameter, in.
Diametral Gap, in. (Region 1, 2)

(Region 3)
Clad Thickness, in
Clad Hatarial

Fuel Pelleto
Haterial
Denoity (l of Theoretical)
Diameter, in. (Region 1, 2)

(Region 3)
Length, in,

RCC Canless 15xIS
0.563
8.426 x 8.426
216, 600
276, 000
I

39, 372
0.422
0.0075
0.0085
0.0243
Zircaloy

UO,Sintered
94-93-92
0.3659
0.3649
0 '000

RCC Canleoo 15xlS
0.563
8.426 x 8.426
216, 600
276,000
7

39,372
0.422
0.0075
0.0085
0.0243
Zircaloy

UO,Sinterad
94-93-92
0.3659
0.3649
0.6000

RCC Canlaoo 15x15
0.563
8.426 x 8.426
216,000
216, 000
9

39,372
0.422
0.0065

0 '243
Zircaloy

UO,Sintered
94 92-91
0.3669

0.6000

RCC Canleoo 14x14
0.556
1.763 x 7. I63
,120, 130
154, 519
7

21, 659
0.422
0.0065

0.0243
Zircaloy

UO,Sinterad
94-92-91
0.3669

0.6000

RCC Canleoo 15xlS
0.563
8.426 x 8.426
116, 200
226 '00
I

32 '28
0.422
0.0065

0.0243
Zircaloy

UO,Sintered
94-92 91

-0.3669

0.6000

49

50
51
52
53

Rod Cluster Control Aooembl'ieo
Neutron Absorber
Cladding Haterial

Clad Thickness, In.
Number of Cluoter
Number of Control Rods per Cluster

1.2-7

Sl Cd-151 In-80lAg
Type 304 ss-cold
Worked
0.019
53
20

Sl Cd-15'l In-80lAg
Type 304 SS-Cold
Worked
0. 019
53
20

Sl Cd-15% In-80lAg
Type 304 SS-Cold
Worked
0. 019
53
20

5\ Cd-15'l In-80lAg
Type 304 SS-Cold
Worked
0.019
37
16

July 1989

5l Cd-15% In 80\Ag
Type 304 SS-Cold
Worked
0.019
53
20

Sheet 2 of



TABLE 1.2-1 (Continued)

RBFBRBNCB
LINB NO.

54
55

Core Structure
Core Barrel I.D./O.D., in.
Thermal Shield I.D./O.D., in.

DONALD C, COOK

NUCLBAR PLANT
UNITS 1 AND 2

PINAL RRPORT

148. 0/15215
158.5/164.0

ZION STATION
UNITS 1 AND 2

PINAL RBPORT

148.0/152.5
158.5/164.0

IHDIAN POINT 82
PINAL RBPORT

148. 0/152 ~ 5
158 5/164

POINT BBACH
UNITS 1 AN) 2

PINAL RBPORT

109 0/112.5
115.3/122. 5

H. B. ROBINSON 82
FINAL RBPORT

133.875/137 '75

FINAL NUCLBAR DBSIGN DATA

structural characterlst les

56
57
58

60
61
62
63
64
65

Fuel Weight (As UO,), lbs
Clad Weight, lbs
Core Dianeter, in (Bquivajent)

Core Height, in. (Act>vs Puel)
Reflector Thjckness and Conposition

Top - Water plus Steel, in.
BottoaL - Water plus Steel, in.
Side - Water plus Steel, in.

H, 0/U, (Cold volume Ratio)
Nutaber of Puel AsseaLblies
UO, Rods per Assembly

216, 600
44 ~ 54 I
132.7

144

10
10
15
4.09
193
204

216, 600
44, 547
132.7

143.4

10
10
15
4 09
193
204

216. 000
44, 600
132.5

10
10
15
4. 18
193
204

120, 130
24,260
96.5

10
10
15
4.20
121
179

176,200
36,300
119.5

144

10
10
15
4,18
157
204

Performance Characteristics

66

67
68

69
70
/1

Loading Technique

Puel Discharge Burnup, HWD/MTU

Average Pirst Cycle
Bquilibriu|a Core Average

Feed Bnrichments, weight
Region 1

Region 2

Region 3
Bquilibriun

3 region ~

non-unifona

14, 000
21,800

2.25
2.80
3.30
3.2

3 region,
non-uniforaL

14,000
21, 800

2.25
2. 80
3.30
3.2

3 region,
non-uniforn

14, 200
24,700

2.2
2.7
3.2

3 region,
non-uniforaa

15, 100
33,000

2.27
3.03
3.40
3.40

3 region,
non-uniforaL

14, 500
33 F 000

1.85
2.55
3. 10
3. 10

Control Characterisrics

72
73
74

Bffective Hultiplication {Beginning of Life)
Cold, No Power, Clean
Hot. No Power, Clean
Hot. Pull Power, Xe and Sm Bquilibrium

1. 183
1. 154
1.092

1.183
1.154
1. 092

1.257
1.999
1.152

1.211
1. 167
1 113

1.180
1.38
1.077

Sheet 3 of 6

1.2-8 July 1989



TABLE'.2-1 (Continued)

RBPBRBNCB
LINB NO.

75
'76

'77

I8

79

Rod Cluster Control Aooemblias
Hacer1al
Number of RCC Aooemblieo
Number of Aboorber Rodo par RCC

Aooembly
Total Rod Worth

Boron Concentration
To shut reactor down with no
rodo
Inoerced, clean (Ka » .99)
Cold/hot, ppm/ppm

DONALD C. COOK

NUCLBAR PLANT UNITS
1 AND 2 PINAL
RRPORT

Sl Cd.15% In-801 Ag
53
20

See Table
3.2. 1.3

1408/1265

ZION STATION UHITS
1 AND 2 PINAL
RBPORT

5\ Cd-151 In-80\ Ag
53
20

Sae Table
3.2.1-3

1408/1265

ZNDIAN POIN1'2
PINAL RBPORT

51 Cd-151 In-80% Ag
53
20

See Table
3 ~ 2.1 3

1480/1370

POINT BBACH UNITS 1

AND 2 PINAL RRPORT

51 Cd 151 In-801 Ag
37
16

See Table
3.2.1 3

1598/16'I6

H ~ B ~ ROBINSON 82
PINAI RBPORT

51 Cd-15% In-80\ Ag
53
20

Sea Table
3.2.1-3

1250/1210

80
81

82

To control at power wxth no rods
inserted,
clean/equilibrium xenon and samarium,

p /pp
Boron worth, Hot
Boron worth, Cold

1168/850
11 ak/k/85 ppm
11 ak/k/70 ppm

1168/850
11 ak/k/8S ppm
11 ak/k/'70 pps

1200/780
11 ak/k/89 ppm
11 ak/k/72 ppm

1465/1007
11 ak/k/130 ppm
11 ak/k/98 pps

1000/920
7.3 ak/k
5.6 ak/k

83

Kinetic characceristico
Hoderator Temperature,
Coefficient,
ak/k/op

0 3 x 10
-3.2 x 10t

-0.3 x 104

-3.2 x IQt
03xl01

-3.0 x 10'0,3 x 10t
-3.5 x

10'0.3 x 10
«3.5 x Iot

Hoderaror Preosure Coef ficienc,
ak/k/poi

t0.3 x
t<.0 x

10 t»
1st

+0 ~ 3 x 10t»
t<.0 x, 10t

0.3 x 10t»
t3.0 x 10

-0.3 x 1st
3.5 x 10'.3 x 10t»

3.5 x 10

85 Hoderator Denoity Coef ficientak/k/g/cm'.1 x lot
:Q.S x

10'0.1 x
10'0.8

x
10'0.03 to -0.30 .0.10 Co -0.30 +0.5 x 10'»

2.5 x 1st

86 Doppler Coaf ficient.
ak/k/tP

RBACTOR COOLANT SYSTEH CODS

RBQUIRBHBNTS

-1.0 x IQt
-1.7 x 10

-10x10
-1.7 x 10~

-1 1 x10'
8 x 10~

1 x lot
-1.6' 10'

x 10s
~ 1,6 x 10

8I
Component
Reactor Vassal ASNB III Claoo A ASHB III Claoo A ASHB III Claoo A ASHB ZII Class A ASHB ZZI Claoo A

Sheet 4 of 6

1.2-9 July 1997



TABLE 1.2-1 (Continued)

REPERBNCB

j.l lR ND.

DONALD C. COOK

NUCLEAR
PLANI'NITS

1 AND 2
PINAL REPORT

ZION STATION UNITS
1 AND 2 PINAL
REPORT

POINT BEACH UNITS
INDIAN POINT 82 1 AND 2 PINAL
PINAL REPORT — REPORT

H. 8. ROBINSON 82
PINAL REPORT

88
89

Steam Generator
Tube Side
Shell Side

ASHB III Class A
ASHB III Claos C+

ASHB III Claoo A
ASHB III Claso Ce

ASHB IZZ Claoo A
A&NB ZII Claoo Ce

ASHB ZIZ Claoo A
ASHB III Class C*

ASHB III Claoo A
ASMB III Claoo Ci

90

92

93

Presouriter

Preoouriter Relief Tank

Pressurizer Safety Valves

Reactor Coolant Piping

ASHB III Class A ASNB III Claoo A

ASHB III
USAS 831.1

ASHB ZII

USAS 831.1

ASHB III Class C ASHB III Claso C

ASHB ZZI Class A

ASHB III Class C

ASHB III
USAS 831.1

ASHB ZIZ Claso A

ASNB Claoo C

ASNB III
USAS 831 ~ 1

ASNB III Claon A

ASHB Class C

USAS 831. 1

PRINCI PA( DESIGN PARANBTBRS OP THB REACTOR

COOLANT SYSTEH

95
96
91
98
99
100
101
102
103

104
104A

Reactor Primary Heat Output, HWt

Reactor Primary Heat Output, Btu/hr
Operating Presoure, poig
Reactor inlet Temperature
Reactor Outlet Temperature
Number of Loopo
Design Preooure, poig
Design Temperature, 4P

Hydrostatic Teot Preooure (Cold), poig
coolant volume, including pressurizer, cu.
ft. P

Total Reactor Plow, gpm
Total Reactor Plow lb/oec

3250
11,090 x
2235
536.3
599.3
4

2485
650
3107
12, 612-

350, 000
31, 765

3250
11, 090 x 1oi
2235
530.2
594 3

2485
650
3107
12, 710

350,000
31, 765

275&
9413 x

10'235

543
596. 0
4

2485
650
3110
12,600

178 ~ 000

1518. 5
5181 x 10+

2235
552.5
610.0
2

2485
650
3110
6450

268, 500

2200
7508 x loi
2235
546 F 2

602.1
3

650
3110
9088

105

106
107
108
109
110
111

PRINCIPA( DESIGN PARAHBTBRS OP THE RBACIOR

VBSSE(

Nate rial

Design Pressure, pnig
Deoign Temperature, eP

Operating Pressure, psig
Inside Diameter of Shell, in.
outoide Diameter Acrooo Nor&leo. in.
Overall Height of Vesoel 8 Bnclooure

Head, ft-in.

Same as others
See Table 4.2-1

2485
650
2235
173
262-7/16

43-9 11/16

same, ao others
See Table 4.2-1

2485
650
2235
173
262-7/16

43-9 23/32 (Unit 1)
43-9 15/16 (Unit 2)

SA-302 Grade 8,
low alloy oteel,
internally clad
with austenitic
otainless oteel

2485
650
2235
113
262-7/16

43 9 11/16

SA-302 Grade 8,
low alloy steel.
internally clad
with auotenitic
stainleoo oteel

2485
650
2235
132 ~ 0

244 1/16

39-0

SA-302 Grade 8,
low alloy oteel,
internally clad
with auotenitic
otainleoo oteel

2485
650
22'35
155.5
236

41-6

112 Ninimum Clad Thickneoo, in. 5/32 5/32 5/32 5/3 2 5/32
* The shell side of the steam geneator conforms to the requirements for Class A vessels .and is so stamped as permitted

under the rules of Section III. Sheet 5 of 6

1.2-10 July 1989



TABLE 1.2-1 (Continued)

RBFBRBNCB
LINB NO.

DONALD C. COOK

NUCLBAR PLANT
UNITS 1 AND 2

FINAL RBPORT

ZION STATION UNITS
1 AND 2 PINAL
RBPORT

INDIAN POINT 82
PINAL RBPORT

POINT BBACH UNITS
1 AND 2 FINAL
RBPORT

H. B. ROBINSON 82
FINAL RBPORT

113
114

115
116
117
118
119
120
121
122
123
124
125

PRINCIPAL DBSIGN PARANBTSRS OP THB STBAN

GBNBRATORS

Number of Unito
Type

Tube Naterlal
Shell Naterlal
Tube Side Design Pressure, poig
Tube Side Design Temperature, 4P

Tuba Side Design Plow,
lb/hz'hall

Side Deoign Pressure, psig
Shell Side Design Temperature, 4F

Operating Pressure, Tube Side, Nominal poig
Operating Pressure, Shell Side, Nax, poig
Naximum Noioture ac Outlet at Pull Load, 1

Hydrostatic Test Pressure, Tuba Side (cold),
Polg

Vertical U-Tube
with integral-
moioture separator

Inconal
Carbon Steal
2485
650
33. 9 x lory

1085
600
2235
1085 (design)
1/4

3107

4

Vertical U-Tuba
with integral-
moioture separator

Inconal
Carbon Steel
2485
650
33.8 x

10'085

600
2235
1085 (design)
1/4

3107

Vertical U Tuba
with integral-
moiocure separator

Incone1
Carbon Steal
2485
650
34.1 X 10
1085
556
2235
1105.3
1/4

3110

2

Vertical U-Tube
with incegral-
moiotura oeparator

Inconel
Carbon SCeel
2485
650
33.4 x

10'085

556
2235
1020
1/4

3110

3
Vertical U-Tube
with integral-
moioture

separator'ncone1

Carbon Steal
2485
650
33.9 x

10'085

556
2235
1020
1/4

3110

PRINCIPAL DBSIGN PARANBTBRS OF THB RBACTOR

COOLAN)'UNPS

126
127

128
129
130
131
132
133
134
135

136

Number of Unito
Type

Design Praooure, psig
Design Temperature, 4P

Operating Pressure, Nominal, poig
Suction Temperature, 4P

Design Capacity, gpm
Deoign Head, fc.
Hydrostatic Teot Presoure (cold), poig
Notor Type

Notor Rating (nameplate)

PRINCIPAL DBSIGN PARANBTBRS OF THB RBACTOR

COOLANT PIPING

vercical, cingle
st'age radial flow
with bottom
suction,and
horizontal
diocharga

2485
650
2235
539
88,500
217
3107
AC Induction
single opeed

6000 HP

Vertical, oingle
etage radial flow
with boccom
suction and
horizontal
diocharge

2485
650
2235
539
87,500
271
3107
AC Induction
single speed air
cooled
6000 HP

4

Vercical, single
stage radial flow
with bottom
suction and
horizontal

. discharge

2485
650
2235
556
80, 000
252
3110
A-C Induction
oingle speed

6000 HP

4
Vertical, single
stage radial flow
with bottom
ouccion and
horizontal
diocharge

2485
650
2235
551. 5

80, 000
259
3110
AC Induction
oingle speed air
cooled
6000 HP

4

,Vertical, oingla
stage radial flow
with bottom suction
and horizontal
di ocharga

2485
650
2235
546 5
88 F 500
261
3110
AC Induction single
opeed air cooled
6000 HP

137
138
139
140
)4)

Nacerial
Hot Leg - I.D., in.
Cold Leg - I.D., in.
Between Pump and steam generator - I.D., ln.
Design Preosure, poig

Saa Table 4.2-1
29
27-1/2
31
2485

1.2-11

Sea Table 4.2-1
29
21-1/2
31
2485

Auotenitic SS

29
27 1/2
31
2485

Auotenitic SS

29
27-1/2
31
2485

Sheet 6 of 6
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1.8 IDENTIFICATION OF ONTRACTORS

The plant was designed and constructed by the American Electric Power

Service Corporation (AEPSC) which performed the function of Architect-
Engineer and Constructor for Ind'ana Michigan Power Company (I&M).

Westinghouse Electric Corporation designed and supplied the Nuclear
4

Steam Supply Systems including the initial fuel assemblies for both

Units 1 and 2 of the Donald C. Cook Nuclear Plant. Subsequent reload
fuel assemblies for these units have been and will be procured from

qualified suppliers such as Westinghouse.

In the design and construction of these units, AEPSC employed various
contractors and sub-contractors; however, the ultimate responsibility
for all work performed was assumed by AEPSC. AEPSC and X&M are

responsible for the implementation of all functions associated with the

operation, maintenance, modification and control of the Donald C. Cook

Nuclear Plant.

1. 8-1 July, 1&97
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2.1 SITE DESCRIPTION

2.1.1 SUMMARY

The site is located in a region devoted primarily to agriculture. There
are no continuously occupied residences within 2160 feet of the reactor
containment structures. The distances from the reactor containment

structures to the areas defined in the Rules and Regulations Title 10

Chapter I Part 100 are as =follows:

Exclusion area

Minimum distance to exclusion area

Outer boundary of lov population zone

Population center distance

650 acres

2000 feet
2 miles

8 miles

The closest population center is the twin cities of Benton Harbor-St.
Joseph, Michigan. The site, therefore, provides excellent isolation as

well as low population densities over a vide area.

2.1.2 LOCATION

The site is located in Lake Township, Berrien County, Michigan, about 11

miles south-southwest of the center of Benton Harbor, Michigan. The

axis point of the Cook Nuclear Plant is latitude 41'8'32.07" and

longitude 86'3'54.87'. Figure 2.1-1 shovs the regional features of-
the area up to 60 miles from the site, vhile Figure 2.1-2 indicates the

features within about 15 miles of the facility.

The site consists of about 650 acres along the eastern shore of Lake

Michigan, with approximately 4350 feet of Lake frontage, and extends an

average of about one and one quarter miles eastvard from the lake.

2.1-1 July 1996



The entire site, with the exception of the right of way for Znterstate
Route 94, about 400 feet from the eastern site boundary, is controlled
by the Zndiana Michigan Power Company (Z&M) . No residence is permitted
inside the site boundaries.

Figure 2. 1-3 shows,a map of the plant site defining the plant property
lines.

(1) The boundary lines inside of which Z&M exercises exclusive cont ol
of access are the property lines which are to the west of the
Znterstate 94. These property l'nes are also the boundary lines at
which gaseous effluent limits'apply. The line in the area of Lake
Michigan is the shore line El 5BO'0" extended by 100 feet toward
the ?ake, up to which Z&M exerc'ses rights, besides those obtained
to install, maintain and operate, the condenser cooling water intake
and discharge .pipes. Riparian rights extend to the low water line
which in consideration of the lake bottom movement is approximately
100 feet outward from the elevation 580'ine.

(2) The points on the plant structure from which gaseous effluent
containing, or potentially,containing, radioactivity will be

released; and the, distance of each from the nearest boundary line
have been shown and tabulated on the map (see Figure 2.5-1a.)
Points 3, 4, 5 and 6 may release radioactivity effluents only
during conditions of primary to secondary leakage.

(3) There will be no residential housing on site. Free access along
the beach in front of the plant is permitted. On site non-plant
related activities, such as beach activities or picnics (excl ding

'll

the Visitor Center activities> are evaluated for impact on the
operation of the plant prior to granting permission for such
activities.

2. 1-2 July, 1997



The e are no military installations, missile sites, or 'ndustrial
facilities located beyond the Donald C. Cook Nuclear Plant Site

4

boundaries at which an accident- might cause interaction with the plant
so as to affect public health and safety.

The plant is located along the lake shore approximately midway between

the northern and southern boundaries of the site. The distance from

either of the reactor containment structures to the nearest site
boundary is 2000 feet.

Figure 2.1-3 indicates the topographical details of the site and the

location of the plant. Figure 2.1-4 is an aerial'hotograph of the site
and its immediate environs before plant construction began.

2.1.3 TOPOGRAPHY

The site consists primarily of heavily wooded rugged sand dunes. A

sandy beach slopes gently upwards for about 200 feet from t he lake

before rising sharply into the dunes. The peaks of the highest dunes

reach an elevation of about 120 feet above the lake's surface;
depressions between the dunes are as low as 10 feet, above lake level.

Figure 2.1-4a shows mod'ications in the site topography due to plant
structures Figure 2.1-4b shows views of the site from the minimum

e'xclusion radius to major plant structures showing the topography of the

site in relation to major plant structures.

2.,1.4 ACCESS

The site area is accessible by air, rail, and road.

2.1-3 July, 1997



The Pere Marquette Line, runs in an approximately north-south direction
about 1600 feet east of the site's eastern boundary. A corridor between
the site and the railroad has been purchased to permit construction of a

rail spur, and a bridge spanning Thorton Drive and Interstate Route 94

has been erected to provide direct rail access to the plant.

Interstate Route 94 runs through the eastern portion of the site in a

north-south direction, while the Red Arrow Highway runs along the
eastern boundary in the same general direction. Thorton Drive, a local
roadway, runs parallel to Interstate 94 and slightly to the west of
it, while Livingston Road, also a local thoroughfare, forms the
southern site boundary.

Within the 15-mile vicinity of the Donald C. Cook Nuclear Plant there
are two airports: 'Southwest Michigan Regional Airport located
approximatley 12 miles.NE of the plant on the NE edge of Benton Harbor
and Andrews University Airport located approximately 10 miles East of
the plant near Berrien Springs. For airports beyond this 15-mile
radius, -the orientation of runways and normal flight patterns are not in
the direction of the plant or the normal glide path heights are not
within the .plant vicinity so that aircraft utilizing the facilities of
these airports would not normally fly over the plant site.

Southwest Michigan Regional Airport has three runways all 100 feet wide,
oaved and lighted;

~Dir

cubi

n Len t

East-West

North-South
NW-SE

5100 feet
3200 feet
3750 feet

For 1971 there were 67,690 operations (take-off or landings) resulting
in 33,845 flights or an average of 93 flights per day of which only 9

were scheduled by commercial airplanes.

2. 1-4 July, 1997



Weight load of aircraft using this field is limited to 30,000 pounds per

single wheel load which is the design specif'cation for the concrete

runways. Three classifications of airplanes utilize the airport
faci lities: corporat e, private, and commercial .

Due to the North-Easterly location of the airport and the orientation of
the runways, normal glide paths would not'approach the vicinity of the

plant. There are no specified glide path heights since erection of
structures taller than 500 feet are not permitted within a 10 mile
radius of the airport. Neith'er is there a glide slope. However, the
East-Nest runway, which handles most of the t-.affic because of the

prevailing winds, is the only runway having the localizer portion of the
Instrument Lan'ding System. This indicate" only the aim of the airplane.

2.1-5 July, 1997



Andrews University Airport has two runways:

~Dir c~in
310 & 130

210 & 30

~Lena h

3100 feet
2500 feet

h racteri s ics
Paved & Lighted
Sod & Unlighted

There are no records maintained concerning the number of flights. The

airport manager has estimated that there are approximately 70

flights some days and none during inclement weather conditions for a

yearly total of 4,000 to 6,000.

The maximum weight load allowed is 12,500 pounds. There are no

commercial flights; only corporate and private aircraft operate from

this field.

There is no height, length, or orientation specified for a normal glide
path.

2. 1-6 July, 1997



POPULATION

The population data quoted in this section are a mixture of original
analysis data, data obtained during an evacuation time estimate stud Y

performed during 1991-1992, and the demographic analysis performed

during 1993. The evacuation time estimate study also provided updated

information regarding schools and businesses near the Cook Nuclear Plant
site. The demographic analysis projected future population in the Cook

Nuclear Plant for the. years 2000 and 2037.

Some of the population projections for individual sectors near the plant
are greater than vere anticipated in the original analysis. However,

the referenced evacuation time estimate study shovs that the population
'living near the plant could leave the area in a reasonable amount of
time in the unlikely event of an ordered evacuation. Therefore, the
combination of these time estimates and the fact that the total 10 mile

'I

emergency planning zone (EPZ) population has not exceeded projections
indicate that there is no adverse impact on the EPZ population.

The area vithin 60 miles of the site vhich encompasses portions of
Southvestern Michigan, Northvestern Indiana, and Northeastern Illinois
is a region of moderate population that contained approximately
4,073,369 people in 1990. The population of this area from 197S to 1990

has declined 12X. This decline in total population is attributed to the

steady decline of the Chicago area. It is projected from the year 1990

to 2000, the population will increase approximately 3.3X. From 2000 to

2037, it is expected the'opulation vill increase by another ~X. The

projected population distrib'ution information for the years 1990, 2000,

and 2037 is located in Tables 2.1-6 and'2.1-„6a, 2.1-7 and 2.1-7a, and
C

2.1-& and'.1-&a, respectively.
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The closest population center is the twin'cities of Benton Harbor-

St. Joseoh with a combined 1990 population of 22,032. The closest
population center boundary is the southern edge of St. Joseph, about

eight miles north-northeast of the plant. All population centers within
60 miles of the site are indicated in Table 2.1-3.

The closest continuously occupied residence to the plant lies about 2160

feet to the north.

Figures= 2.1-6, -6a, and -6b shows the 1990 population distribution
around the site up to a distance of 60 miles. The Low Population Zone

is identified in Figure 2.1-6 as the zone included within the 2-mile
radius. Figure 2.1-6 divides the region from 0 to 5 miles from the

plant into concentric circles and sectors of 22K , where as .Figure 2.1-0

6a and -6b divides the region from 5 to 60 miles and 10 to 60 miles,
respectively. Similar data or the years 2000 and 2037 are included in
Figures 2.1-7, -7a, -7b and 2.1-8, -8a, -8b. Population data are

presented in tabular form in. Tables 2.1-1 through 2.1-8b.

Thirty-four public and parochial'chools existed within .a ten mile
radius with 625 teachers and a student populat'on of 11,621. (1992)

Data collection to provide forecasts for the 21 counties entirely or,

partially within the 60 mile radius of the Donald C. Cook Nuclear Plant
site was performed. This data was processed with the U.S. Census TIGER

digital maps to apportion population forecasts for the years 2000 and

2037 for the radial distances and sectors as presented in the tables and

figures. This analysis included the assignment of population forecasts
for cities and towns within Berrien County, Michigan by one mile
increments for, the 0 to 5 mile area, and .a five mile increment for the 5

to 10 mile area for forecast years 2000 and 2037. Similar forecasts
were developed for the 10 to 60 mile area by ten mile increments for the

sixteen 22K'ompass sectors.
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The "best available data" regarding population growth during this study
was obtained from the following sources:

~ For the State of Michigan, iniital population forecast data was

obtained through telephone conversations with the State

Demographer,„ State of Michigan, Department of State Planning and

Commerce. (It should be noted that the existing State forecasts
are based on pre-1990 census data and are subject to change when

the new projections are.>'released.) Based on highly variable trends
in population growth over the past few decades, it was suggested

that it is difficult to determine what the long range growth to the

year 2037 will be. Thus, for the purposes of this analysis,
population forecasts for the years 2000 and 2037 were derived using
adjusted growth factors based on 1990 census data. More detailed
local data for cities and towns in Berrien County was obtained

through numerous informal communications with the Southwestern

Michigan Commission.

For the State of Indiana, county population forecasts were obtained
through telephone conversations and from subsequent data provided

by the State of Indiana reporting the results of the Business

Research Center estimates for population growth through 2030.

For Cook County Illinois, population forecasts were obtained
through telephone conversations with the Northeast Illinois
Planning Commission, which cited pre-1990 forecasts from the

Illinois Bureau of the Budget, Illinois Population Trends - 1990.

In addition to the permanent resident population, Berrien County

experiences an influx of approximately 3000 to 4000 summer residents
each year. The great majority of the summer homes and cottages are

located along the Lake Michigan Beach and in the Paw Paw Lake region in
the north-eastern portion of the

county.'.1-9

July 1995



The closest summer colony. to the p'ant 's the Rosemary Beach Assoc'at'on
just north of the sit boundary., Rosemary Beach is virtually
uninhabited during the Fall, Winter and Spring and has a population of
up to 150 during the peak of, the summer season.

During the late summer and,fall fruit harvest, substantial numbers of
migrant farm wor'kers are employed 'n Berrien County. The maximum number

recorded in 1976 was 6,800.

Table 2.1-8b and Figure 2.1-10 represent the seasonal transient
population out to the Population Center Distance of 8 miles with the 0-2
mile population figures representing the Low Population Zone.

The Work Employment Security Commission supplied data for total migrant
workers in Berrien County in 1971 working as transient crop pickers.
This total, consisting of 8355 workers, was uniformly averaged over the
entire county rural area resulting in an, average total of 1263 migrants
w'ithin the Population Center Distance distributed evenly over the rural
area. Some migrant workers arrive in the Spring to cut asparagus but
most of them begin to arrive in the latter part of August., building up
to a peak 'n the Fall during the peach and apple crop-picking periods.
After the crops hhve been harvested, they leave the area.

The number of summer homes were supplied by the Twin Ci"ies Chamber of
Commerce (St. Joseph - Benton Harbor) and the Berrien County Clerks
Office, and the number of people occupying the various beach areas were

estimated from visual observations in 1971. Most of the summer

vacationists begin to arrive in June when school ends and leave in late
August when school- recommences; although, a few remain into the Fall as

long as favorable weather conditions exist. These vacationists are
located mostly along the lake shore front.

July 1997



Although, there is an ove'rlapping of the seasonal transient population
towards the end of summer; in general, there are two reasons: the

summer months consisting of vacationists and the fall months consisting
of migrant crop pickers.

The trend is towards a decreasing number of transients within Berrien
County and hence within the Population Center Distance.

The migrant workers in the county decreased from a total of 11,100 in
1966 to 8,355 in 1971. This dec4ine is attributed mainly to automation

in the crop-picking industry,and to a reduced apple market since the

cost of picking will not support the apple market price.

Warren Dunes State Park lies along the lake about six miles south of the

site. On a peak summer day in 1992, an attendance of 20,881 was

recorded at the park of which 1,600 were overni'ght campers. In 1969,

the park was enlarged somewhat to accommodate more daily visitors with
increased camping facilities.

While the Warren Dunes State Park has changed from a 1976 summer peak of
23,958 days visitors of which 1300 were overnight campers to a 1992 da

peak of 20,881 visitors of which 1600 were overnight campers, there has

been a decline in the number of people occupying summer homes over the

years with a decrease from 4,000 in 1964 to 3,000 in 1971 due to the

high cost of home maintenance. Hence, the potential for a significant
increase in transient population over the 40-year life of the plant does

not seem probable especially within the Low Population Zone which

comprises about 3 miles of lake shore front already containing four
beach areas.
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2.1.6 LAND USE

The area surrounding the site is devoted primarily to agricultural
pursuits. Over 60% of the land in the three counties, Berrien, Cass,

and Van Buren, surrounding the site is devoted to farming. The major
r

crops produced are apples, cherries, grapes, peaches, feed grains,
livestock and dairy products. Agricultural statistics are summarized in
Table 2.1-9.

Figure 2. 1-9 illustrates the number of farms with dairy cattle, the
number of dairy cattle per farm, and their distance from the plant
within a 10 mile radius (as of 1972) .

In 1990, the low population zone contained approximately 764 permanent

residents with no more than 174 in any 223 sector.0

Industrial activities in the area are centered around Benton, Harbor and

Niles, Michigan.

The primary industries are home appliances, metal casting and electronic
and audio equipment.

I

Updated information on hospitals is given in Table 2.1-12.

Lake Michigan water in the vicinity of the plant site is not used for
irrigation. Lake Michigan is however used for swimming, fishing,
boating, domestic water supply and sewage.

Only crab fishing in water over 30 fathoms is permitted commercially in
Michigan waters.
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TABLE 2.1-12

HOSPITALS IN BERRIEN OUNTY 1 7

Distance from

~Hoaoi al ~aooa ioo S ation miles ~Caoaoia

Lakeland Medical Center Berrien Center 14

Lakeland Medical Center St. Joseph 10 300

Lakeland Medical Center Ni les 1S 174

Communi ty Natervliet 22 70
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2 '.2 GENERAL METEOROLOGY

Southweste n Michigan is typical of the northern lake regions of the

United States in most respects. .The flat tezrain and the frequent

passage of well-developed extra-tropical storms create a consistently
strong wind flow, as well as rapid char.ges in both dispersion conditions
and wind direction. Some of the meteorological statistics are useful
primarily for general planning of the faciliti~s and are therefore
reported with a minimum of description. Other data are important in
the assessment of safety and these are discussed fully.

i h W nds

Strong winds are the most important meteorological hazard to the
facilities. The region is frequented by relatively strong, gusty winds,
usually accompanying the passage of squall lines or thunderstorms and

the maximum.,wind associated with these phenomena is 90 mph on a 100 year
recurrency interval.

The tornado presents a very specialized type of hazard involving both
violent winds and extremely large, rapid changes in barometric pressure.

The storms are small, unpredictable in detail and zathez infreq:.ent,
but they undoubtedly represent. one of the few environmental factors that
could, if ignored in plant design, inflict dizect ma)or d'amage on the
facility. Typically, the tornado is a narrow funnel, often only a few

hundzed yards wide, 'in which winds may briefly reach 300 mph. Almost

instantaneous changes in barometr ic pressure occur, reaching
3 psi and causing explosion of vulnerable structures. Because of the
sevezity of the phenomena, very few reliable measurements of
tornado intensities exist. It is therefore difficult to dissociate wind

and pressure effects, but the estimates given above are considered

fairly reliable maximum values. This portion of Michigan has a signifi-
cant tornado probability, as is apparent in the map shown in Fj.guze 2.2-
2. Berrien County has had 2S tornadoes between 1950 and 1989.
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Ice Storms

Par less destructive, but far more probable, are the ice storms that
frequent the north central states. M'chigan lies in the belt where such

storms are common and in the years from 1970 to 1989, 6 significant ice
storms have been reported in this area.

2.2.3 DISPERSION METEOROLOGY

W rst Case X valu s

X/Q values for 1992 (a tyoical year) were calculated from data from the
majn tower's 10 meter instruments using the MIDAS computer code. The

data show a worst case X/Q value at, the site boundary as 1.06E-OS
sec/m'uring

1992. The worst case eyer computed by the present meteorological
system through 1994 is 1.13E-05 sec/m'. Boch of these values are well
below the established worst case X/Q value of 3.15E-04 sec/m'. Table
2.2-3 shows the X/Q values for all sectors at 10 distances.

Atmos heric Stabilit

The atmospheric stability for the area is now classified according to
the Pasquill categories for use in dispersion calculations. These

categories range from A to G, with the G category being the most stable.
Jo:nt frequency tables for 1992 (a typical year) have been compiled and

"are shown in Tables 2.2-4 through 2.2-11. The data show that a large
percentage (33':) of the year is devoted to Category D. A rather

W

substantial port'on of the year (23:) shows an extremely unstable
classification (Category A) . There is only a small oortion of time -(7~)

devoted to the extremely stable conditions of Category G.

Hind S ed and Direc ion

Wind speeds were moderate in 1992 (a typical year). The predominant

wind speed range is 4-7 mph category. The wind speed exceeded 14 mph

less than 4~ of the time. The wind direct'on at the main tower va ied;
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Sediment Chemistz

Sediment chemistry studies were conducted to determine if the
Cook Nucleaz Plant vicinity in particular and Lake Michigan in
general were contaminated from anthropogenic trace element
sources and to establish the background levels of the
radioactive and non-radioactive elements so these concentrations
could be compared with levels measured after plant operation
began.

4

Water Chemist

Water chemistry studies were conducted to determine if the Cook

Nuclear Plant vicinity in particular and Lake Michigan in
general were contaminated from anthropogenic trace element
sources and to establish the backgiound concentrations of
radioactive and non-radioactive elements so these concentrations
could be compared with levels measured after plant operation
began.

2.6.2.3 Initial Study Results

Ph sical Limnolo

Figure 2.6-1 is a plot of the bottom of the lake adjacent to the
site. It is characterized by gentle and zegular topography.
The 100-foot depth isopleth li.es about six miles from shore.
Isopleths are generally regular and parallel to the shoreline.
Two sand bars lie close to shore along the entire length of the
site property. The i.nner bar averages about 500 feet from the
shoreline while the outer bar runs approximately 1000 feet from
the shoreline. Maximum water depth of five to six feet is
present between the inner bar and the shore. Twelve to thirteen
feet of depth is the greatest measured between the'bars. The

depth over the crest of the inner bar is about four feet, while
the outer bar peaks at eight to nine feet beneath the surface.
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A numbe" of studies of bottom stability along the east shore of
Lake Michigan have been made in the past decade or two. 'ake
Michigan has what apoears to be very- stable conditions near

l

shore despite seve e storms and winter icing. Present evidence

indicates that the nearshore sandbars fluctuate in position but

maintain a fairly consistent average position, with fairly
consistent water depths over their crests. Though bottom

contours remain relatively stable, the littoral transport of
sand has been estimated to be 100,000 cubic yards per year

moving generally southward along the Michigan shore.

Although all of the currents of Lake Michigan are not thoroughly

understood, .certain of the larger features have been found with

a surprising degree of constancy. There is a general outflow

current along the Michigan shore from Little Sable Point

northward toward the Straits of Mackinac, and there is a large

eddy near the eastern shore near Benton Harbor, Michigan.

Figure 2.6-2 indicates the results of several studies made of
lake currents. Xn addition to the gross current features, there

appears to be a thin, elongated, counterclockwise eddy close to

the shore between Michigan City, Endiana and Benton Harbor

(indicated by X on Figure 2'.6-2) . Some discussion on natural
cyclic lake level fluctuation is warranted.

The speed and direction of local water currents in the site
vicinity control the movement and dispersal of plant thermal

plume. Studies (4) indicated that alongshore currents are

established and controlled by interactions between local winds

and the regional current pattern. Local winds are the dominant

factors in establishing alongshore currents.

Lake levels tend to follow cycles. Over the past fifty'years,

periods of high lake levels and erosion were experienced from

1951-55, 1969-1975, and 1983-1987. The all-time high water

level was recorded in 1986 at 581.10 ft. International Great
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Lake, Datum (IGLD} . The current period aopears to have begun

at the beginn'ng of 1996 at a water level of 578.5 and ended the

year up 1.5 ft. to 580 ft. IGLD. The current predication is
that lake levels will continue to increase into 1997, and could

meet or exceed the 1986 high. (2)

An Illinois State Geological Survey report (3) cites that where

lake levels are rising above the 579 ft. IGLD level, well-
developed beaches, will delay the onset of maximum bluff erosion
until they are depleted. After beaches have been depleted,
bluff erosion from wave attack progresses farily rapidly. Bluff
erosion generally does not immediately decrease with decreasing
lake levels, even when they fall below the 579 ft. level.
Commonly, there is a lag effect by which recession rates are

maintained or accelerated because slopes remain exposed until
vegetation can become firmly established.

The Cook Nuclear Plant is protected by a sheet piling wal,l which

runs the entire length of its lake frontage from the north to
the south property lines. A second row of sheet piling runs

parallel and 35 ft. west of the first line of piling and spans

the length of the protected area.

Figure 2.5-3 is a plot of surface water temperatures in Lake

Michigan during the relatively cool year of 1965 and the

relatively warm year of 1966. Temperatures rise abruptly from a

32'F icing condition in winter to a peak in July and August and

then decrease linearly to ice-water temperatures by late
December.

A number of southwestern Michigan municipalities use Lake

Michigan as their potable water source. These intakes and their

" U.S. Army Corps of Engineers reports are expressed in IGLD.

Cook Nuclear Plant elevations are expressed in National Geodetic

Vertical Datum (NGVD) . NGVD IGLD + 1.56 ft.
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approximate distances from the plant discharge are as follows:

Northward

South. Haven

Benton Harbor

St. Joseph

32 miles
11 miles

9 miles

S~ou hward

Lake Township

Bridgman

Orchard Beach

New Buffalo
Grand Beach

Michigan

,Unknown

Michigan City, Indiana

,

0.4 miles
2. 5 miles ~

7 miles
16 miles
18 miles
19 miles
22 miles
25 miles

To the north, the outflow of the St. Joseph River interposes a

physical and dynamic barrier to further progress of effluent
northward, along the shore. The plant effluent plume could reach
the water intakes to the south at Lake Township, Bridgman and

Orchard Beach. These intakes are also of the infiltration type.
However, the prevailing winds of summer, when the worst dilution
conditions (minimum wind and wave section) exist, are expected
to carry the plume north from the plant and away from these
water intakes.

Seiches are oscillations in the level of lakes and similar
bodies of water caused by the passage of squall lines across the
body of water. — In Lake Michigan, these squalls have their
fronts oriented NE to SW and are accompanied by an abrupt
increase in barometric pressure and local high winds. Although
seiches occur frequently in the Great Lakes, the great majority
are only a few inches in amplitude. A large seiche occurred on

June 26, 1954 and caused water level increases of up to 10 feet
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at North Avenue in chicago, Illinois. The greatest level

increase recorded on the lake's eastern shore was 6 feet at

Michigan City, Indiana.

The max'mum recorded amplitude of an open lake seiche was 4.2

feet observed at. the Wilson Avenue Crib in Chicago on July 6,

1954. A previous seiche on June 26, 1954, which resulted 'n a

rise of 3.2 feet at Wilson Avenue Crib, caused the rise
estimated at less than 6 feet in the Michigan City yacht basi...

a point, approximately 25 miles south of the plant site in an

area where seiche ef ects are considered more severe than those

farther to the north..aking these values 'n proportion, one

can pos"u'ate the maxim m se'che oroducing a water level
'crease "'s much as 8 feet in the M'higan C'y yach" bas

To dete m ne the p'nt elevat'n necessary to protect the p'n=
from ''ccd"ng d e "= seiches, the character'st'cs of the lake

shore at the plant, 'h'storical meteorological condit'ons, and

mathemat'ca'odeling were used to =stimate a maximum seiche o=

8 feet. Hcweve, the est'mate was:rbitrar'ly increased to

feet as an extra safety margin.

Wind generated waves are 'mited in the'" dimensions by wind

velocity, duration and fetch..he "rearest Lake M'chigan et".".

Eor he plant site is 255 miles to the north. The maximum dee"

~aterwave 's approximately 23 Eeet, and would requ e a

sustained ..orth wind cf about 26 knc"s for over 19 hou s. ;he

runup of such a wave on the site shore, discount'ng t." . =."e =s

of the off-shore sandbars, nas been ca'culated as 3,7 feet.
This f'gure is over'y conservat've, however, since the 'arge

wave acprcaching the beach wou'd be tr'pped by each of the san"

bars.

The co'n" de..ta'ccurrence of maximum wave and maximum se'che

was eva'" a=ed and de"erm'ned not to be a possible event.
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Elimination System Permit issued to the plant by the Michigan
I l

Water Resources Commission. The majority of the research was

conducted by the University of Michigan with the private
consulting firm ETA Engineering, Inc. and the Cook Nuclear Plant
staff conducting the therma.'. plume mapping and bathymetric
surveys.

Many studies begun during the initial phase were continued
during this phase. These studies provide the plant operational
data to compare with the pre-operational data gathered during
the initial phase studies. Table 2.6-2 is a bibliography of the
reports published during this phase of study at the Cook Nuclear
Plant.

2.6.3.1 Study Groupings

Ph'ical Limnolo Studies

These studies include the shore ice formation and melt studies,
the lake current and temperature study using in situ monitors,
the study of the effects of the thermal plume on local
meteorology, the thermal plume mapping studies and the
bathymetric studies.

B olo ical Studies

These studies include continuations of the periphyton,
phytoplankton, zooplankton and benthos studies of species
composition and abundance. Fish studies of population size and

species composition were initiated.

Sedime t Chem st Stud es

Sediment chemistry studies included the non-radiological
elemental composition of the sediments. Radiological elements
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were also monitored for the increase in certain radioactive
isotopes.

Wa r h mistr die

The water chemistry studies included analyses for pH, hardness,
conductivity, phosphorous, total nitrogen, sulfate, ammonia and

trace metals.

2.6.3.2 Purpose of Technical Specification, Appendix B Studies

The Technical Specification Appendix B is part of the Cook
I

Nuclear plant operating license that regulated the radiological
and non- radiological environmental monitoring, aquatic-
ecological studies of the post-startup impacts to Lake Michigan,
and regulated plant effluents, both radiological and non-

radiological. Radiological issues are now addressed in the
Offsite Dose Calculation Manual. The non-radiological issues
remain in the Appendix B Technical Specifications, whose

objectives are to:

(1) verify that the station is operated in an environmentally
acceptable manner, as, established by the FES and other NRC

environmental impact assessments.

(2) Coordinate NRC requirements and maintain consistency with
other Federal, State, and local requirements for
enviornmental protection.

(3) Keep NRC informed of the environmental effects of facility
construction and operation and of actions taken to control
those effects.

Environmental concerns identified in the FES which relate to
water quality matters are regulated by way of the Plant's NPDES

permit.
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Ph sical Limnological Studies

The ice studies were continued to determine how the thermal

discharge affected the shore ice and the floating ice in front
of the plant. Winter storms could potentially cause severe

beach erosion if the thermal, plume melted the floating ice and

the ice foot (the ice frozen .to the bottom at the

water/substrate interface> exposing the beach to winter storm

generated .waves.

A five-year meteorological study was conducted at Cook Nuclea

Plant to determine if .the operation of the once-through lake

water cooling system would significantly effect the natural
temperature, moisture, precip'tation and fog conditions inland
from the plant and, if so, how and to what extent these climat'c
conditions are affected. This investigation was undertaken

because of the absence of quantitative information on the

meteorological effects of near-shore warm wat'er plumes. The
I
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local economy is heavily de'pendent on agriculture, especially
fruit crops. Changes to the local weather conditions, could have

a serious impact on the local economy.

Thermal plume mapping studies were conducted to determine the
aerial extent of the 3F'nd 1F isotherms and the 3F'lume
volume. This information was needed to determine if the plume
would impact potable water intakes north 'and south of the plant,
if the thermal plume would sink in the winter and impact the
benthos and-if the thermal discharge would comply with the 570-
acre areal limit imposed by the state issued NPDES Permit. The

lake current and temperature studies were used to help interpret
the thermal plume" mapping studies and evaluate the accuracy of
the mathematical plume dispersion model. Knowing the size of
the thermal plume also helped aquatic biologists determine how

much aquatic habitat was impacted by the plume. Knowing the
plume dimensions and location also helped the research team from
the University of Michigan evaluate causes of changes in fish
populations near the plant.

The bathymetric studies were conducted to determine if the lake
water intake and discharge structures caused sediment erosion
outside of the rip-rap aprons around these structures.

Biolo ical Studies

The biological studies of the abundance and distribution of
periphyton, phytoplankton, zooplankton and benthos were

continued from the initial phase studies to provide the pre-
operational and operational data comparisons. Fish studies were

initiated in 1973 and were fully implemented in 1974. These

studies were conducted to determine the impact of the Cook

Nuclear Plant from construction and operation. Construction
related impacts include the habitat alteration resulting from
increased silt run-off from the construction site, placement of
rip-rap around the intake and discharge structures and burying
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of the intake and discharge tunnels in the lake bed.

Operational impacts could result from oil and chemical sp'lls,
thermal discharges, the imoingement of fish and benthos

(c'rayfish) on traveling screens and the entrainment of
planktonic organisms (phytoplankton, zooplankton, benthos and

fish eggs'and larvae) through the cooling water system. The

combined impacts of the plant construction and operation were

studied by analyzing the biological community structure for
changes in species diversity and abundance. Primary production
was estimated using the C-14 method; a measure of the effect o

plant effluents on algae cell function. The health of algae
cells entrained through the plant was assessed by measuring

chlorophyll to phaeophytin ratios. Zooplankton could be

impacted by the Cook Nuclear Plant thermal plume or by

entrainment through the cooling system. Heat and mechanical

damage caused by turbulent water flow through the system are the

major effects.

i

Benthos were studied to determine the impacts of heat, habitat
alteration, impingement on travelling water screens and plant
entrainment caused by Cook Nuclear Plant operat'on. Changes in,
species composition and abundance was the measure used to
determine effects

~

'ish

were studied to dete mine the ef"ects of the thermal plume

on, adult and juvenile fish distributions, the impact of adult
'and juvenile fish impingement on travelling water screens, and

the effects of f'sh egg and larvae entrainment through the powe

plant.

Se im nt Chemistr Studies

The sediment chemistry studi s were conducted to determine the

changes in sediment chemical composition due to chemical

discharges from the plant and from the possible build-up of
organic mater'al due to "he settling and decomposition of
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aquatic biota killed by the Cook Nuclear Plant thermal plume or
plant entrainment.

W ter hemistr Studies

Water samples were collected and analyzed for phosphorus,

dissolved silica, nit ate, nitrite, chloride, sulfate, oxygen

saturation, alkalinity, pH, conductivity and these trace metals

Ba, Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Sr and Zn. Xn

addition, a detailed study of the thermal bar was conducted to
determine if it is a barrier to mixing of onshore with offshore
water and, if so, how great did the chemical gradient become

before the thermal bar moved far offshore.

2.6.3.3 Results of Technical Specificaticn, Appendix B Studies

All results reported below are from Publication 22 from the

University of Michigan unless noted otherwise.

Ph i al Limnol udi s

Ice studies were conducted over a ten year period from the

winter of 1969-1970 through 1979-1980. A method of photo-

graphing the ice formation and analyzing the photographs was

developed so the distance from the camera and the elevation of
the object could be determined with reasonable accuracy. The

conclusions of the ice study were:

1. The data show that the offshore ice ridges, offshore
breakers and breaker zones, three characteristic features
of the Lake Michigan shoreline in front of Cook Nuclear

Plant, are coincident.

ice ridges appear to be grounded features of the near

shore ice complex and they serve a dual role. They
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protect the beaches from incoming wave energy when present

and, during the breakup of the complex, may modify the

topography in the„offshore bar vicinity.

2. The stages of ice development appear not to be controlled
by any single meteorological variable but by a complex

interrelationship between ice development and

meteorological conditions. Air temperatures below

freezing were found to be a necessary condition for
initiation of the ice foot.'rowth of the ice complex was

associated with westerly winds and deterioration with
easterly winds.

3. The plant's thermal plume produced a melthole that ranged

from 0.1 to 0.5 square miles in size. The melthole was

restricted to the vicinity of the discharge area, The 'ce

ridges closest to the shoreline were minimally affected by

the melthole and the effectiveness of the "ice ridge"
complex as a wave energy diss'"ator to protect the beach

was not significantly altered.

4. North and south of the melthole there was no noticeable
change in the normal ice complex of ridges and lagoons and

the nearshore ice complex was not discernibly altered d e

to the presence of the plant thermal plume.

Lake current studies were used to help analyze the thermal

plume mapping data. Lake currents near the plant were the

single most important physical parameter affecting the
position, size and trajectory of the thermal plume. The lake

current data were needed to determine the probability of the

plume inf'uencing other ~ater intakes', recirculation to the
Cook Nuclear Plant intakes and contacting the beaches north c=

south of the plant. The in situ current meters were moored

about lm from the bottom of the lake in four locations (see

Figure 2.6-4) . Surface drogues were used on the days therma:
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month and year-to-year changes in phytoplankton assemblages"

(2). u,

2.6.4 Ongoing Study Phase (1983 to Present)

Asiatic clams ~~b~ Qum~ea) and zebra mussels

~neiaae no~acr~a) have been introduced to the Cook

Nuclear Plant area as well as other locations in L'ake

Michigan. An Asiatic clam shell was found at" the plant in
1983 and zebra mussels were discovered in the plant intake
forebay in 1990.

Asiatic clams have caused, serious clogging problems in water
intake systems in the southern United States over the past 30

years or so. The Nuclear Regulatory Commission issued a

bulletin requiring nuclear plants to monitor for Asiatic clam

infestation in 1982. Asiatic clams are heat tolerant and cold
intolerant. Water temperatures at the plant will prevent this
species from becoming a serious biofouling organism at Cook

Nuclear Plant.

Monitoring to ensure the Asiatic clam population remained low
was begun in 1982 and has been conducted annually since then.
Larval Asiatic clams (veligers) are monitored in filtered
intake water samples and plant raw water systems are carefully
inspected during routing maintenance. One live clam and about

a dozen shell halves have been found in eight years of moni-

toring. No veligers have been collected.

Zebra mussels have been the cause of serious biofouling
problems in Europe and Russia for many years (5). Water

intakes for drinking water supplies and power plants have been

clogged by zebra mussels in Lake Erie since they were first
discovered in the St. Clair River in 1988. Zebra mussels are
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cold adapted animals and are considered a potentially ser'ous
biofou)ing problem at the Cook Nuclear Plan".

No Asiatic clams have been found since April 1991, when half-
shells were found during a Clam-trol flush of the fire
protection system. This system has been placed on Lake

Township water since the Spring of 1993. No Asiatic clams or
zebra mussels have been reported in the Fire Protection System

since it has been placed on the Lake Township water system.

There is a consensus that Asiatic Clams do not pose a threat
to Cook Nuclear Plant as they are a warm water species. They

are no longer a part of the monitoring program.

Biocides supplemented by mechanical cleaning and design
changes including strainers, filters, screens, and chem'cal
delivery systems, work to protect plant systems. A zebra
mussel monitoring program util'zing side-stream and artif'cial
substrate monitors, along with diver and heat exchanger

inspections, is used to evaluate the effectiveness of chemica

and physical control measures.
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RADIOLOGICAL ENVIRONMENTAL M NITORIN PROGRAih

2.7.1 PURPOSE OF THE RADIOLOGICAL ENViRONMENTAL MONITORING PROGRAM (REMP)

The purpose of the REMP is to establish baseline radiation and
radioactivi.ty concentrations in the environs prior to reactor
operations, to monitor critical environmental exposure pathways,
and to determine the radiological impact, if any, caused by the
operation of the Donald C. Cook Nuclear Plant upon the local
environment.

The first purpose of the REMP was completed prior to the initial
operation of either of the two nuclear units at the Cook Nuclear
Plant Site. The second and third purposes of the REMP are an on-
going operation and as such various environmental media and
exposure pathways are examined. A complete and technical
representation of the REMP is set forth in the Donald C. Cook Off-
site Dose Calculation Manual (ODCM) .

2.7.2 ', PREOPERATIONAL STUDY

The preoperational portion of the REMP was started 12 - 18 months
before fuel was loaded into Unit 1. During this period, equipment
was tested, sampling stations and sample media "were determined,
analytical procedures were tested, and some data was accumulated
and examined for statistical variability. Modifications that were
necessary to attain reliable and coherent data were made during
this period.

2 . 7. 3 SUiiRY OF PREOPERATIONAL RADIOLOGICAL ENVIRONMENTAL MONITORING
PROGRAM

There were several different types of environmental samples
collected and analyzed during the preoperational sampling phase.
Results from these samples are listed below.

The average monthly LiF thermoluminescent dosimeter (TLD) readings
of August 1971 through December 1971, on-site, varied from 3.9 t
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1.3 mrem to 11.7 z.0.8 mrem and off-site from 3.9 a 1.2 mrem to
13.3 ~ 1.1 mrem.

Initial water samples were taken in Lake Michigan and at water
treatment facilities located in Bridgman, St. Joseph, Benton
Harbor, and New Buffalo. These showed tritium concent'rations of 562
t 36 pCi/1 to 583 a 36 pCi/1. Gross beta at the above sampling
stations showed 0.0 z 2.0 pC/i to 6.8 ~ 1.0 pCi/l.

The determination of gross beta in the on-site airborne particulate
samples was 0.01 g 0.01 to 0.24 g 0.1 pCi/m'. The same values for
off-site stations are 0.01 + 0.01 to 0.24 z'.1 pCi/m'.
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3.1 SUMMARY DESCRlPTION

3.0 REACTOR

All fuel rods are pressurized with helium during fabrication to reduce.

stresses and strains and to increase fatigue life. The fuel rods are cold
worked, partially annealed Zircaloy tubes containing slightly enriched

uranium dioxide fuel.

The fuel assembly is a canless type with the basic assembly consisting of
the rod cluster control guide thimbles fastened to the grids, and to the top
and bottom nozzles. The fuel rods are supported at several points along
their length by the spring-clip grids.

Full length rod cluster control assemblies (RCCAs) are inserted into the

guide thimbles of the fuel assemblies. The absorber sections of the RCCAs

are fabricated of silver-indium-cadmium alloy sealed in stainless steel
tubes.

The control rod drive mechanisms for the full length RCCAs assemblies are of
the magnetic latch type. The latches are controlled by three magnetic

coils. They are so designed that upon a loss of power to the coils, the

RCCAs are released and fall by gravity to shut down the reactor.

The reactor was initially supplied with fuel from tlestinghouse Electric
Corp. (W) . Reload fuel for Cycles 2 through 7 was supplied by Exxon Nuc'ear

Co (ENC) . Cycles 8 through 15 reload fuel was supplied by Nestinghouse

Electric Corp. The latest information regarding the current fuel cycle may

be found in Sub-Chapter 3.5.
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In addition to this summary descr'ption, this chap"e" contains: a

desc iption of the mechanical components of the reactoz and reactor
coze, including Cycle 1 W fuel assemblies, rea tor 'nternals and control rod
mechanisms (Sub-Chapter 3.2); a description of the Cycle 1 nuclear design
for the W fuel (Sub-Chapter 3.3); a description of the Cycle 1

thermohydraulic design (Sub-Chapter 3.4); and a description of the current
core design (Sub-Chapter 3.5).

The information contained in this chapter is principally concezned with the
nuclear fuel and reactor internals design and therefore does not necessar'ly
reflect the same information as that used in the safety analysis. For
information concerning safety analysis, Chapter 14 should be consulted.

3.1.1 performance Objectives

The curzent licensed thermal power limit is 3250 MWt. Calculations indicate
that hot channel. factors are considerably less than those used for desi,gn
purposes in this application. The thermal and hydraulic desi.gn,'nd
accident analyses (except large break LOCA) in Chapter 14, vere performed at
3411 MWt for Cycle 8. These analyses identify. design/safety limits for a

potential uprating.

The turbin~enerator and plant heat removal systems have been designed foz
a thermal rating of 3391 MWt. The portions of the safety analysi.s dependent
on heat removal capacity of plant and safeguards systems have assumed the
maximum calculated power rating of 3391 MWt, as have the evaluations of
activity release and radiation exposure.

The initial reactor core fuel loading vas designed to yield the first cycle
nominal burnup of 16,666 MWD/MTU, and the Cycle 2 through 7 reload
designs yield an nominal cycle burnup of 10,000 MWD/MTU. Reload designs
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3.3.1 NUCLEAR DESIGN AND EVALUATION

This section presents the nuclear charact'eristics of the initial core and

an evaluation of the characteristics and design parameters which are

significant to design objectives. The capability of the reactor to
achieve these objectives while performing safely under operational modes,

including both transient and steady state, is demonstrated. Power

distribution limits have been updated in the current Technical
Specifications which applies to cores with N OFA reloads. These current
limits are incorporated in Section 3.5. Nuclear characteristics of the

current cycles reload fuel are discussed in Section 3.5.

Nu lear Chara ri ic f the De lan

A summary of the reactor nuclear design characteristics for the initial core

is presented in Table 3.3.1-1.

R ac ivi Con rol As e

Reactivity control is provided by neutron absorbing control rods and by a

soluble chemical neutron absorber (boric acid) in the reactor coolant. The

concentration of boric acid is varied as necessary during the life of the

core to compensate for: (1) changes in reactivity which occur with changes

in temperature of the reactor coolant from cold shutdown to the hot

operating, zero power conditions; (2) changes in reactivity associated

with changes in the fission product poisons xenon and samarium; (3)

reactivity losses associated with the depletion of fissile inventory and

buildup of long-lived fission product poisons (other than xenon and

samarium); and (4) changes in reactivity due to burnable poison burnup.
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The control rods pzovide reactivity control for: (1) fast shutdown;

(2) reactivity changes associated with changes in the average coolant
temperature above hot zero power (core avezage coolant temperature is
increased with power level); (3) reactivity associated with any void
formation; (4) reactivity changes assdciated with the power coefficient of
reactivity.

Chemical Shim Control

control to zender the reactor subcritical at temperatures below the
operating range is provided by a chemical neutron absorber (boron). The

boron concentration during Cycle 1 refueling has been established as shown

in Table 3.3.1-1, line 29. This concentration, together with the cont ol
rods, provides approximately 10 per cent shutdown margin for these
operations. The concentration was also sufficient to maintain the core
shutdown without any control rods during refueling. Eor cold shutdown, at
the beginning of Cycle 1 core life, a concentration (shown in Table 3.3.1-',
line 37) was sufficient for one per cent shutdown with all but the highest
worth zod inserted. The boron concentration (Table 3.3.1-1, line 29) foz
Cycle 1 refueling was equivalent to less than two per cent by weight boric
acid (H BO ) and was well within solubility limits at ambient temperature.
This concentration was also maintained in the spent fuel pit since it is
directly connected with the refueling canal during refueling operations.

The initial Cycle 1 full power boron concentration without equilibrium xenon

and samarium was 1152 ppm. As these fission product poisons were built up,
the boron concentration was zeduced to 838 ppm.

This initial boron concentration was that which permitted the withdrawal
of the control banks to their operational limits. The xenon-free hot,
zero power shutdown (k ~ 0.99) with all but the highest worth rod inserted,
was maintained with a boron concentration of 734 ppm. This concentration
was less than the full power operating value with equilibrium xenon.
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3.4 THERMAL AND HYDRAULIC DESI N

This section describes the thermal and hydraulic design of the Unit 1 core

with Nestinghouse (W) fuel. The current cycles'hermal/hydraulic design is
discussed in Section 3.5.3.

3.4.1 THERMAL AND HYDRAULIC EVALUATION FOR THE INITIAL CORE

Thermal and H dr ulic hara eristi s f the Desi n

Thermal Data

Central Temperature of the Hot Pellet

The temperature distribution in the pellet is mainly,a function of the

uranium dioxide thermal conductivity and the local power density. The

surface temperature of the pellet is affected by the cladding temperature

and the thermal conductance of the gap between the pellet'nd the cladding.

The occurrence of nucleate boiling maintains the maximum cladding surface
0temperature below about 657 F at nominal system pressure. The contact

conductance between the fuel pellet and cladding is a function of the

contact pressure and the composition of the gas in the gap
(1) (2) and may be

calculated by the following equation:

h a 0.6 P +

where:

f(14.4 x 10 )

h is conductance in Btu/hr-ft - F
2 0

~ P is contact pressure in psi
k is the thermal conductivity of the gas mixture in the rod

f is the correction factor for the accommodation coefficient
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The thermal-hydraulic design assures that the temperature of the center of
the hottest fuel pellet is below the melting'oint of the UO . (Melting

o (7] o
2'ointof 5080 F unirradiated and reducing by 58 F per 10,000 MWD/MTUs)

The temperature distribution within the fuel pellet is predominantly a

function of the local power density and the UO thermal conductivity. The
2

pellet surface temperature is governed by the cladding temperature and one

thermal conductance of the fuel pellet-cladding gap.

The thermal conductivity of uranium dioxide was evaluated from data reported
by Howard, et al. ; Lucks, et al. '; Daniel, et al. '; Feith([21] [22) t23> [24>

Vogt, et al. ; Nishijima, et al. ; Wheeler, et al'. ; Godfrey, et(25) , [26) , [27]

al ; Stora, et al. ; Bush ; Asamoto, et al. ; Kruger'; and(3]. (28) (29) (30] [31]
[32)Gyllander . An examination of the UO thermal conductivity data, Figure

3.4.1-1 shows thit at temperatures between 0 C and 1600 C there is little0

variation in the data, 'while above 1600 C the scatter increaseso

considerably.

At the higher temperatures, thermal conductivity is best obtained utilizing
the integral conductivity fo melt, which can be determined with more

certainty. From an examination of the data, it has been concluded that the
2800ocbest sstlnate for the value of I kdT is 93 twtas/ co Thi.s conclusion

'[32]is based on the integral values reported by Gyllander ; Lyons, et
al. ; Coplin, et al. g Duncan'; Bain'; and Stoxa[[33) '34j (5], - ['35) [36]

The design curve for the thermal conductivity is shown in Figure 3.4.1-1.
The section of the curve at temperatures between 0 C and 1300 C is
in excellent agreement with the recommendation of the ZAEA panel [37)

The section of the curve above 1300 C is normalized to an integral valueo

(5, 32-36] oof 93 watts/cm from 0 to 2800 C.
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3.5 Current Westin house OFA Rel ad Fuel

Start,ing with Cycle 8 operation (startup November 1983), the Cook Nuclear

Plant Unit 1 has been refueled with Westinghouse (W) fuel assemblies of the

15x15 opt'mized fuel assembly (OFA) design. This chapter evaluates the

mechanical, nuclear, and thermal hydraulic design of the OFAs. Unit 1 Cycle

15 fuel will be principally used as an example of Westinghouse OFA Reload

Fuel for current cycles. Information for other reloads will be used when a

significant design change is introduced.

The design of the W OFA (15xl5 fuel rod array) is similar to the W 15x15

LOpAR (low parasitic) fuel which was used in the Cook Nuclear Plant Unit 1,

Cycle 1 core. W LOPAR fuel also has had substantial operating performance
(2)in a number of nuclear plants. The major difference introduced by the W

15x15 OFA design is the use of five intermediate Zircaloy grids, replacing
five intermediate Inconel grids for the LOPAR fuel. The 15x15 Zircaloy grid
design is similar to the W 17x17 OFA grid design. The W 17x17 OFA design
has been generically approved by the NRC via their review of the W 17x17 OFA

(3)Reference Core Report. Prior ro the insertion of 15x15 OFAs in Cook

Nuclear Plant Unit 1, operating experience had been obtained in other plants
for six demonstration 17x17 OFAs which contain Zircaloy intermediate

(2)grids.

Eight of the eighty-four feed fuel assemblies for Cook Unit 1 Cycle 15 were

fabricated with 'Intermediate Flow Mixer (IFM) and Low Pressure Drop (LPD)

grids. These eight feed assemblies will be placed in peripheral locations
in Cycle 15 as Lead Test Assemblies (LTAs) .

IFM grids are considered non-structural upper assembly grids which contain
mixing vanes similar to zircaloy structural grids. Specifically, the IFM

grids are located between mid-grids 4 and 5, 5 and 6, and finally 6 and 7.

Based on a proven design, the 15x15 IFM grids have less than one third the

mass of the current 15xl5 structural grids. These IFM grids will have

virtually no effect on neutron economy.
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As expected, adding the IFM grids alone to .the fuel assembly desl.gn would

increase the pressure drop across the assembly and have a signifgni scant impact

on the safety analysis of record. In order to alleviate this impact,

Westinghouse has developed, previously licensed, and utilized the Low

Pressure Drop (LPD) structural grids in conjunction with these IFM grids
These LPD grids are reduced in height wt.th chamfered upstream edges and have

an innovative diagonally-oriented grid spring design. Whi.le these

modifz.cations do not detract from the structural capabilities of the grid
they significantly reduce. the pressure drop of the grids and therefore allow
adding IFH grids with minimal impact.

Additionally, all fresh fuel beginning wi.th C 1 15 fyc e are abricated'ith the

Performance + features which are described below.

Protective Grid

The protective grid is a partial height grid fabricated of Inconel without
mixing vanes. It is positioned directly above the top plate of, the bottom

nozzle. Rods are positioned close to the bottom and are modified with a

slightly longer bottom end plug. This grid provi.des added protection
against debris induced fretting by trapping debris below'-the fuel stack. In
addition the protective grid provides improved resistance to grid-rod

t

fretting by means of the additional support at the bottom of the rod.

Debris Mitigating Bottom End Plug

A 0.81" long, debris mitigating fuel rod bottom end plug (0.38" longer than

the current design) is used in conju'nction with the protective grid:. The

rods are positioned close to the bottom nozzle at the beginning of life
(BOL) and the s pring dimples of the protective grid contact the fuel rod

only on the solid end lup g. The active fuel stack length remains at 144" .
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3.5.1 Fuel mechanical Design

Each N OFA consists of 204 fuel rods, 20 guide thimble tubes, and 1

instrumentation thimble tube arranged within a supporting structure. The

instrumentation thimble is located in the center position and provides a

channel for 'nsertion of an incore neutron detector, if the fuel assembly is
located in an instrumented core position. The guide thimbles provide
channels for insertion of either a rod cluster control assembly, a neutron
source assembly, a WABA assembly, or a thimble plug assembly, depending on

the position of the particular fuel assembly in the core. The fuel rod

pitch is maintained by two Znconel end grids and five Zircaloy-4
intermediate grids. The Zircaloy-4 guide tubes are mechanically attached to
the OFA top and bottom nozzles. The guide tubes, nozzles and grids form the

structural skeleton of the fuel bundle. The fuel rods are loaded into the

fuel assembly structure so that there is clearance between the fuel rod ends

and the top and bottom nozzle. Figure 3.5. 1-1 shows an OFA fuel length
schematic view, and Table 3.5.1-1 shows OFA design values. Figure 3.5.1-1
shows the difference for certain dimensions between the OFA and the ENC

fuel, which had been used in previous cycles.

Hach fuel assembly is installed vertically in the reactor vessel and stands

upright on the lower core plate, which is fitted with alignment pins to
locate and orient the assembly. After all fuel assemblies are set in place,
the upper support structure is installed. Alignment pins, built into the

upper core plate, engage and locate the upoer ends of the fuel assemblies.

The upper core plate then bears downward against the holddown springs on the

top nozzle of each fuel assembly to hold the fuel assemblies in place.

The 1Sx15 OFA design meets the same basic mechanical design requirements and

criteria stated for the 17x17 OFA in NCAP-9500-A. Design values for the(6)

properties of materials which comprise the fuel rod, fuel assembly, and core

components are given in Reference 7.

The mechanical design of the fuel assemblies starting with Region 1S is
essentially the same as the Region 14 fuel assemblies with the exception of:
(1) Debris Filter
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Bottom Nozzle (DFBN), (2) increased radius bottom end plug, (3) anti-snag

top, mid and bottom grids, (4) Integral Fuel Burnable Absorbers (IFBA), and

(5) reconstitutable top nozzles (Region 16). These modifications described
below meet all fuel assembly/rod design criteria as presented.

The bottom nozzle is designed to inhibit debris from entering the active
fuel region of the core and thereby improves fuel performance by minimizing
debris related fuel failures. The DFBN is a low profile bottom nozzle

design made of stainless steel. The DFBN is structurally and hydraulically
equivalent to the existing low profile bottom nozzle.

The bottom end plug has an increased radius in the transition between the

chamfer and the end of the plug. There are no changes in the critical
dimensions of the bottom end plug or the pressure drop from the previous

region. Therefore the fuel rod performance and core safety considerations
are not adversely affected.

The top, mid and bottom snag-resistant grids contain outer grid straps which

are modified to help prevent assembly hangup due to grid strap interference
during fuel assembly removal. This was accomplished by changing the grid
strap corner geometry and adding guide tabs on the outer grid strap. The

inner grid straps were also modified slightly. Core safety considerations
are not adversely affected.

The IFBA coated fuel pellets are identical to the enriched uranium dioxide
~ pellets except for the addition of a thin boride coating on the=pellet
cylindrical surface along the central portion of the'uel stack length.
IFBAsAs provide power peaking and moderator temperature coefficient control
Details of the IFBA design are given in 'Section 2.0 Reference'5. IFBA

description is summarized in Section 3.5.1.3.
I

The reconstitutable top nozzle functions as the upper structural el'ement of
the fuel assembly in additioq to providing a partial protective housing for
the rod cluster control assembly or other components. It consists of- an

adapter plate, enclosure, top plate, and pads. The nozzle assembly
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The OFA boA bottom nozzle design has a reconsti.tutable feature, as shown in
Figure 3.5.1-7, which allows'' it to be easily removed. A locking cup is used

to lock the thimble screw of a guide thimble tube in place, instead of the

lockwire as used for the standard W LOPAR nozzle design. The

reconstitutable nozzle design facilitates remote removal of the bottom

nozzle and relocking of thimble screws as the bottom nozzle is reattached.

Evaluation

The OFA bottom nozzle has similar design features and dimensions compared to
the LOPAR nozzle, thus assuring mechanical compatibility.

3.5.1.2.4 Grids

Two types of grid assembLies are used in each fuel assembly. Both types

consist of individual slotted straps interlocked in an '"egg-crate"

arrangement. The straps contain spring fingers, support dimples, and mixing
vanes. One type, consisting of five (5} inner-grids per assembly, consists
of Zircaloy straps arranged as described above and permanently joined by

welding at their points of intersection. Their internal straps include

mixing vanes which project into the coolant stream and promote mixing of the

coolant. The other grid type, two (2) located at each end of a fuel
assembly, does not include mixing vanes on the internal straps. The

material of these grid assemblies is Inconel-718, chosen because of its
corrosion resistance and high strength. Joining of the individual straps is
achieved by brazing at the points of intersection. The outside straps on

all grids contain mixing vanes which, in addition to their mixing function I

aid an guiding the grids and fuel assemblies past projecting surfaces during

handling or during Loading and unloading of the core. The individual grid
cells at each fuel rod location provide six-point contact with the rod four
dimples and two springs.
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The attachment of the five Zircaloy inner-grid and two Inconel end-grid

assemblies to the guide thimble tubes is described in Section 3.5.1.2.1
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Evaluation

The fuel rods, as shown in Figure 3.5.1-1, are supported at intervals along

their length by grid assemblies which maintain the lateral spacing between

the rods. Each fuel rod is supported within each grid by the combination of
support dimples and springs. The magnitude of the grid restraining force on

the fuel rod is set high'nough to minimize possible fretting, without

overstressing the cladding at the, points of contact between the grids and

fuel rods. The grid assemblies also allow axial thermal expansion of the

fuel rods without imposing restraint sufficient to develop buckling or

distort'on of the fuel rods.
l

The top and bottom Inconel grids of the OFA are the same as the Inconel

grids of a W LOPAR fuel assembly. The five intermediate OFA Zircaloy-4

grids have thicker and wider straps than the OFA Inconel grids (See Table

3.5.1-1) in order to closely duplicate the Inconel grid strength. The ENC

assembly grids are bimetallic, consisting of Zircaloy-4 straps with Inconel

grid springs. Both the OFA Zircaloy and ENC bimetallic grids have grid
heights of 2.25 inches. The OFA Inconel grid height is 1.5 -.inches.

Elevation of the grids was established to ensure axial match-up during

operation.

Impact tests that have been performed at 600 F to obtain the dynamic

strength data verify that the Zircaloy grid strength at reactor operating

conditions is acceptable. The 15x15 Zircaloy grids have approximately 7~

less crush strength than the 15x15 Inconel grids at reactor operating

temperatures.

The ability of the grids to withstand seismic and LOCA impact loads is shown

in Section 3.5.1.1.
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3.5.1.3 Fuel Rods

The fuel rodrods consist of uranium dioxide ceramic pellets contained in
sli htl c'g y cold worked Zircaloy-4 tubing which is plugged and seal welded at
the ends to encapsulate the fuel. The fuel pellets are right circular
cylinders consisting of slightly enriched uranium dioxide powder which has

beeeen compacted by cold pressing and then sintered to the required density
The ends of each pellet are dished slightly to allow greater axial expansion

at the center of the pellets.

Void volume and clearances are provided within the rods to accommodate

fission gases released from the fuel, differential thermal expansion between

the cladding and the fuel, and fuel density changes during irradiation, thus

avoiding overstressing of the cladding or seal welds. Shifting of the fuel
within the cladding during handling or shipping prior to core loading is
prevented by a stainless steel helical spring which bears on top of the

fuel. At assembly, the pellets are stacked in the cladding to the required
fuel height, the spring is then inserted into the top end of the fuel tube

4
I

and the end plugs are pressed into the ends of the tube and welded. All
fuel rods are internally pressurized with helium during the welding process

in order to minimize compressive cladding stresses and prevent cladding

fiattenzng due to coolant operating pressures. Nominal fuel rod parameters

are given in Table 3.5.1-1.

Integral Fuel Burnable Absorber (IFBA)

The IFBA coating on the fuel pellets provides partial control of the excess

reactivity available during the beginning of the fuel cycle. In doing so I

the burnable absorber prevents the moderator temperature coefficent from

violating safety limits at normal operating conditions. The burnable

absorber performs this function by reducing the requirement for soluble

poison in the moderator at the beginning of the fuel cycle as described

previously. For purposes of illustration, a typical IFBA pattern in the

core together with the number of IFBA pins per assembly are shown in Figure

3.5.2-1.2-1. The IFBA coating on the fuel is part-length (117", offset +1.5"
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relat've to the fuel rod axial centerline) . For Region 18 fuel the coating
is 120" without offset. The burnable absorber is part-length to allow a

better (flatter) axial power distribution in the core. The ZrB, coating on

the fuel pellets is depleted with burnup, but at a sufficiently slow rate so

that the resulting critical concentration of soluble boron is such that the
moderator temperature coefficient remains within safety limits at all times
for power operating conditions.

D si n Bases

The fuel design bases and criteria for W 15x15 OFA fuel 'are the same as

those discussed in Sections 4.2 and 4.4.1.2 of WCAP-9500 for the w 17x17
{6)

OFA design. The bases and criteria given in Section 3.2.1.1.1 of the UFSAR

for 'Cook Nuclear Plant Unit 2 are also applicable, but it should be noted
that the region average discharge-burnups considered in the Cook Nuclear
Plant Unit 1 OFA fuel design are typically in the range of 38,000 MWD/MTU.

These design bases and criteria are summarized below:

a. ~ The cladding stresses under Condition I,and IZ even'ts are less than the
Zircaloy 0.2~ offset yield stress, with due consideration of
temperature and irradiation effects. Whi.le the cladding has some

capability for accommcdating plastic strain, the yield stress has been

accepted as a conservative design basis.

b. Cladding Tensile Strain - The total tensile " eep strain is less than
1~ from the uniradiated condition. The clast'c tensi'le strain during a

transient is less than 1% from the pre-transient value. This limit is
consistent with proven practice.

c. Strain Fatigue - The cumulative strain fatigue cycles are less than the
design strain fatigue life. This basis is consistent with proven

practice.

d. Wear - Potential for fretting wear of the clad surface exists due to
flow induced vibrat'ons. This condition is taken into account in the
design of the fuel rod suooort system. The clad wear depth is limited
to acceptable values by the grid suppor" dimole and spring design.
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3.5.1.4 Core Components

The core components consist of the rod cluster control assemblies (RCCAs),
the primary and secondary source assemblies and the thimble plug assemblies.
The design of the control rod assemblies in the Cook Nuclear Plant Unit
core is essentially unchanged from previous cycles and is compatible with
the OFA guide thimbles. Enhanced performance rod cluster control assemblies
(EP-RCCAs), which use silver-indium-cadmium (Ag-In-Cd), are utilized with
the standard RCCAs starting from Cycle 12. These have a thin chrome
electroplate applied over the length of absorber rodlet cladding in contact
with the reactor internal guides to provide increased resistance to cladding
wear. In addition, the absorber diameter is reduced slightly at the lower
extremity of the rodlets in order to accommodate absorber swelling and
minimize cladding interaction. The absorber rod cladding material is a very
high purity 10< cold worked type 304 stainless steel tubing.

New secondary source assemblies and OFA compatible plugging devices were
supplied in Cycle 8, Cycle 12, and Cycle 16. As discussed in Section
3.5.1.2.1, the reduced diametral clearance compared to LOPAR guide thimble
results in an increased RCCA scram time from 1.8 to 2.4 seconds which was

used in all accident reanalyses.

The guide thimble plug used with the OFA has a smaller diameter (0.485")
than the LOPAR thimble plug diameter, in order to maintain the same thimble
plug to thimble tube diametral clearance.

The optimized assemblies, their thimble plugging devices, and source
assemblies are compatible with existing handling tools.

UNIT 1 3.5.1-17 July 1997



Wet Annular Burnable Absorber WABA

The Wet Annular Burnable Absorber (WABA) rod design is sometimes used jn
Cook Nuclear Plant Unit 1 reload cores'with 15x15 M OFA fuel. The

materials, mechanical thermal hydraulic, and nuclear design evaluations of
the WABA rods are presented in a topical report,~~~ which has received NRC

generic approval, ~ ~ and approval for Cook Nuclear Plant Unit 1

application~ 'f WABAs,

The WABA des'sign has annular aluminum oxide - boron carbid (Al 0 - B C)23- C

absorber pellets contained within two concentric Zircaloy, tubes with water

flowing through th'e center tube as well as around the outer tube. The WABA

desxgn provides significantly enhanced nuclear characteristics, when

compaxed with the M borosilicate absorber rod design. Fuel cycle benefits
xesult from the, reduced parasitic neutron absorption of Zircaloy compared to

stainless steel tubes. Increased water fraction in the burnable absorber

cell, and a reduced boron penalty at the end of each cycle.

Figures 3.5.1-8 and 3.5.1-9 show the design- of a WABA rod, and Table 3.5.1-2

and Figure 3.5.1-9 present a comparison between...the WABA rod and a W

boxosilicate glass absorber rod.

I

The WABA rods inserted into each OFA are attached at, their top ends to a

holddown assembly and retaining plate in the same manner as burnable

absorber rods previously used in Cook Nuclear Plant Unit'1 reload cores.

Based on the materials and design evaluations in Reference 5, it's
concluded that the wet annular burnable absoxber rod satisfies all
performance and design requirements for 18,000 effective-full-power-hours
irradiated life.
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3.5.1.5 PERFORMANCE + Debris Mitigation Features

The following PERFORMANCE+ fuel features are used beginning with the fresh
"C

fuel delivered for Cycle '15.

1. Protective fuel rod oxide coating
'.

Debris mitigating bottom end
plug'.

Protect.ive bottom grid
4. External grioper top end plug
5. Variable oitch plenum spring

Pre-Oxidized Fu'el R d Claddin

The ZXRLO~" or Zircaloy-4 (Zr4) fuel rod clad~ing is pre-oxidized on the

bottom 6" to 7" (beginning with the bottom end plug) for debris fretting
resistance and fuel rod reliability. This fuel feature consists of a 3 to 5

micron coating applied to the fuel rod at a location below the bottom

inconel structural grid and as such provides for an increase in the

resistance to debris damage in this region. The Zirconium Oxide Coating is
thermally grown .on the cladding as part of the fuel rod manufacturing

process and, according to test results, is expected to increase the wear

resistance by a factor of 10 over that of the uncoated cladding.

Debri Mitiaatin B toom End Plu

A 0'.81",long, debris-mit'gating fuel
the cu rent design) is used with the

rod bottom end plug (0.38" longer than

protective grid, and the rods have been

positioned close (0.385" gap) to the bottom nozzle at the beginning of life
'(BOL). The active fuel stack length remains at 144".

Prore ive Bottom Grid (PBG

A protective grid has been added at the bottom of the assembly to provide an

additional debris barrier thereby improving fuel reliability. The

protective grid will also provide additional fretting resistance by

supporting the bottom of the fuel rod. This feature is designed to enhance

the debris mitigation performance of the fuel and consists of an additional
"thin" inconel grid positioned directly above the bottom nozzle.
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«e positioned close to the bottom and are modified, as discussed

e ow~ with a slightly longer bottom end plug, This grid Provides added

protection against debris induced fretting by trapping debris below this
grid where it can wear against the solid end plug. Zn addition, the gri.d

provides improved,,resistance to grid'-rod fretting by means of the additional
support at the bottom of the rod.

External Gri er To End Plu

The fuel rod top end plug was elongated {0.12" longer than the current
design) to 0.450" and fimed with an ex'ternal gripper. The external grip
feature assists in positioning the fuel road during manufacture, and also in
rod removal during reconstitution.

4

Variable Pitch Plenum S rin

Because of the longer fuel rod end plugs and resulting decrease in internal
rod void volume, a PERFORMANCE+ variable pitch (UP) plenum spring was

designed for fuel rods utiliking the protective grid package. The VP spring
has longer coil lengths in the middle section of the spring. The UP spring
continues to meet all design and manufacturing cri.teria while regaining some

-of the plenum volume lost to the longer end plugs.

3.5.1.5.1 Evaluations

Pre-Oxidized Fuel Rod Claddin

This feature results in a oxide layer "coating" before the fuel...rod is
loaded i.nto the core. Currently, the length of thi.s coating is expected to
be no longer than 6 or 7 inches, with the thickness tapering from its
maximum thi.ckness to zero beginning at approximately 5.5" from the bottom of
the rod. A review of the available data reveals that bottom of the active
fuel stack begins about 6.8" from the bottom of the rod (as a result of the

longer bottom end plug and, in this case, axial blankets). As such, this
debris coating does not affect the LOCA related transients as only the

active fuel length is modeled for heat transfer characteristics in the LOCA

analyses.
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3.5.1.6.5.2 Small Break LOCA

With respect to the eight as'semblies with LPD and IFM grids the 0 3 ps

increase in core pressure drop will have a negligible effect on results. Tn

addition, transition core effects need not be considered for SBLOCA, as the

low flows typical of a Small Break transient will not be substantially
affected by a small mismatch in hydraulic resistance. As a result, the

introduction of IFM/LPD assemblies will have no. effect on SBLOCA.

3.5,1.6.5.3 LOCA Related Issues

3. 5. 1. 6. 5. 3. 1 LOCA Forces

The most recent evaluation of LOCA forces for the Donald C. Cook Units was

performed in 1993 as part of the 30K Steam Generator Tube Plugging effort.
This evaluation utilized, as a basis, the analysis performed in 1988 to

support the T-hot Reduction/Uprated Power effort. However, the 15xl5 OFA

fuel analyzed in these previous efforts did not contain IFMs. In general,

the presence of IFKs would lead to higher vertical LOCA forces on the fuel
associated with the area and hydraulic loss coefficients of IFMs. In this
particular case, the presence of only 8 assemblies with IFHs vill not result
in a significant change in the calculated LOCA forces because 8 assemblies

are such a small fraction of the total core composition and the change in
force due to Its is not large in relation to the total vertical force on

the fuel. Therefore, the current LOCA forces vill remain bounding. There

is sufficient margin in the Steamline Break Transient to cover the

transition core penalty.

3.5.1.6.5.3.2 Post - LOCA Long Term Core Criticality

In order to ensure the peak temperatures from the large break LOCA are not

exceeded, it is necessary to demonstrate that the core remains subcritical
in the long term. This is accomplished by calculating the mixed mean boron

concentration of the sump folloving a postulated large break LOCA and

comparing it to the boron required to maintain subcriticality for the cycle

of operation. This analysis is not negatively impacted by IBf/LPD grids in
8 fresh peripheral assemblies.
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3.5. 1.6.5.3.3 Hot Leg Sw'tchove

As part of the requipement to maintain core eoolable geometry in the long
term, NUREG-0800 required that steps be taken to oreclude the precipitation
of boron in the vessel. This results in the requirement to switch from cold

1

leg recirculation mode to hot leg injection mode (or simultaneous hot and

cold leg injection mode) . The hot leg switchover time is calculated as the
minimum'ime at which boron solut'on concentration in the vessel due to
boiloff comes within four percent of the solubility limit. This calculation
is not negatively impacted by IFM/LPD grids in 8 fresh peripheral
assemblies.

3.5.1.6.6 Transient (non-LOCA) Evaluation

The installation of 8 fresh assemblies with IFM/LPD grids into the Cook Unit
15x15 core can potentially impact the following areas of the non-LOCA safety
analyses:

~ the pressure drop across 'the core,
~ the rod drop time/rod insertion vs. time curve used to generate

the trip reactivity insertion curve, and

DNB effects, e.g., core thermal limit adjustments and transition
core penalties.

Section 3.5.1.6.1 provides the pressure drop information for the core
configuration applicable to" Cook Unit 1 Cycle 15. It can be seen that the
installation of the assemblies with IFM/LPD grids results in an increase in
the core pressure drop of less than 1. 15~. An increase in the core pressure
drop of this magnitude is very insignificant. The non-LOCA transients, with
the exception of the loss of flow events, are insensitive to the RCS

pressure drops.,

An increase in the core pressure drop results in a slightly faster flow
coasrdown during a loss of RCS flow or locked reactor coolant oump rotor
event (UFSAR Section 14.1.6) .
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the installation of IFM/LPD grids in 8 of the 193 fuel assemb]ies

will have no impact since an increase in the core pressure drop of 0.3
psi'ill

have a negligble affect on the total RCS pressure drop. (As a

reference point, j.t should be noted that the total RCS pressure drop undex

10X steam generator tube plugging conditions is on the order of 85 psi. Any

increase in the steam generator tube plugging level will cause the total RCS

pressure drop to increase, thereby making the 0.3 psi core pressure drop

increase to be even more negligble by contrast.} Therefore, the RCS flow
coastdown will not be adversely impacted. Thus, the slight increase in the

core pressure drop will not invalidate the conclusions presented in the

Donald C, Cook Unit 1 UFSAR for the Loss of Reactor Coolant Flow transients,
nor the Locked Rotor Accident.

Since. the assemblj.es with IFM/LPD grids will not be in RCCA locations, the

rod drop time is assumed to not be affected. As such, the curxently assumed

rod drop time of 2.4 seconds and the normalized RCCA position versus time

curve assumed in the safety analyses remains valid. Thus, the trip
reactivity assumptions that have been made in the non-LOCA safety analyses

are not impacted by the installation of the 8 fresh assemblies with IFM/LPD

grids.

There is no impact on the calculated statepoints and/or minimum DNBR

calculations performed by Transient Analyses since the core thermal limits
and axial offset limits continue to remain valid and the change in the core

pressux'e drop is insignificant. Furthermore, the applicabilj.ty of the core

thermal limits and axial offset limits are verified for each particular
cycle during the Reload Process. Assembly-specific effects with respect to

minimum DNBR (i.e., transition core penalties} due to the 8 installed fresh
assemblies with IFM/LPD grids are addressed in Section 3.5.1.6.5.

Since the core pressure drop change is insignificant, such that non-LOCA

transient behavior has been determined to not be impacted, and the assembly-

specific DNB affects have been addressed, it can be, concluded that there is
no safety impact on the non-LOCA portion of the Donald C. Cook Nuclear Plant

Unit 1 licensing basis.
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3.5.1.6.7 Other Safety Rela" d Ar as

The following safety related areas were determined not to be impacted by the
insertion of 8 fuel assemblies with IFM/LPD grids.

Mechanical and fluid systems

Instrumentation ana control systems

Environmental qualification of components

Containment 'analysis
Radiological consequences of accidents
Steam generatox tube x'upture

Emergency Operating Procedures

Technical Specifications
Protection system setpoints
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I

dimensional model which is u 'tilxzed to simulate operation of the core for
previous cycles.

As an example, Cycle 15 core calculations used as'sembly exposures calculated
from the Cycle 14 burnup of 14,267 t6ID/MTU.

3.5.2.2.2 Design Bases

For each c cle the uy , e nuclear design bases are very similar to those for the

example Cycle 15 core as follows:

1. At core full ower 3250p , MVt (not including pump heat:), nuclear peaking

factors of 2.15 and 1.55 for1.55 for F< and F<H respectively, vill not be

'xceeded.In additiotion, at any relative power level F (0.0 ( P < 1.0 ),
F0 and PAH shall not exceed the bases of the plant control and

protection system.

2. The moderator temperature coefficient at operating conditions greater
than 70X owep er level xs a ramp function limited to +5.0 pcm/ F at 70X

0
power and 0.0 pcm/ F at 100X power. Below 70X power level, the„

moderator temperature coefficient shall be less than +5.0 pcm/ F.
C

3. Pith thhe most reactive control rod stuck out f tho e core, the remaining

control rods shall be able to shut the reactor down by a sufficient
reactivity to reduce the consequences of any credible accident to

acceptable levels.

The effects of all accident situations in C 1 15 illbyc e w e acceptable

and compatible with, the safety bases of the Final Safety Analysis

Report (FSAK), as specified in Reference 7.
I

5. The fuel loading specified shall be capable of generating approximately

15520 MWD/LKtJ at normal full power operating conditions during

Cycle 15.
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3.5.2.2.3 Design Description and Results

Each cycle's reactor core consists of 193 W OFA assemblies, each having a

15x15 fuel rod array. A description of the W OFAs is given in Section

3.5.1.

As an example., the Cycle 15 loading pattern is given in Figure 3.5.2-1 which

shows the region number, sources, and the burnable absorber configuration.
The core consists of 32 fresh w OFAs with an average enrichment of 3.117 w/o

U-235, 52 fresh OFAs with an average enrichment of 3.612 w/o, 80 once burnt
OFA assemblies, and 29 twice burnt OFA assemblies. A low leakage loading
pattern was developed which results in the scatter-loading of the fresh OFAs

throughout the interior of the core. 4304 new ZFBA rods and 120 wet annular
burnable absorbers (WABA) are present in a number of OFAs to control power

peaking and MTC. The IFBA rods contain approximately 0.0018 gm/in of B-10.

Pertinent fuel assembly parameters for the Cycle 15 fuel are given in Tables

3.5.1-1 and 3.5.2-1.

Ph i s h ra ri i
a

The neutronics characteristics of a reactor core with W OFA fuel are

presented in Table 3.5.2-2. These reactivity coefficients'are bounded by

the coefficients used in the safety analysis. For an example cycle length,
Cycle 15 was projected to be 15,520 MWD/MTU at a core power of 3,250 MWt

with - 9 ppm soluble boron remaining.

P wer Di ribution Consi ra ions

Figure 3.5.2-2 shows the K(Z) function (fuel height limit for normalized

F (Z)). Each cycle's core loading satisfies the envelope shown in Figure
3.5.2-2.
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TABLE 3.5.2-1

FUEL ASSEMBLY DESZGN PARAMETERS

COOK NUCLEAR PLANT UNiT 1 - CYCLE 15

~ece ion

Enrichment (w/o of U 235)

Density (percent theoretical)"
Number of Assemblies

15 15 16 17

3.099 3.609 3.110 3.513 3.117

22 31 32

95. 486 95. 378 95. 521 95. 418 95.451 ~

17

3.612

95.451

52

Burnup at Beginning of Cycle 15
(MWD/MTU)--

Approximate Burnup at End of Cycle
14 (MWD.MTU)*""

26301 34533

37715 48408

17037 17166

30012 31687 17604 19121

All values are as-built.

"* Based upon actual EOC 14 burnup of 14267 MWD/MTU

""" Assumes EOC burnup of 15520 MWD/MTU
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TABLE 3.5.2-2

KINETICS CHARACTERISTICS
COOK NUCLEAR PLANT UNIT 1 WITH M OFA FUEL

I

Most Positive Moderator
Temperature Coefficient (pcm/ F)~

Doppler Temperature Coefficient (pcm/ F)

Least Negative Doppler - Only
Power Coefficient, Zero to
Full Power (pcm/X power)

Most Negative Doppler - Only
Power Coefficient, Zero to
Full Power (pcm/X power)

Delayed Neutron Fraction.,
P ff (X)

(X) minimum
(5M rod ejection only)

Maximum Differential Rod cnorth
of Two Banks Moving Together.
at HZP (pcm/sec)~

+5,0 < 70X RTP* linear ramp to 0.0
from 70 to 100X RTP

-0.9 to -3.2

-9 '5 to -6.17

-19.4 to -12.90

0.40 to 0.70

) 0.5

( 75

*RTP - Rated Therma) Power
~1 pcm - 1.0 x 10 hp
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3.5.3 Thermal and Hydraulic Design

Introduction

This section describes the thermal and hydraulic design of Cook Nuclear

Plant Unit 1 core with Westinghouse Optimized Fuel Assemblies (OFA)

The thermal hydraulic design of the core, is conservatively analyzed at 3413

NNt core power with a 578.7'F vessel average temperature. Example Cycle 15

was operated at a licensed power of 3250 MWt with a nominal vessel average

temperature of 553'F. The analyses employed the Improved Thermal Design

Procedure (ITDP) and THINC IV 'omputer code. The WRB-1 DNB
(1) (2,3) (4)

correlation was used in the Westinghouse 15x15 OFA analyses. Vessel

temperature was increased to 556'F in Cycle 16.

~ummarr

The design method employed to meet the DNB design basis is the ITDP. (1)

Uncertainties in plant operating parameters, nuclear and thermal parameters,
and fuel fabrication parameters are considered statistically, such

that'here

is at least a 95 percent probability that the minimum DNBR will be

greater than or equal to the limit DNBR for the peak power rod. Plant
parameter uncertainties are used to determine the plant DNBR uncertainty.
This DNBR uncertainty, combined with the DNBR limit, establishes a design
DNBR value which must be met in plant safety analyses. Since the parameter

uncertainties are considered in determining the design DNBR value, the plant
safety analyses are performed using values of input parameters without
uncertainties. In addition, the limit DNBR values are increased to values
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I
designated as the safety analysis limit DNBRs. The plant allowance
available between the safety analysis limit DNBR values and the design limit
DNBR values is not required to meet the design basis.

Zn this application, the WRB-1 DNB correlation is employed in the thermal
*

(4)

hydraulic design of the Westinghouse 15x15 OFA fuel. Due to an improvement
in the accuracy of the critical heat flux prediction with the WRB-1

correlation compared to previous DNB correlations, a correlation limit DNBR

of 1.17 is applicable.

The table below shows the relationships which exist between the correlation
limit DNBR, design limit DNBR, and the safety analysis limit DNBR values
used for this design, using the Westinghouse Zmproved Thermal Design
Proceduze (ZTDP) (1)

Typical Thimble

Correlation Limit
Design Limit
Safety Analyses Limit

1. 17

1.33

1.45

l. 17

1 32

1.45

h

For events where conditions fall outside the range of applicability of the
WRB-1 correlation, the W-3 (5. 6) cozrelation is used.

The margin to the safety analysis DNBR limit is more than sufficient to
cover the maximum rod bow penalty at full flow conditions (7)
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defects, the high resistance of u an'um dioxide to atcack by water protects
against fuel deterioration although limited fuel erosion can occur. As has

been shown by operating experience and extensive experimental work, the

thermal design paramecers conservatively account for changes in the thermal

performance of the fuel elements due'to pellec fracture which may occur

during power operation. The consequences of defects in the clad are greatly
reduced by the ability of uranium dioxide to retain fission products

including chose which are gaseous or highly volatile. Observations from

several operaCing Westinghouse PWR's 'as shown that fuel pellets can<2,4)
r

densify under irradiation to a density higher than the manufactured values.
Fuel densification and subsequenc settling of the fuel pellets could result
in local and distributed gaps in che fuel rods.

An extensive analytical and experimental effort has been conducted by
(2.4)Westinghouse 'o characterize the fuel densification phenomenon. Fuel

densification during the manufaccuring process is approximately 95.3 percenc

theoretical fuel density. "

The effects of fuel densification have been taken into account in the nuclear
and thermal hydraul'c'esign of the reactor described in Sections 3.3 and

3.4, respectively.

Mecallographic examination of irradiated commercial fuel rods have shown

occurrences of fuel/clad chemical interaction. Reaction layers of < 1 mil in
thickness have been observed between fuel and clad ac limited points around

che circumference. Wescinghouse metallographic daca indicates that this
incerface layer remains very chin even at high burnup. Thus, there is no

indication of propagation of the layer and eventual clad penetration.

Stress corrosion cracking is another postulated phenomenon related to
fuel/clad chemical interaccion. Out of pile tests have shown that in the

presence of high clad tensile stresses, large concentrations of iodine can

chemically attack che Zircaloy tubing and can lead to eventual clad cracking.
Westinghouse has no inpile evidence chat this mechanism. is operative in
commercial fuel.
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aterials - Stren th Considerations

One factor in fuel element duty is potential mechanical interaction of fuel
and clad. This fuel/clad interaction produces cyclic stresses and strains in
the clad, and these in turn consume clad fatigue lifetime.

The reduction of fuel/clad interaction is therefore a goal of design. In
order to achieve this goal and to enhance the cyclic operational capability
of the fuel rod, the technology for using pre-pressurized fuel rods in
Westinghouse PWR's has been developed.

Initially the gap between the fuel and clad is sufficient to prevent hard
contact between the two. However, during power operation a gradual
compressive creep of the clad onto the fuel pellet occurs 'due to the external
pressure exerted on the rod by the coolant. Clad compressive creep

eventually results in the fuel/clad contact. During this period of fuel/clad
'ontact, changes in power level could result in changes in clad stresses and

strains. By using pre-pressurized fuel rods to partially offset the effect
of the coolant external pressure, the rate of clad creep toward the surface
of the fuel is reduced. Fuel rod 'pre-pressurization delays the time at which

fuel/clad interaction and contact occur and hence significantly reduces the

number and extent of cyclic stresses and strains experienced by, the clad both

before and after fuel/clad contact. These factors result in an increase in
the fatigue life margin of the clad and lead to greater clad reliability. If
gaps should form in the fuel stacks, clad flattening will be prevented by the

rod pre-pressurization so that the flattening time will be greater than the

fuel's core life.

A two dimensional (r,h) finite element model has been established to
investigate the effects of radial pellet cracks on stress concentrations in
the clad. Stress concentration, herein, is defined as the difference between

the maximum clad stress in the h-direction and the mean clad stress. The

first case has the fuel and clad in mechanical equilibrium and as a result
the stress in the clad are close to zero. In subsequent cases the pellet
power is increased in steps and the resulcant fuel thermal expansion imposes
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Fuel burnup is a measure of fuel depletion which represents the integrated

energy output of the fuel (MUD/NTU) and is a convenient means fmeans or quantifying
fuel exposure criteria.

/

The core design lifetime or design discharge burnup is 'hi d b iac eve y ns tailing
sufficient initial excess reactivity in each fueL region and by following a

fuel replacement program (such as that described in Section 3.3.2) that meets

all safety-related criteria in each cycle of operation.

Initial excess reactivity installed in the fuel, although not a design

basis, must be sufficient to maintain core criticality at full power
/~

operat'ng conditions throughout'ycle life with equilibrium xenonX

samarium, and other fission products present. The end of design cycle
life is defined toined to occur'hen the chemical shim concentration is
essentially zero with control rods present t th des '

e egree necessary for
operational requirements (e.g., the controlling band at the "bite" position).
In terms of chemical shimtm boron concentration this represents approximately
10 ppm with no control rod insertion.

A limitation on initial installed excess reactivity is not required other
than as is uantified in terms of other design bases such as core negative
reactivity feedback and shutdown margin discussed below.

3.3.1.2 eedba (Reactivity Coefficient)

The fuel temperature coefficient is negative and the moderator temperature
coefficient of reactir activity is non-positive for power operation at LOOX RTP,

thereb rovidiy p ng negative reactivity feedback characteristics. The design
basis meets GDC-LL.

s 'uss 0

@hen compensation for a rapid
I

~~

two major ef=ects. These are
UNIT 2

increase in reactivi-g Es considered, there are

the resonance absorption ef=ects (Doppler)
3 ~ 3 3 July L99L



associated with changing fuel temperature and the soect um effect resulting
from changing moderator density. These basic physics characteristics are

often identified by reactivity coefficients. The use of slightly enriched

uranium ensures that the Doppler coefficient of reactivity is negat've. ,This

coefficient provides the most rapid reactivity compensation. The core is
also designed to have an overall non-positive moderator temperature

coefficient of reactivity at full power so that average coolant temperature

or void content provides another, slower compensatory effect. Full power

operation is permitted only in a range of overall non-positive moderator

temperature coefficient. The non-positive moderator temperature coefficient
can be achieved through use of fixed burnable aosorber, integral fuel
burnable absorbers and/or control rods by limiting the reactivity held down

by soluble boron.

Burnable absorber content (quantity and distribution) is not stated as a

design basis other than as it relates to accomplishment of a non-positive
moderator temperature coef f icient, at power operating conditions discussed
above.

3.3.1.3 n r l of wer Dis ributi n

Basis

The nuclear design basis is thar, with at least a 95 percent confidence

leve':

The fuel is not to be operated at greater than 12.9 Kw/ft under normal

operating conditions including an allowance of 2 percent for
calorimetric error and not including power spike factor due to
densification.

2. Under abnormal, conditions including the maximum overpower

condition, the fuel peak power dc s not cause melting as defined

in Section 3.4.1.2.
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is so great that, this excitation is highly improbable. Convergent alai th 1

oscillatons can be excited by prohibited motion of individual control rods
Such oacillations are readily observable and alarmed in tharm , us g t e excore long
ion chambers. Zndications are also available from incore thermocouples and

loop temperature measurements. saveable incore detectors can be activated to
provide more detailed information. In all presently proposed cores these
horizontal plane oscillations are self&amping by virtue of reactivity
feedback effects designed into the core.

However, axial xenon spatial power oscillatons may occur late'n core life.
The control banks and excore detectors are provided for control and

monitoring of axial power distributions. Assurance that fuel design limits
are not exceeded is provided by- reactor Overpower dT and Overtemperature dT

trip functions which use the measured axial power imbalance as an input.

3.3.1.7 nt c'ed Tr sients Without Scram

En the Code of Federal Regulations, 10 CFR S0.62(c) (1) requizes that each

pressurized water reactor have iquipment, from sensor output to final
actuation device, that is diverse from the reactor trip system, to
automatically initiate the auxiliary feedwater system and initio a turbine
trip under conditions indicative of an anticipated transient without scram

(ASS). Such a syst: em has been installed at Cook Nuclear Plant, having been

designed in accordance with Reference 1. This system is called "ATRS

Mitigating System Actuation Circuitry" (AHSAC) . This ecgxipment will protect
against. reactor coolant system overpressurisation in the event that a loss of
normal feedwater or a loss of- load transient is not accompanied by a reactor
trip after having reached the reactor trip setpoint.

3 3.2 DESCRIPTION

July, 19933.3-9

The ma)ority of the information in this subsection refers to the Cycle 8

reload design. Cycle 8 is selected as the example of current reload design

practice when reloading the core with the Westinghouse Vantage S 1? x 17 fuel

~~

assembly design. Additional information on Cycle 8 may be found in Reference

23.
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3.3.2.1 Nuclear Design Descri tio

The reactor core consists of a spec'fied number of fuel rods which are held
in bundles by spacer grids attached to rod cluster control thimbles which are
held in turn by top and bottom fittings. The fuel rods are constructed of
Zircaloy cylindrical tubes containing UO fuel pellets. The bundles, known

as fuel assemblies, are arranged in a pattern which approximates a right
circular cylinder.

Each fuel,assembly contains a 17 x 17 rod array composed of 264 fuel rods, 2c

rod cluster control thimbles and an incore instrumentation thimble. Figure
3.2-1 shows a cross sectional view of a 17 x 17 Westinghouse fuel assembly
and the related rod cluster control locations. Further details of the fuel
assembly are given in Section 3.2. 1.

Starting with Cycle 8, fresh fuel has axial zoning of uranium enrichment;
/

however, the enrichment in the radial direction of an assembly is still
maintained at a consistent enrichment. Generally, axial zoning consists of
loading the top and bottom six (6) inches of the fuel with natural uranium.
Blankets, as the natural uranium regions are referred to, reduce the axial
neutron leakage, thereby contributing to better fuel utilization. Figure
3.3-1 shows the axial zoning of the fuel and the axial placement of the
integral fuel burnable absorber (XFBA) coated fuel pellets. The reference
reloading pattern is similar to th example in Figure 3.3-2. The loading of
fresh fuel in the interior of the core decreases the radial neutron leakage
by reducing the power produced on the core periphery. This type of reload
pattern increases the fuel utilization and is referred to as a low leakage
loading pattern.

Each cycle will operate for approximately c76 EFPD (which is equal to an 18

month cycle at 95% capacity factor with a 45 day refueling outage) . The

exact reloading pattern, initial and f'nal positions of assemblies and the
number of fresh assemblies are dependent on the energy requirement for the
cycle and power histories of the orevious cycles.
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The core average enrichment is determined by the amount of fissionable
material required to provide the desired core lifetime and energy

requirements, namely a region average discharge burnup of 48,000 MWD/MTU.

The physics of the burnup process are such that operation of the reactor
depletes the amount of fuel available due to the absorption of neutrons by
the U-235 atoms and their subsequent fission. The rate of U-235 depletion is
directly proportional to the po~er level at which the reactor is operated.

In addition, the f'ssion process results in the formation of fission
products, some of which readily absorb neutrons.

These effects, depletion and the buildup of fission products, are partially
offset by the buildup of plutonium shown in Figure 3.3-3 for the 17 x 17 fuel
assembly, which occurs due to the nonfission absorption of neutrons in U-238.

Therefore, at the beginning of any cycle a reactivity reserve equal to the
depletion of the fissionable fuel and the buildup of fission product poisons
over the specified cycle life must be "built" into the reactor. This excess

reactivity is controlled by removable n utron absorbing material in the form

of boron dissolved in the primary coolant and IFBA coating on fuel pellets.

The concentration of boric acid in the pr'mary coolant is varied to provide
control and to compensate for long term r activity requirements. The

concentration of the soluble neutron absorber is varied to compensate for
reactivity changes due to fuel burnup, fission product, poisoning including
xenon and samarium, burnable absorber depletion, and the cold-to-operating
moderator temperature change. The normal and emergency boration paths of the

chemical and volume control system (CVCS) are each capable of inserting
negative reactivity at a rate in excess of the peak xenon burnout rate. The

rate of boration, with a single boric acid transfer pump operating, is
sufficient to take the reactor from full power operation to 1 percent

shutdown in the hot condition, with no rods inserted, in less than 90

minutes.
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In less than 90 additional minutes, enough boric acid can be injected to

compensate for xenon decay, although xenon decay below the equilibrium
operating level will not begin until a'pproximately 25 hours after shutdown

Additional boric acid is employed if it is desired to bring'he reactor to
cold shutdown conditions. Rapid transient reactivity requirements and safety
shutdown requirements are met with control rods.

As the boron concentration is increased, the moderator temperature

coefficient becomes less negative. The use of a solubl i 1so u e po son alone could
result in the MTC exceeding, the Technical Specifications limit. Therefore I

IFBA coated fuel pellets are used to reduce the 1 bl be so u e oron concentration
sufficiently to ensure that the MTC is negative for full power operating
conditions, and within safety limits for part power operating conditions.
IFBA pins contain enriched uraniuh pellets with thi ia n coat ng of ZrB2 on the
fuel pellet's cylindrical surface. During operation, the burnable absorber
content xn the IFBA coating is depleted thus adding positive reactivity to
offset some of the negative reactivity from fuel depletion and fission
product buildup. The depletion rate of the IFBA coating is not critical
since chemical shim is always available and flexible enough to cover any

possible deviations in the expected IFBA depletion rates. The IFBA coating
is thin enough (approx. 0.6 mil) to not cause significant increases in
resistance to heat conduction.

f

In addition to reactivity control and axial power shaping, the IFBA pins are

strategically located to provide a favorable radial power distribution.
Figure 3.3-4 shows example absorber distributions within a fuel assembly for
several example IFBA configurations used in a 17 x 17 array. An example,

IFBA core loading pattern is shown in Figure 3.3-5. Figure 3.3-6 is a graph
of an example core depletion with IFBA coated fuel pellets.

Tables 3.3-1 through 3.3-3 contain a summary of the reactor core design
parameters for an example fuel cycle, including reactivity coefficients
delayed neutron fraction and neutron lifetimes. Sufficient information is
included to permit an independent calculation of the nuclear performance

characteristics of the core.
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Act've Cor

TABLE 3.3-a
REACTOR CORE DESCRIPTION

Equivalent Diameter, in
Active Fuel Height, F'st Core, in
Height-to-Diameter Ratio
Total Cross Section Area, ft2

H 0/U Molecular Ratio, lattice (Cold)
Reflector Thickn ss and C m o ition

Top - Water plus Steel, in
Bottom - Water plus Steel, in
Side - Water pius Steel, in

Fuel Assembli s

Number
Rod Array
Rods per Assembly
Rod Pitch, in
Overall Transverse Dimensions, in
Fuel Weight (as UO ), lb - per assembly
Zi rcaloy Weight, lb - per assembly
Number of Grids per Assembly

Composition of Grids

Weight of Grids (Effective in Core),
lb -'er assembly

132.7
144.0
1. 09,

96.06
2.73

10

10

as

193

17 x 17

254

0. 496

8.426 x 8.426
1058

206
2-R
6-Z
3-IFM
1-P
R-Inconel 718
Z-Zircaloy 4

IFM - Zircaloy 4
P-Debris Resistent

Incone) 718

20.79

0

Number of Guide Thimbles per Assembly

Composition of Guide Thimbles

Diameter of Guide Thimbles (upper part), in

Diameter of Guide Thimbles (lowe part), in

Diameter of Instrument Guide Thimbles, in

24

Zircaloy 4

0.442 I.D. x

0.474 O.D.

0.397 I.D. x

0.430 O.D.

0.440 I.D. x

0.476 O.D.
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~sel Rods

TABLE 3.3-1 (Continued)

REACTOR CORE DESCRIPTION

Number

Outside Diameter, in
Diameter Gap, in
Clad Thickness, in
Clad Material

Fuel Pellets
Material
Density (percent of Theoretical)
Maximum Fuel Enrichments w/o

Diameter, in
Length, in

50, 952

0.360

0.0062

0.0225

Zircaloy-4

UO2 Sintered
95.3

4.95

0.3088

0.370 Enriched
0.462 Axial Blanket

Mass of UO per Foot of Fuel Rod, 1b/ft
R d Cluster C n rol Assemblies

Neutron Absorber

Composition

Diameter, in
Density, lb/in3

Cladding Material

Clad Thickness, in
Number of Clusters

Full Length

Part Length

Number of Absorber Rods per cluster
Full Length Assembly weight (dry), lb

0. 349

Ag-ln-C9
4

80<, 15%, 5%

0.341

0.367

Type 304, Cold Worked

Stainless Steel
0.0185

53

1.57
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TABLE 3.3-1 (Continued)

REACTOR CORE DE CRTPT1'ON

Fxc ss Reac ivit
Maximum:uel Assembly k (Cold=, Clean,

unborated Water)

Maximum Core React.ivity (Cold, Zero ?ower

Beginning of Cycle),

1.476

1.224

ante 1 Fuel B rnable sorb r
Number

Material
Coating Thickness, mil
Boron 10 loading, mg/in

-8100

ZrB2

-0.2
2.25
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S. Eff ct f Rod Bow on DNBR

The phenomenon of fuel rod bowing must be accounted for in the DNBR

safety analysis of Condition I and Condition II events . A portion(45)

of the margin resulting from the difference between the design and

safety analysis limit DNBRs is used to counteract the rod bow

penalties.

The maximum rod bow penalties (< 1.3%) accounted for in the design
safety analysis are based„ on an assembly average burnup of 24,000

MWD/MTU. At burnups greater than 24,000 MWD/MTU, credit is taken for
Nthe effect of F<H burndown, due to the decrease, in fissionable isotopes

and the buildup of fission product inventory, and no additional rod bow

penalty is required (46)

In the upper spans of the Vantage 5 fuel assembly, additional restraint
is provided with the intermediate flow mixer (IFM) grids such that the
grid-to-grid spacing in those spans with IFM grids is app oximately 10

inches compared to approximately 20 inches in the other spans. Using

the.NRC approved scaling factor results in predicted channel closure in
the limiting 10 inch spans of less than 50% closure. Therefore, no rod

bow DNBR penalty is required in the 10 inch spans in the Vantage 5

safety analyses.
f
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3.4.2.4 Flux Tilt nsid rations

Significant quadrant power tilts are not anticipated during normal operation
since this phenomenon 's caused by some asymmetric perturbation. A dropped
or misaligned RCCA could cause changes in hot channel factors; however,
these events are analyzed separately in Chapter 14; Thi.s discussion will be
confined to flux tilts caused by x-y xenon transients, in'et temperature
mismatches, enrichment variations within tolerances and so forth.„
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It is assumed that the spray valve opens to admit spray water into the

pressurizer once, at the design flowrate, for each design step change

in plant load. Thus the number of occurrences for the spray nozzle

corresponds to that shown for the other components in Table 4.1-10.

During plant cooldown, spray water is introduced into the

pressurizer to cool it down. The maximum pressurizer cooldown rate is
0specified at 200 F per hour which is twice the rate specified for the

other Reactor Coolant System components.

12. Accident Conditions

'fhe effect oj the accident loading was evaluated in combination with
normal loads to demopstrate the adequacy to meet the stated plant
safety criteria.

A brief description of each accident transient considered follows. In
each case one occurrence is evaluated.

a. Reactor Coolant Pi e Break

This accident involves the rupture of a Reactor Coolant

System pipe resulting in a loss of primary coolant. It was

conservatively assumed that the system pressure and temperature
would be reduced rapidly and that the Safety Injection System

would be initiated to introduce 70 F (30 F for Unit 2) water into0 0

the Reactor Coolant System. The safety injection signal will also
result in a turbine and reactor trip. Because of the rapid

I
blowdown of coo)ant from the system and the comparatively large
heat capacity of the metal sections of the components, it is
likely that the metal is still at no-load temperature conditions

0 0
when the 70 F (30 F for Unit 2) safety injection water. is
introduced into the system.
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b. St am Line Br k

For component evaluation, the following conservative
conditions were considered:

(1) The reactor is initially in a hot, no-load, just critical
condition, assuming all rods in except the most reactive rod

which is assumed'o be stuck in its fully withdrawn position.

(2) A steam line break occurs inside the containment, resulting in
a reactor and turbine trip.

(3) Subsequent to the break, "here is no return to power and the
reactor coolant temperature cools down to 212 F.

(4) The centrifugal charging pumps restore the reactor coolant
pressure to 2500 psia.

I

The above conditions result in the most severe temperature and

pressure variations which the component will encounter dur'ng a

steam break accident.

c, Ste m n r or Tub Ruot re

This accident postulates the double-ended rupture of a steam

generator tube resulting in a decrease in pressurizer level and,

reactor coolant pressure. Reactor trip will occur due to a safety
injection signal on low pressurizer pressure. When the accident

occurs, some of the reactor coolant blows down into the affected
steam generator causing the level to rise. Xf the level rises to
a pre-selected setpoint, a high level alarm will occur and the

feedwater regulating valve wilL close.
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It is expected this accident will result in a transient which is
(

no more severe than that associated with a reactor trip. For this
reason,,it requires no special treatment in so far as fatigue
evaluation is concerned. Further detail about the sequence of
events may be found in Section 14.2.4 (Units 1 and 2).

4.1.5 SERVICE LIFE

The service life of the Reactor Coolant System pressure containing
"components depends upon the end-of-life material radiation damage, unit
operational thermal cycles, design and manufacturing quality standards,
environmental protection, maintenance standards and adherence to established
operating and maintenance procedures.

The reactor vessel is the only component of the Reactor Coolant System which

is exposed to a significant level of neutron irradiation and therefore it is
the only component which is subject to material radiation damage effects.

The NDTT shift of the vessel material and welds during service due to
radiation damage effects is monitored by a radiation damage surveillance
program. Details are given in Sub-Chapter 4.5.

Reactor vessel design was based on the transition temperature method of
evaluating the possibility of brittle fracture of the vessel material as a

result of operation.

To establish the service life of the Reactor Coolant System components

as required by the ASME (Section III) Boiler and Pressure Vessel Code for
"A" vessels, unit operating conditions have been established

4.1-23 July, 1997



for the 40 year design life. These operating conditions include the
cyclic application of pressure loadings and thermal transients.

The number of thermal and loading cycles used for design purposes is
listed in Table 4. 1-10.

4. 1;6 CODES AND CLASSIFICATIONS

Pressure-containing components of the Reactor Coolant System were

designed, fabricated," inspected and tested in conformance with the

applicable codes liqted in Table 4.1-12. Refer to SubChapter 4.5 for
a discussion of Inservice Inspection.

Reactor Coolant System piping has been designed and supported in
accordance with the USAS B31. 1-1967 Code for Pressure Piping. The Code

requirement that the piping shall be arranged and'supported with consid-
eration of vibration was met by means of variable spring hangers, rigid
supports, constant support hangers, pipe anchors, guides and snubbers.

The Code does not specifically require any vibrational test programs.

However, during the normal course of the preoperational test program,

specific attention was directed at evaluating possible vibration
problems during performance of specific transients associated with the

required preoperational tests. Excessive vibrations or deficiencies,
determined by visual examinations, which were indicative of possible
vibration problems, were investigated and corrected when necessary.

This was done to verify that the piping and piping restraints within
the Reactor Coolant System pressure boundary were adequately designed

to withstand dynamic effects resulting from transient conditions.
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TABLE 4.1-1

YSTEM DE IGN AND OPERATING PARAMETERS

Plant design life, years

Number of, heat transfer loops

Design pressure, psig
Nominal operating pressure, psig

40

2485

2085 (un't 1)/2235 (unit 2)

Total system volume including pressurizer
and surge line (ambient conditions) *», ft (estimated)3

System liquid volume, including pressurizer
and surge line (ambient conditions) "", ft 3

System liquid volume, including pressurizer
max. guaranteed power* , ft (estimated)3

Total Reactor heat output (3.00% power) Btu/hr

12,500

11,892

11,891

11,089 x 10 (Unit 1)
6

(3250 MWt)

11,641 x 10 (Unit 2)
6

(3411 MNt)

Bounding Conditions
for Rerating
Lower/Upper

~Un i 2

Reactor vessel coolant temperature

at full power:
0Inlet, nominal, F

0Outlet, nominal, F

Coolant temperature rise in vessel

at full power, avg., F
0

Total coolant flow rate, lb/hr x 10
6

Steam pressure at full power, psia
Steam Temp. 8 full power, F

0

Total Reactor Coolant Volume at
ambient conditions" *, ft 3

514.9/545.2

579.1/607.5

64.2/62.3
139.0/133.9

618/820

489.4/521.1

12,438

541. 3

606.4

64.8

134. 6

820

521.1

12,470
«» These values are subject to change due ro tube plugging
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TABLE 4.1-2

REACTOR COOLANT Y TEM DESIGN PRES URE SETTINGS

Design Pressure

Operating Pressure

Safety Valves

Power Relief Valves*

Pressurizer Spray Valves (Begin to Open)

Pressurizer Spray Valves (Full Open)

Pressurizer Pressure High - Reactor Trip
High Pressure Alarm

Pressurizer Pressure Low - Reactor Trip
Low Pressure Alarm

Pressurizer Pressure Low - Safety Injection
Hydrostatic Test Pressure

Backup Heaters On

P oportional Heaters (Begin to Operate)
Proportional Heaters (Full Operation)

Pressur

~Un i
2485

2085

2485

2335

2260

2310

2378

2310

1865

2135

1815

3106

2185

2250

2220

si
" U~ni 2

2485

2235

2485

2335

2260

2310

2378

2310

1950

2135

1900

3106

2185

2250

2220

During Start-up and Shut-down when the Reactor Coolant System temperature is
below 2664F for Unit 1 and 300'F for Unit 2, a safeguard circuit is manually
switched on which allows opening of that Unit's two Power Relief Valves at <435

psig for Unit 1 and <435 psig for Unit 2 for low temperature overpressure
protection (LTOP) of the Reactor Vessel. This safeguard circuit ensures that
the reactor pressure remains below the ASME Section III, Appendix G "Protection
Against Non-ductile Failure" limits in the case of an,LTOP event.
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TABLE 4.1-3
REACTOR VESSEL DESIGN DATA

Design Pressure, psig
Operating Pressure, psig
Hydrostatl'c Test Pressure, psig
Design Temperature, F

0

Overall Height of Vessel and Closure Head, ft-in.
(Bottom Head O.D. to top of Control Rod Mechanism

Adapter)

Thickness of Insulation, min., in.
Number of Reactor Closure Head Studs
Diameter of Reactor Closure Head Studs, in.
ID of Flange, in.
OD of Flange, in.
ID at Shell, in.
Inlet Nozzle ID, in.
Outlet Nozzle ID, in.
Clad Thickness, min., in.
Lower Head Thickness, min., in. (base metal)
Vessel Belt-Line Thickness, min., in. (base metal)
'Closure Head Thickness, in.

2485

2085 (unit 1) /2235 (unit 2)

3107

650

43-9 11/16 (Unit 1)

43-10 (Unit 2)

54

172 1/2

205

173

27 1/2

29

5/32

5-3/8

8 1/2

6 1/2

anni 2

Bounding Conditions
for Rerating
Lower/Upper

~nit 2

Reactor Coolant Inlet Temperature, F
0 514.9/545.2

Reactor Coolant Outlet Temperature, F
0 579.1/607.5

Reactor Coolant Flow, lb/hr x 10
6 139.0/133.9

Total Water Volume Below Core, ft3

Water Volume in Active Core Region, ft3

Total Water Volume to Top of Core, ft3

Total Water Volume to Coolant Piping Nozzles Centerline, ft3

Total Reactor Vessel Water Volume (with core
and internals in place), ft (estimated)3

4.1-27

1050

665

2352

2959

4848

541.27

606.35

134.6
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PRES URIZER AND PRESS RIZER RELIEF TANK DE IGN DATA

Design Pressure, psig
Operating Pressure, psig
Hydrostatic Test Pressure (cold), psig

0Design/Operating Temperature, F

Water Volume, Full Power*, ft3

Steam Volume, Full Power, ft3

Total Internal Volume, ft3

Surge Line Nozzle Diameter, in.
Shell ID, in.
Electric Heater Capacity, kW

Heatup rate of Pressurizer, F/hro

Start-up Water Solid, F/hr0

Hot Standby Condition, F/hr0

Design Spray Rate for Valves Full Open, gpm

Continuous Spray Rate, gpm

Pr surizer Reli f T nk

Design Pressure, psig
Rupture„Disc Release Pressure, psig

0Design Temperature, F

Normal Water Temperature, F
0

Normal Operating Pressure, psig
Normal Water Volume, ft3

Normal Gas Volume, ft3

Cooling time required following design

maximum discharge, hr.
Number of spray nozzles

Total Spray Flow, gpm

Total Volume, ft3

Total Rupture Disc Relief Capacity, saturated
\

steam. lb/hr
At current rating conditions

4. 1-28

, 2485

2085 (unit 1) /2235 (unit 2)

3106

680/653

858 (Unit 1) - 974 (Unit 2)

973 (Unit 1) - 826 (Unit 2)

1831
I

14

84

1685 (unit 1)/1523 (unit 2)

55 (approx. )

40

~ 70

800

100

1.OO

340

Containment Ambient

(120 F Max.)0

1430

370

Approx. 1

150

1800

1.6 x 10
6
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Number of Steam Generators

TABLE 4.1-5
STEAM GENERATOR DE IGN DATA» Unit 1 Unit 2

Design Pressure, Reactor Coolant/Steam, psig
Reactor Coolant Hydrostatic Test Pressure

2485/1085 2485/1085

(tube side-cold), psig
Design temperature, Reactor Coolant/Steam, F

Reactor Coolant Flow, lb/hr
Total Heat Transfer Surface Area, ft2

Rated Thermal Output/MWt)

Operating Parameters at 100~ Load

Primary Side:

Heat Transfer Rate (per unit), Btu/hr
Coolant Inlet Temperature, F

0

Coolant Outlet Temperature, F
0

Flow Rate, (per unit), lb/hr
Pressure loss, psi

Secondary Side:

Steam Temperature at full power, F
0

Steam Flow, lb/hr
Steam Pressure at full power, psia
Maximum moisture carryover, wt %

Feedwater Temperature „at No. 6 Heater

3107

65o/6oo

33.9 x 10
6

51,500

812. 5

2773 x 10
6

582.8

520.0

33.9 x 10
6

31.4

502.0

3.55 x 10
6

692

0.15

436. 5

3107

650/600

33.7 x 10
6

54,500

852.75

2910 x 10
6

606.4

541.3

33.7 x 10
6

26.1

521. 1

3.685 x 10
6

820

0. 15

431.3
Outlet

2 0Fouling Factor,. hr-ft - F/Btu
Overall Height, ft-in.
Shell OD, upper/lower, in.
Number of U-tubes

U-tube outer Diameter, in.
Tube Wall Thickness, (minimum), in.
Number of manways/ID, in.
Number of handholes/ID, in.
Number of inspection ports/ID, in.

0.0002

67-8

0.,00005

67-8

3388

0.875

0.050

4/16

2/6

3592

0.875

0.050

4/16

6/6

2/4

17M.75/135 175.9/135

Quantities are for each steam generator
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TABLE 4.1-"5 (cont'd.)

STEAM ENERAT R DESIGN DATA*

Unio 2

Reactor Coolant Water Volume*", ft3

Primary Side Fluid Heat Content, Btu

Secondary Side Water Volume, ft3

Secondary Side Steam Volume, ft3

Secondary Side Fluid Heat Content, Btu

~Ra ed Lo d

1080

28.7 x 10
6"

1837

4030

5.738 x 10
7

No Load

1080

27.7 x 10
6

3524

2344

9.628 x 10
7

~ni 2

Reactor Coolant Water Volume*~, ft3

Primary Side Fluid Heat Content, Btu

Secondary Side Water Volume, ft3

Secondary Side Steam Volume, ft 3

Secondary Side Fluid Heat Content, Btu

1112

29.0 x 10
6

2077

3589

5.18 x 10
7

1112

28.46 x 10
6

3351

2315

8.44 x 10
7

*Quantities are for each steam generator
~* Values may change subject to steam generator tube plugging.
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TABLE 4.1-6

REA TOR COOLANT PUMPS DESIGN DATA+

Number of Pumps-

Pressure/Operating Pressure, psig
Hydrostatic Test Pressure (cold), psig
Design Temperature (casing), F

0

RPM at Nameplate"Rating
0Suction Temperature, F

Required net positive suction head, ft
Developed Head, ft
Capacity, gpm

Seal Water Injection, gpm

Seal Water Return, gpm

Pump Discharge Nozzle ID,. in.
Pump Suction Nozzle ID~ in.,

ft-in.Overall Unit Height,
3Water Volume, ft

Pump-Motor Moment of Inertia, lb.-ft2

Motor Data:

4 Design

2485/2235

3106

650

1189

536.3 (Unit 1); 541.27 (Unit 2)

170

277

88,500

27.5

31

27-0

56

82,000

Voltage

Insulation Class

Phase

Frequency, Hz

Starting
Current, amp

Input (hot reactor coolant), kw

Input (cold reactor coolant), kw

Power, "HP lnameplates)

Pump Weight, lb. (dry)

AC Squirrel Cage

Induction, Single Speed,
Water Cooled

4160 ~

60

4692

4337

5663

6000

175,200

"Quantities are for each pump
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TABLE 4.1-7

REACTOR OOLANT PIPING DE IGN PARAMETERS

Reactor inlet piping, ID, in.
Reactor inlet piping, nominal thickness, in.
Reactor outlet piping, ID, in.
Reactor outlet piping, nominal thickness, in.
Coolant pump suction piping, ID, in.
Coolant pump suction piping> nominal thickness, in.
Pressurizer surge line piping, ID, in.
Pressurizer surge line piping, nominal thickness, in.
Design pressure, psig

27.5

2.38

29

2.50

31

2.66

11.188

1.406

2485
Operating. Pressure, psig
Hydrostatic test pressure (cold), psig

0Design temperature, F

Design temperature (pressurizer surge line), F
0

2085 (unit 1)/2235 (unit 2)

3106

650

680
Design pressure, pressurizer relief line, psig
Design temperature, pressurizer relief lines, F

water volume (all 4 loops without surge line), f't, 3

3 4

Surge line volume, ft
1127.8

58.5

(1} From pressurizer to safety valve: 2485 psig, 650 F
0

From safety valve to pressurizer relief tank: 500 psig, 470 F
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Zndication of valve positaon for the pressure er safety and power-operated

relief valves is provided by a four channel acoustic flow monitor. There are

four accelerometers, one strapped to the discharge of each of the three

pressurizer safety valves and one on the common discharge of the three po~:er

relief valves. Flow through any of these valves produces an acoustic energy

input to the respective accelerometer and this is amplified on the assigned

channel of the monitor which is located in the control room. Indication on

four vertical rows of light emitting diodes represents a bar graph display of
relative flow through the monitored valves.

essu ze a V ves

The pressurizer safety valves are totally enclosed pop-type„valves. The

valves are spring-loaded, self-activated and with back-pressure compensation

designed to prevent system pressure from exceeding the design pressure by

more than llo percent, in accordance with the ASHE Boiler and Pressure Vessel

Cade, Section ZIZ The set pressure of the valves is 2485 psig.

The 6 i sp pe connecting the pressurizer nozzles to their respective safety
valves ars shaped in the form of a loop seal. Piping is connected to the
bottom of each loop seal to drain any condensate that accumulates in the loop
seal. An acoustic flow monitor and a temperature indicator on each valve
discus alertslerts the operator to the passage of steam due to leakage or valve
1ifting.
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Pow r Relief Valves

The pressurizer is equipped with 3 power-operated relief valves which limit
system pressure for a large power mismatch and thus lessen the likelihood of
an actuation of the fixed high-pressure reactor trip. The relief valves

operate automatically or by remote manual control. The original design for 3

pORVs was to provide 1004'oad rejection capability. Since the load

rejection capability has been reduced to 50%, the third PORV is now

considered an installed spare. The operation of these valves also limits the
undesirable operation of the spring-loaded safety valves. Remotely operated

stop valves are provided to isolate the power-operated relief valves. An

.acoustic flow monitor and a temperature indicator on the „common discharge of
the relief valves alerts the operator to the passage of steam due to leakage

or valve opening.

During startup and shutdown transient conditions, when" the reactor coolant
system, temperature is below 266'F for Unit 1 and 300'F for Unit 2, a

safeguard circuit is manually energized in the control room to allow
automatic opening of that unit's two power relief valves at 435 psig for Unit
1, and 435 psig for Unit 2, for low temperature over pressure (LTOP)

protection of the reactor vessel. This safeguard circuit ensures that the

reactor pressure remains below the ASME Section XXI, Appendix G "Protection
Against Nonductile Failure" limits in the case of an LTOP event.

Design parameters for the oressurizer spray control, safety, and power elie
valves are given in Table 4.1-8.

4.2.2.9 Rea r C lane S stem Su o ts

1. Steam Generator Support

Each steam generator is supported by a structural system consisting of
four vertical support columns and upper and lower lateral restraints
approximately 46K feet apart. The vertical columns have a ball joint
connection at each end to accommodate both the radial growth of the

steam generator itself and the radial movement of the vessel from the

reactor center.
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The lower lateral support consists of an inner frame, keyed and
shimmed to the four steam generator support Eeet to accommodate

radial growth of these feet. The inner frame is surrounded by
an outer frame which is embedded in both the primary shield and

crane wall concrete. The connection between the inner and outer
I

frame consists of a series of shimmec mints which act as both
guides and limit stops to allow for expansion from the center of
the reactor. The lower lateral support restrains both torsional
and translational movements.

The upper lateral support consists of a ring band which is shimmed

to the steam generator at twelve locations around the circumference.
Attached to this band are lugs 180'part which are shimmed and

guided to a structural framing system which is embedded in the
crane wall and steam generator enclosure wall concrete. Hydraulic
snubbers are also connected 180'part on the band and tied to
other embedded frames in a direction coincident with the direction
of movement away from the reactor center. The upper lateral
support restrains rapid translational movements in all horizontal
directions.

2. Reactor Vessel Supports

The reactor vessel is supported by four of its eight nozzles by

four individual weldmcnts embedded in the primary shield concrete.

Each nozzle pad bears on a shoe, that is supported by a heavy

U-shaped weldment which wraps around the shoe. The U-shaped weld-

ment is water-cooled at the )unction of the outer flange and the

web by two continuous welded angles on either side of the web.

The U-shaped weldment bears vertically on two shims and is res-

trained horizontally by a series of shims and bearing plates.

These bearing plates and shims are connected to an outer weldment

which completely surrounds the U-shaped weldment and is embedded

in the concrete.
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The reactor support system allows the reactor to expand radially from

its vertical centerline but resists rotational mot,ion in all orthogonal
planes. The nozzle horizontal centerlines translate in the vertical
direction relative to the shoes.

3. Pressurizer Support

The pressurizer is supported on a -ring girder which is in turn supported
on a concrete slab. Horizontally, the vessel is restrained at two

elevations approximately 27 feet apart.

The lower restraint consists of anchor bolts in slightly oversize holes

in the ring girder. The upper restraint consists of four individual
weldments embedded in concrete that allow the pressurizer to expand

radially, but resist torsional and translational horizontal movements.

4. Reactor Coolant Pump Support

Each reactor coolant pump is supported vertically by three ball joint
ended columns. This structural column system resists both overturning
and vertical movement while allowing for expansion from the center of
reactor. . Excessive torsional and horizontal translational movements are

resisted by a combination of lateral thrust columns anchored into the

crane wall concrete.

PRESSURE-RELIEVING DEVICES

The Reactor Coolant System is protected against overpressure by control and

protective circuits such as the high pressure trip-and by relief and safety
valves connected to the top head of the pressurizer. The relief and safety
valves are currently analyzed for steam discharge only. However, evaluations

have shown that the pressurizer will not become water solid before at least
10 minutes folloiwng a spurious Safety Injection or a feedline break. The

relief and safety valves discharge into 'the pressurizer relief tank which

condenses and collects the valve effluent. The schematic arrangement of the
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reliei devices is shown in Figure 4.2-lA, and the valve design parameters are

given in Table 4.1-8. The valves are "u ther discussed in Sub-Section

4.2.2.8.
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Upon completion of the containment sub-slabs, the reactor pit, was excavated

and 1/4" steel plates were welded to the sold'r piles to prevent the sand

from sloughing into the excavation from beneath the sub slab. Some sand did
slough in during the excavation and plate installation creating a void
behind the plates in some areas. These voids were filled by pressure

grouting after concrete work was completed within the reactor pit.

The containment structures were constructed on mat foundations founded

directly on the dense beach sands. These sands were studied in detail to
determine their susceptibility to liquefaction under, the maximum design
earthquake. The relative densities of these sands were found to be in the
range of values which are not susceptible to'iquefaction. The supporting
data for this conclusion is contained in Appendix G of the Original FSAR.

In addition, a complete settlement analysis was conducted to determine the
anticipated total and differential settlement between major structures, the
major portion of these settlements taking place during the construction
period. Computed differential settlement does not exceed one (1} inch. The

supporting data and detailed analysis is contained in Append'x G of the
Original FSAR.

In order to monitor settlements of the containment structures, three
permanent benchmarks were installed through each containment base slab 120

degrees apart and were positioned such that they are outside the containment

building. These benchmarks extend to bedrock and are equipped with
extensometers which indicate directly the amount of settlement of the

containment slabs. The installation was monitored at regular intervals to
substantiate the conclusion of the settlement analysis. The monitoring has

confirmed the predictions of the settlement analysis and the settlement
activity has virtually ceased. The periodic monitoring was discontinued in

With the exception of the Class I Tanks, all remaining Class I Structures
were handled in a manner similar to the containment structures, e.g.,
soldier piles were driven, excavation progressed with the installation
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of steel plates, sub»slabs were installed at the bottom of the excavation
Pressure grouting was also performed behind these plates to fill the
small voids which developed as a result of sloughing of the, sand.

The Class E Tanks were founded on compacted backfill. The areas were

first excavated down to the dense beach sands and then brought back

to foundation grade with controlled compacted backfill.

The Underground area of the auxiliary and containment buildings have

been waterproofed by means of a PVC 40 mi.l thick membrane. This
membrane extends at least 5 feet above the maximum known GW level.
The water-proofing used provides adequate protection against floodining
of areas located below the highest GW level.

Underground structures such as tunnels have been designed to articulate.
Where underground structures join main facilities the joint has been

made non-moment resisting. The stress criteria used in evaluating the

underground structure design is the same as that used in other class
I structures. Typical design sketch of connections are shown in
Figure 5.2.2-5.

The estimated potential static differential settlement after connection

of interlinking mechanical and electrical elements between the Contain-

ment Structure and the Auxiliary Building is 0.2" and between the

Auxiliary Building and the Turbine Building is O.l". This estimate

was based on an assumption that 75% of the total settlement of the

structure occurs during the construction phase.

There are no direct interconnecting building structural elements

between the Auxiliary Building and the Containment Structure, nor

between the Auxiliary Building and the Turbine Building. The inter-
connecting element between the Auxiliary Building and the Diesel
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5.3 ICE
CONDENSER'he

following information- presents an overview of the Ice Condenser design.
Additional detailed information is presented in the updated FSAR

Appendices J and M.

The Ice Condenser, is a completely enclosed annular compartment located
0around approximately 300 of the perimeter of the upper compartment of the

containment, but penetrating the operating deck so that a portion extends

into the lower compartment of the containment. The lower portion has a

series .of hinged doors exposed to the atmosphere of the lower containment

compartment which, for normal plant operation, are designed to remain

closed. At the top of the ice condenser is another set of doors exposed to
the atmosphere of the upper compartment, which remain closed during normal

plant operation. Intermediate deck doors, located below the top deck doors,
form the floor of a plenum at the upper part at the Ice Condenser. These

doors remain closed during normal plant operation.

ln the ice condenser, ice is held in baskets arranged to promote heat

txansfer from steam to ice to allow the ice condenser to perform its
function (see following paragraph) . A refrigeration system maintains the

ice in the solid state. Suitable insulation surrounding both the ice
condenser volume and the refrigeration ducts serves to minimize the heat

transfer through the ice condenser enclosure.

In the event of a loss-of-coolant accident or steam line break, the door

panels located below the operating deck (divider barrier) open due to the

pressure rise in the lower compartment. This allows the air and steam

to flow from the lower compartment into the ice condenser. The resulting
pressure increase within the ice condenser causes the intermediate deck

doors and the door panels at the top of the ice condenser to open, which

allows the air
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to flow our of the condenser 'nto the upper compartment. The ice condenser

condenses the steam as the steam enters the ice condenser compartment,

thus limiting the peak pressure and temperature buildup in the containment.

Condensation of steam within the ice condenser results in a continual flow
of steam from the lower compartment to the condensing surface of the ice,
thus reducing the time that the lower compartment is at an elevated
pressu're. The divider barrier separates the upper and lower compartments

and ensures that the steam is directed into the bottom of the ice condenser.

Only a negligible amount of steam can bypass the ice condenser through
the divider barrier. 'f

5.3.1 DESIGN CONSIDERATIONS

The following is a summary of the ice condenser design considerat'ons. The

design considerations are presented in two categories: performance

criteria, and structural and mechanical considerations. More specific
criteria for individual components of the ice condenser are also presented.

P rf rmanc C it ri

a) The energy absorption cap'acity of the ice condenser is at least twice,
that required to absorb all of the energy that can be released, 1)

during the initial blowdown of the Reactor Coolant System for any

reactor coolant pipe break sizes up to and including the hypothetical
severance of the reactor coolant piping,, or 2) during any steam or
feedwater system pipe break size up to and including the hypothetical
severance of the main steam line inside the containment, without
exceeding the containment design pressure.

b) After an accident as described in (a), the ice condenser together with
the containment spray system, has sufficient remaining heat absorption

capacity such that subsequent assumed
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heat loads are absorbed without exceeding the containment design

pressure. The subsequent heat loads conside ed include stored and

residual heat of the reactor core and coolant system, plus a

substantial margin for an undefined additional energy release.

c) Sufficient ice heat transfer area and flow passages are provided in the

ice condenser so that the magnitude of the pressure transient resulting
from an accident as described in (a) does not exceed the containment

design pressure.

d) The lower (Reactor Coolant System) compartment is bounded by the
divider barrier such that essentially all of the energy released in
this compartment is directed through doors at the bottom of the ice
condenser.

e) The resistance to flow into the ice condenser is such that the maximum

energy input into any section of the ice condenser does not exceed its
design capability.

f} The force required to open the doors of the ice condenser is
sufficiently low such that the energy from any leakage of steam through
the divider barrier can be readily absorbed by the containment spray

system without exceeding containment design pressure.

g} The inlet doors of the ice condenser are designed to open and

distribute steam to the ice bed in accordance with design basis (e)

above, for any postulated loss-of-coolant accident.

h) Both the inlet and outlet doors of the ice condenser are designed to
fail open at a slightly higher differential pressure above the design

h

opening pressure if for any reason the doors are prevented from opening

normally.
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i) Ice with a suitable concentration of sodium tetraborate is used
in the ice condenser so that'n case of an accident, the water
resulting from, the melted ice is available for cooling the core.

j) Raising the pH of the ice by additioa of boron to the ice as
sodium tetraborate rather than boric acid provides for the
absorption and retention of iodine released from the core.

k) Condensation of steam in the ice condenser aids in the removal of
iodine from the'ontainment atmosphere.

Structural and Mechanical Desi n

a) The ice condenser internal structures are capable of withstanding
all loading combinations with the following stress limits:

Loadin Combinations

Normal plus Operating Basis
Earthquake Loads

Stress Limits

Within Code Allowable

Normal plus Maximum Design
'asisHypothetical Earthquake

Loads

Within yield after load
redistributions

Normal plus Design Basis
Accident Loads

Within yield after load
redistributions

Normal plus Design Basis
Earthquake plus Design Basis
Accident Loads

Limit Curves — WCAP-5890,
Rev. 1

In addition to the stated stress limits, structural stability
and deformation requirements are determined so as to ensure no

loss of function under accident and design bases earthquake (DBE)

loads.
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b) In particular, the structure, equipment mounting, supports and
joints are designed to accommodate the maximum temperature range
and gradients which will occur.

c) Structural loads are not transmitted between the ice condenser
internals and the containment shell structure.

d) The internals of the ice condenser are designed to facilitate
maintenance.

e) The ice condenser internals are designed for a lifetime consistent
with that of the plant.

f) The materials of construction are selected to be effectively inert
under all conditions of operation of the ice condenser. In
particular, corrosion is prevented by inhibitors or protective
coatings where necessary and non-metallic materials are stable.

g) Materials in the ice condenser system are selected to be compatible
with the general environmental conditions inside the reactor con-
tainment during normal operation or during accident conditions.
In particular, the choice of materials for the ice condenser

insulation panels is compatible with the containment shell. See

updated Appendix M.

h) Sufficient redundancy is incorporated in the system design to
provide a high assurance degree of plant availability.

i) Components forming the boundary of the ice condenser are

continuously sealed to limit the ingress or egress of air and

vapor, except where specific provision is made for venting.
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S c' ic Oe ian Crit ria

Ice u o rt true ure

a) The structure is designed to maintain the ice in the required array to
maintain the integrity of performance of the ice condenser. ln
particular, the hydraulic diameter and heat transfer area are

maintained within the limits established by test to be consistent with
the" containment design pressure.

b) The structure allows loadings of the ice baskets in position, and

permits lifting of complete basket columns for removal in sections.
Many columns can be lifted and weighed for surveillance purposes.

c) Any section of the ice baskets is capable of supporting the total
.weight of ice above and below that section.

In late Du t Panels an Insula i

a) The insulation limits the maximum total heat load on the ice condenser

refrigeration system to a level consistent with the installed capacity,
including reasonable margin.

b} The heat input to the ice bed is minimized so that the ice bed

performance capability will be maintained for a long period of time if
the re fr ige rat ion system is shutdown.

In the region of the ice condenser, increased conductivity due to
'umidity and compression during an accident will not detract from

the performance of the ice condenser. The insulation requirements

for the ice condenser (under normal operating condit,ions) exceed the

insulation requirements to protect the
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containment vessel from thermal shock under accident conditions,
even allowing for increased conductivity due to compression.

c) The galvanized sheet metal covers on the inner faces of the duct
panels are continuously sealed, and the, outer sheet metal covers

adjacent to the crane wall and the end walls form a vapor barrier.
Under normal operating conditions, the vapor barrier prevents
significant loss of insulation due to humidity.

d) At the boundaries of 4he ice condenser where air cooling is not
incorporated, insulation is provided in a form consistent with
the structural and functional requirements of those areas.

e) The panel insulation is installed as prefabricated sections
(fiberglass encapsulated in polyethylene bags) and can be removed

and replaced if necessary during the lifetime of the plant, after
disassembly of the ice condenser internals. Precompression

of the ice condenser insulation from structural and leakage

tests does not detract from its performance capabilities.

f) The performance of the insulation is not affected by the earth-
quake conditions.

g) Under accident conditions the insulation does not affect the

overall performance of the ice 'condenser.

h) The materials used for insulation are compatible with the other

areas of the reactor containment and systems.

i) The method of attachment of the panels and their'positions relative
to the ice baskets and support, structure precludes displacement of

the panels during an accident.
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Ece ndenser Do rs

Normal 0 eration

a) The doors restrict the leakage of air into and out of the ice
condenser to the minimum practicable limit. 'uch provisions as

are required for venting the ice condenser are treated separately
and incorporate a range of adjustment to achieve the
required total vent area in conjunction with any inherent leakage.

b) The doors restrict the local heat input in the ice condenser
to the minimum practicable limit.

c) The lower inlet doors are instrumented to provide indication of
their open position.

d) Provision is made for adequate means of inspecting and testing of
the doors during reactor shutdown.

E r h uak Condi i ns

The doors are designed to withstand earthquake loadings so as not to affect
ice condenser operation for normal and accident conditions. These loads are
derived from the seismic analysis of the containment.

Acciden Conditions

Lower Inl D or

a) The doors open (at least partially) in the event of a primary
coolant or steam leak which produces an equalization of the cold
air head differential pressure across the doors of 1/2 to 1 lb/sq.
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b) The inlet doors and door parts of the ice condenser are
I

designed to distribute steam to the condenser to limit mal-

distribution to less than 150 percent of any loss-of-coolant
accident, which causes the door to open.

c) The inertia of the doors is low, consistent with producing a

negligible effect on initial pressure.

d) During blowdown, adequate flow area is provided for the ef fluent
of condensate and melted ice to drain from the ice condenser,

without impeding the distributed input of steam.

Intermediate and To Deck Doors

For larger leak rates, the resulting differential pressure opens

a sufficient number of doors to permit air flow into the upper

compartment.

Intermediate and To Deck Vents

4

Venting of the ice condenser for small leak rates is provided by

permanent vents in both the intermediate and top deck. This allows
the inlet doors to open into the proportioning range.

Ice Condenser Drains

1

Drains have sufficient flow capacity to minimize the time

that a water level in the ice condenser could cause an

additional resis'tance to door opening, and to limit the

potential increase in containment pressure that could occur

i.n the short time that the doors are closed.
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Drains are provided with flapper valves to seal the ice condenser and

prevent loss of cold a'uring normal operation. When the ice melts

dur ng a LOCA, the resulting borated water will flow through these

drains to the lower containment and sumps.

Drain flapper valves are gravity loaded to hold shut against, the cold
air head (1/2 to 1 lb/sq. ft.),in the ice condenser during normal

operation. The pressure required to open the drain does not exceed 36

inches of water.

4. Drains are located such as to drain the water level in the condenser to
an elevation below the bottom of the doors.

Per f rm n a bi 1 i

Because of the static nature of the ice bed, the ice condenser function is
not susceptible to failure of active components and the

resulting consideration of additional capability to accommodate failure.
En any case, the ice condenser does have an excess of capability for both

rate and quantity of energy released from the Reactor Coolant System.

The door panels and drain check valve flappers are the only
elements required to move during the acc'ident. These items are considered

as passive or static elements equivalent to rupture discs rather than active
components requiring an external signal and energy source to function.

Tes in and Ins c io

The ice condenser design includes provisions for inservice visual inspection
of the ice beds, flow channels, door panels, and cooling equipment. Samples

of the ice can be taken to check additive

5.3-10 July, 1997



concentrations. During periods when the reactor is shut down door panels

and drain check valves can be inspected, the door opening force can be

tested and compared with the design force. In addition, inspection and

testing of the installed ice condenser before and after the initial ice
loading was conducted prior to initial plant startup.

5.3.2 " DESCR1PTION OF ICE CONDENSER AND COMPONENTS

1'ncluded in this section are descriptions of the general arrangements of the

ice condenser, the refrigeration-cooling system, the door panels at the top
and bottom of the ice condenser, and the ice condenser internals which form

the flow channels and ice beds. Table 5.3-1 presents principal design
parameters for the Ice Condenser System. Additional informat'on is
presented in Appendices J and M.

eneral Arran ment

The general arrangement of the -ice condenser is shown in Figure 5.3-1.

The ice condenser is essentially a well-insulated cold storage room in which

ice is maintained in an array of vertical cylindrical columns. The columns

are formed by perforated metal sheet baskets with the space between columns

forming the flow channels for steam and air. The ice condenser is contained

in the annulus formed by the containment vessel wall and the crane wall
0circumferentially over a 300 arc. The refueling canal and equipment hatch

0are located in the remaining 60 arc.

The total height of the ice condenser compartment extends from below the

operating deck to the top of the crane wall. The uppermos't section of
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the ice condenser forms a plenum which accommodates the air cooling
equipment and provides access for ice loading and maintenance. A small

bridge crane is provided at the top of the compartment for construction and

maintenance purposes. Below the operating deck, the inner wall of the ice
condenser incorporates the inlet doors, through which the air from the lower

containment volume and the discharged loop contents pass into the ice
.condenser. The top deck of the ice condenser is formed by doors supported
from radial E-beams supported by the top of the crane wall. Intermediate
deck doors form a partition between the upper plenum and the „ice

compartment.

The ice condenser is insulated at its external boundaries to maintain the
total heat load on the cooling system to an acceptable level for the

required equilibrium temperature of the ice bed, and to minimize tl e

temperature gradients on the inner surfaces of the ice compartment. ln the
region of the walls of the ice comoartment, the insulation incorporates
cooling air ducts, by which the heat gained is absorbed and transferred to
the coolers in the upper plenum. The temperature of the cooiing air in the

ducts and temperature of the ice is normally maintained between 10 F and
0'0 F. The floor of the ice compartment incorporates glycol cooling coils

embedded in the concrete top wear slab to absorb and transfer the heat

gained to the refrigeration coolers.

The heat absorbed by the coolers is transferred to the refrigeration units
outside the reactor containment by an ethylene glycol circulation system.

An instrumentation system monitors the ice bed temperature and the open

position of the inlet and personnel access doors.

Tool boxes containing tools used for maintenance of the ice condenser air
handling units are located on the floor grating and seismically restrained
at the 701'levation outside of the ice condenser in each unit.

E e Su or S ructure

The ice support st ucture consists of the lower support structure, lattice
frames and columns, and ice baskets.
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The floor of the ice condenser comoartment is arranged to provide structuzal
support for the internals and cool'ng o~ the ice bed. The ice condenser

structure and ice is supported by the floor and lower support structure.
The lower support structuz'e supports the ice and baskets. The structure
extends above the floor to provide an access area behind the inlet doors.
The lower support structure is essentially a lattice of radial rectangular
box beams on the centerline of the ice baskets. These radial box beams are

supported by inner and outer main beam members running circumferentially
around the ice condenser. The radial box beams are fabricated from

structural steel channel sections and plate. The main beam members are

supported by the columns from the ice condenser floor. The lower support
columns straddle the ice condenser inlet doors providing a clear area for
the inlet doors.

Lateral support against seismic effects is orovided„by structural ties to
the crane wall. Clearance is maintained between the ice support structure
and the primary containment vessel to ensure that there is no load

transmitted between them due to seismic accelerations.

The lattice frames, of welded steel construction, locate the ice baskets in
the desired array. The frames are supported from vertical columns at each

corner, each column serving adjacent frames.. The columns, located at the

inner and outer walls of the ice condenser, are built from rectangular steel
sections and are fastened to the lower support structure. "The radial length
of the frames is adjustable to accommodate construction clearances and

permit vertical alignment of the basket locations within the frames. Cross

braced box truss sections are built into the insulated duct panels at
the ends and midsection. The vertical spacing of these truss sections is
such that a reinforced section is provided at each lattice frame elevation.
Outrigged brackets with insulating pads at the lattice frame elevations
provide the stz'uctural connection between the inner duct panel and the inner
lattice frame support column. As discussed befoze, the lattice frames are

connected to the support columns.
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The box truss sect'ons of the wall panels are attached to the panel mounting
angles with structural angle brackets. These brackets and the wall panel
clamping bolts provide a vertically oinned connection to the crane wall that
will transmit the lateral loading to the inner wall.

Groups of six lattice frames are connected together with a slip joint
between groups to provide for circumferent'al thermal expansion and

contraction. Since there is no connection between the structure and the
containment wall, no special provisions are necessary for radial thermal
expansion or contraction. No seismic or thermal loads from the ice support
structure are restrained by the containment shell.

The ice columns are composed of part-length round basket sections, filled
with pieces of ice, and formed to allow exposure to the steam.
interconnection stiffening rings are located at each end of the basket
section. Brace rings are located within the st'ffening ring at the bottom
of each basket to provide support for the ice in addition to the shear
support provided by the baskets. The baskets are assembled into the lattice
frames to form a continuous column of ice the full height of the ice bed.
Only the bottom ends of the lowest basket sections are closed to prevent
the ice falling through. Overall basket column length 's a8 feet and is
composed of baskets in 2 foot, 3 foot or 12 foot lengths. Basket sections
"an be assembled in any combination as long as a coupling ring or stiffening
ring is located every 5 fee- ro coincide with the lattice frame location.
The lattice frames provide only lateral ice basket support at intervals

!

corresponding to the ends of the ice basket sections or at the midspan
stiffener ring location of a 12 foot 'ce basket. The vertical support of
the ice and ice baskets is transmitted by the basket to the lower support
structure. The ice is loaded from the top of the ice bed into the completed
basket assembly. The columns of ice can be lifted and removed in sections,
and provision is made for lifting and weighing the whole length
of selected columns for surveillance purposes.
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Normal Loads

For normal load conditions the ice load is applied statically, and the only
~Jlateral load is that due 'to any misalignment of the basket columns and

latcice frames. The lattice frame and column structure does not carry any

vertical components of load from the ice baskets. Horizontal load

components from misalignment of the basket columns and lattice frame

locations are minimized by proper adjustment during installation.

The resultant basket structure considered for analysis comprises a

pinjointed cylindrical shell, laterally supported at che joints and

vertically at che. base. The loading due'o the ice in the vertical
direction is assumed to be applied in uniform shear above any seccion,
combined wich a hydrostatic load below that section, thus accounting for che

worst condicion of ice support.

The lower support 'struccure carries a cotal static load from the ice bed,

uniformly distributed. In addition, che inner circumferential main beams

cake the weight of the insulated duct panels on the crane wall and the
reactions ac che feec of the inner columns supporting the lattice frames.

For design purposes che baskec columns and structure are considered to be

subjected to oche'r modes of loading outside the scope of the Normal,

Earthquake, and Accident conditions. These arise from handling during
removal or weighing of the baskec columns when :c is necessary to consider
dynamic loading of a full column of ice due co lifting by the crane.

Consideration is also given ro minimizing damage in the event chat a baskec

loaded with ice is dropped or arrested while being lowered by the crane.
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Earth ake Loads

In addition to the seismic effects on the ice condenser structure due to the

weight of the ice, seismic effects will be transmitted to the structure
through the crane wall and floor. The behavior is analyzed using a response

t

spectrum, absolute accelerations, displacements and relative motions of the

walls as determined from the dynamic analysis of the containment structure.
The natural frequencies and vibration modes of the ice internals comprising
the baskets, framework, and structural ties to the crane wall are determined

by dynamic analysis, with the internals being supported transversely by the
structural ties incorporated in'he insulated duct panels at the crane wall.

The behavior of the ice structure is investigated using two mathematical

models. The first of these models represents one basket or group of baskets

supported laterally at the level of each frame. The support is assumed to
be a linear spring representing the effect of the insulation. The second

'odelrepresents a typical horizontal frame. This frame is continuous
around 300 degrees of arc of the containment and bears on the crane wall.

These models give the lowest frequencies and mode shapes of the ice
condenser internals. In the analysis, the ice is initially assumed to have

mass but zero stiffness. To represent the overall effect of the ice
baskets, framework, and insulation, damping is taken as 5% critical damping

for the operating basis earthquake and 10: for the design basis earthquake

linear analysis. For a discussion on the nonlinear analysis performed on

the ice condenser structures, refer to Appendix M.

Using the frequencies established from the models described above, the

response of the internal structure is determined from the response spectra.
The maximum accelerations are then applied to the structural components to
determine the maximum stresses and deflections.
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Experimental ve ification of the component design with respect to the

structural ties to the crane wall has been determined by the con-

struction of 8 feet long prototype panels for manufacturing evaluation
purposes. One such prototype panel was subjected to static load tests,
simulating the effect of seismic accelerations, to determine the

corresponding deflections in the structure.

As mentioned before cross braced box truss sections are built into
the insulated duct panels to transfer the lateral load to the crane
wall.

Thus no reliance is placed on the insulation material as such to
accommodate the seismic loads, and coupling between the crane wall and

containment shell due to the effective stiffness of the insulation is
wholly obviated by maintaining a positive clearance between the frame

work of the ice condenser, the insulated duct panels and the contain-
ment shell for all conditions.

Accident Loads

Accident loads are considered for the maximum postulated break size in
the reactor coolant or steam system piping. This gives rise to an

increase in pressure in the ice condenser together with drag forces on

the baskets and support structure due to the velocity of the steam/

air mixture. Consideration is given to temperature gradients between

the top and bottom of the ice condenser which develop from heat transfer
between the structural steelwork and steam condensed by the ice.

The maximum differential pressure between the ice condenser and =he

upper compartment is effectively applied across the insulated duct
panels. The wall panels are designed and fastened to the walls in a

manner that precludes significant steam channeling due to panel deflec-
tions, or leakage through the vapor barrier, for full accident design

pressure differential.
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The vapor barrier joints are mechanically fastened, sealed joints for which

the fastening is designed to withstand the full pressure differential. The

pressure differential is applied to the seated joints in a manner that
-increases the sealing pressure applied on the sealants.

Ic C nd nser o lin Duct an In ulation

The insulated cooling ducts for the walls of the ice compartment, shown in
Figure 5.3-1 and 5.3-3, are installed as prefabricated panels. At the outer
wall of .the condenser, the panels cover the full height of the ice
compartment. At the inner wall and end walls, the lower end of the panels

terminate above the inlet doorports. For ease of handling during
construction the panels were made in half height sections, and the
panel width is consistent with the pitch of the columns and lattice frame.

Each panel is an integral duct unit, consisting of two back to back cross
braced box section for cooling air flow. Fiberglass insulation is provided
,on the outer side (next to the ice compartment .walls). See Figure 5.3-3.
Each wall duct panel contains two parallel ducts divided by an insulated
wall'and joined with a "U" type return section at the bottom end of the duct

panel. The air flow channels are fed from the refrigeration system air
handling units by an air header around the periphery of the upper plenum.

The chilled air is distributed from the air header into the ice bed duct
side of the wall panels. The chilled air descends to the bottom of the duct

and flows up in the return duct of the wall panel and is discharged into the

upper plenum. The layer of insulation provided on the outer face of the

panels minimizes the heat gain to the cooling system. The supply of
refrigerated air down through the inner face of the panels and the

insulation provided. between the inner and outer panels minimizes the

temperature gradients in the ice compartment due to a differences in wall
'emperaturein the ice condenser, thereby minimizing sublimation and mass

tra'nsfer of ice from one region of the condenser to another. The inner, ice

compartment side of the panels is galvanized steel sheet and the joints
between panels are sealed to provide a vapor barrier between the ice

compartment and the cooling air flow. The galvanized steel
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sheet surfaces of the panels on the crane wall and end walls forms the vapor
(

barrier or the compartment on those walls.

The panels are clamped to 't'e walls by studs, clamp washers and nuts. The

weight of the panels is transmitted to the floor at the outer wall of the

ice condenser and to the ice lower support structure at the inner and end

walls.

'

The fastening of the insulated duct panels to the walls,- the construction
incorporating sheet metal faces, and the additional constraints provided by

the configuration of the ice baskets and suppor" structure, eliminates any

mechanism which would allow the insulation material to significantly impede

the performance of the ice condenser during accident conditions.

The floor of the ice condenser is cooled by embedded pipe coils through
which chilled glycol is circulated.

The wall panel design is such that the structure of panels resists
compression of insulation with exception of slight momentary compression of
the interior insulation .layer between the back to back ducts. This slight
compression is due to the deformation of the face and will return after the

pressure is reduced.

An add'tional load is imposed on the refrigeration system due to the heat

flow into the upper plenum. The walls of the plenum are also insulated by

prefabricated fiberglass panels, but the air flow from the duct panel

exhaust to the air handling units circulates in the plenum, picking up heat

input through the insulation and top deck doors. This ensures that moisture

leaking into the ice condenser plenum is picked up by the air and freezes on

the cooler coils. Together with the vapor barrier on the inner face of the

insulated duct panels, this minimizes the ingress of moisture into the

ice bed.
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Ece C ndense~ Do r

Inlet D rs

The inlet doors at the oottom of the ice condenser are suitably insulated
panels mounted as vertically hinged pairs, on an angle sect'on frame between
the concrete pillars supporting the crane wall as shown in Figure 5.3-4.

The doors consist of a 1/2 inch composite panel with steel facings and a

structural steel channel frame,, and a 7 inch foam insulation backing that
is enclosed with a stainless steel sheet metal cover. =

I

The doors are provided with springs which produce a small force to resist
door opening and to provide a positive closing force to bring the door back
to its neutral position. The magnitude of the force produced by the springs
when the doors're fully open is equivalent to a differential pressure of
approximately 1 pound per square foot. The doors are normally he'ld shut,
against a seal mounted on the frame, by the static differer'tial pressure due
to the higher density air in the ice condenser compartment. With zero
differential pressure across the doors (no cold air head), the neutral
position of the spring is set so that the doors are slightly open (3/4"
nominal). Thus, all doors will begin to open at the same pressure (cold air
head) and, within the limits of spring tolerances, the doors will all open
equal amounts.

Provision is made for a drain area of approximately. 13 sq. ft. at the bottom
(

of the ice condenser to permit water and air to flow from the ice condenser
during and after the reactor coolant blowdown. This provision assures that,
if 'doors reclose after a large break before all water drains out, or for
small break or residual heat release cases where doors are not fully open,
water from melted ice can drain from the compartment. The total drain area
is provided by 21 individual floor dra'ns.
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T D ck and Intermedia e Door

The intermediate doors enclosing the ice compartment and forming the floor
of the upper plenum are supported by the lattice frame support columns. The

door panels are comprised of a structural steel framing, and an insulation
foam plastic core with bonded and mechanically fastened sheet metal facings.
The doors are hinged horizontally and are normally closed. On an increase
'in pressure in the ice condenser compartment, these doors will open as

required, allowing air to flow into the upper plenum.

The top deck doors are flexible metal encased, insulating bats. These bats

are attached to the crane wall only. An increase in pressure below these

flexible bats will cause them to flip open over the top of the crane wall.
This will permit the air to flow out of the ice condenser into the upper

compartment.

A small vent area approximately 20 sq. ft. is provided through each set of
intermediate deck doors and top deck doors to equalize pressure between the

ice condenser and containment volumes during normal operating pressure
fluctuations and to permit small break LOCA steam/air flow into the ice bed.

Equipment doors with integral personnel access doors are provided at each

end wall of the upper plenum. Personnel access is provided into the lower

void space for surveillance of the inlet doors during reactor shutdown via a

lower personnel access door in one of the end wall lower areas. These doors

are all closed during normal operation.

For small leaks less than approximately 70 gpm to 2<0 gpm, a pressure

difference sufficient to open the inlet doors would not be developed. - This

range of leakage would be quickly detected by reactor coolant system

instrumentation, and plant shutdown would be initiated. For this case, the

containment, ventilation fan-coolers although not engineered safeguards, have

capacity for removal of additional heat input. En any event, the

containment pressure would be limited to a low value by the Containment

Spray System.
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For slightly greater leak rates, zero di"f rential pressure would be

developed across the doors (cold ai head balanced), and the
neutra'osition

of, the spring is set so that the doors would open slightly. Thus,

all doors would begin to ooen at the same differential pressure (cold ai
head) and within the limits of soring tolerances, the doors would all open

by equal amounts.

For larger break sizes, the doors will open by greater- amount consistent
with the spring characteristics of the doors. The one pound per square foot
differential pressure required to ully open the lower doors would be

developed by the'team flow from approximately an 8 inch diameter single-
ended pipe break. Above this break size, maldistribution will be lim'ted to
a low amount bP the size of the door port

At the conclusion of the reactor coolant system blowdown, the doors would

tend to reclose. The provision made Eor a drain area at the bottom of the

ice condenser allo~s for the flow of wate and air f om the ice condenser

during and after the blowdown. lf it is =assumed that residual heat is
released to the containment in the Eorm of steam, the doors would reopen as

required to allow the steam to flow into the condenser.

R fri er ti n m

,The refrigerat'"n system is designed to 'n'"'ally cool down the ice
condenser from the ambient conditions of the reactor containment and to
maintain the desired equilibrium temperatu in the ice compartment. Kt

also provides the coolant supply or the ice machines.

Cooling of the ice condenser is achieved by a three-stage system shown

diagrammatically in Figure 5.3-2 and Figu e 5.3-2A.

First stage - Refrigerant cycle
Second stage - Glycol cycle
;bird stage - Air cooling cycle.
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First Sta e - Refri er nt C cle

Ten 25 ton capacity f.eon vapor compression refrigeration units (5 Twin unit,
skids) located outside the conta'nment orovide coolant for the two units of
the plant.

Condenser cooling water is provided for the non-essential service water

system.

S n t e - Gl c 1 cle

The second stage working fluid is a 50% solution of ethylene glycol and

water. The cycle carries the heat absorbed from the ice condenser air
handling units, floor cooling circuits or the ice machines to the
evaporator/coolers of the refrigeration units. Provision is made for cross-
connecting the second stage for each unit of the plant to any of the
refz'igeration units.

Six pumps have been provided to convey the glycol to the ten refrigeration
units and a'r handling units and floor cooling circuits in each ice
condenser. Two piping manifolds from the p mp discharge conduct ethylene
glycol into and out of any combination of these components. The glycol is
fed to each reactor containment by single flow and return pipes and

subsequently by b.anch feed and return lines to, the air handling units along

each side of the ice condenser plenum. The glycol flooz cool'ng circuit is
entirely within the containment and consists of two floor cooling pumps

circulating chilled glycol through coils embedded in the ice compartment

floor. The floor cooling pumps take suction from the air handler glycol
return line before the line leaves the containment. Glycol from the

floor cooling circuit is returned to the same line, downstream of the

suction point, through a modulating valve for floor temperature control.
Nith the above described arrangement, the systems can be refrigerated from

the central source with a minimum of interaction and a high degree of
redundancy.
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A surge tank is provided in each containment system to accommodate

volumetric expansion and contraction of the ethylene glycol solution and is
equipped with level alarms.

Third S a - Air Coolin cle

Thirty dual air handling:units are located around the periphery of the ice
condenser. plenum, spaced to give an even distribution of air flow to 'the

cooling air ducts in the .ice compartment insulation panels.

Air is drawn from the upper plenum through the cooling coils by the fans and

is fed to a continuous header around the plenum for distribution to the
ducts. This arrangement assures that the cooling function can be maintained

by adjacent units should a fan or cooler be shut down.

The ethylene glycol flow in the cooling coils is controlled by air outlet
temperature, and the flow is bypassed during defrost. The coils are

II'efrostedautomatically by individual electric heaters, and ~lapper-type
check valves prevent reverse air flow through the coil when the fans are

shut off during defrost.

H ndlin E iomen

The bridge crane could move completely around„ the annulus outside the crane

wall. This crane was used for construction, ice loading, weighing selected
ice baskets, and general maintenance during plant construction and initial
plant operation. However, since then the end wall equipment access doors

have been permanently positioned in the up or closed position which prevents
the crane from accessing into the ice condenser area.

The bridge crane track is supported from the beams of the plenum top deck

structure which in turn are supported by radial beams supported by the

crane wall.
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Ice Hachine

Three ice machines are installed in the auxiliary building. The machines

are each capable of producing ten tons of borated ice per day, which is
adequate for all recharging requirements. The ice is made in a shape anc

size convenient foz handling, and provision is made for checking that ice
loading and ice chemistry are maintained within the pzescribed limits.

Instrumentation - Monitorin S stem

There are 96 temperature sensing elements which are distributed
throughout the ice bed and are monitored and recorded in the Control
Room. An annunciator panel provides an alarm for a pre-set deviation
from the prescribed limits of ice bed equilibrium temperature.

Each inlet door panel operates two switches when in the closed position.
The position and movement of the switches are such that the doors must

be effectively sealed before the switches are actuated. An annunciator
panel in the Control Room gives an alarm signal for the door open

condition.

Similarly, ice condenser compartment equipment and personnel access

doozs are fitted with switches providing Control Room indication of the

position of those doors. Also see Appendix H, Section 6.10.

Ice Condenser materials

I

Corrosion of ice condenser components will be greatly reduced by the

low temperature operation of the ice condenser. Corrosion at ice
condenser operating temperature, even at saturation, is almost non-

existent.

Ice bed st:uctural steel member materials were impact tested to meet

the temperature requirements of N1210 of Subsection 8 Section III
Nuclear Vessel Code of ASME, of at least 30 F lower then than the lowest0

service temperature for all section thicknesses in excess of 5/8 inch.
For section thickness equal to or less than 5/8 inch material was either
impact tested or specified to fine grain practice.
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To further inhibit corrosion, galvanizing is used for baskets and metal

panels. The Lower Support Structure is fabr'cated from Cortex Structural
Steel, which forms its own protective oxide surface coating as the material
weathers. The other major structural members inside the ice condenser are

protected by corrosion resistant oaints and are expected to last the life of
the ice condenser without maintenance.

Any ice condenser equipment whose performance might, be affected by corrosion
employs corrosion resistant materials for critical components. Any

corrosion that would develop over long term operation would not impair the

performance of the ice condenser.

The ice condenser cooling system utilizes ethylene glycol as a coolant.
According to published data(1> all ice condenser materials selected have

good chemical resistance to ethylene glycol.

The insulation panels in the ice bed region are provided with a vapor

barrier which would prevent moisture from reaching the containment vessel
insulation interface region. A small proportion of the air flow. bleeds from

the ducts into the annulus between the duct panel and the containment. The

inner surface temperature at the boundary of the ice condenser, in
particular, the containment liner, varies with external ambient conditions

0 0from a maximum of 80 F down to 0 F. For all boundary temperatures above the

duct air temperature, any moisture in the insulat'on diffuses to the cooling
ducts and 'n addition is absorbed by the bleed flow of air. For containment

liner temperature below duct air temperature, which corresponds to near zero

external ambient conditions, any moisture transferred to the annulus between

the containment liner and the duct panels forms as frost, but since the

temperature gradients are reversed for this condition, the frost cannot

detract from the performance of the cooling system.
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With the above factors considered, removal of the ice condenser wall panels

for containment liner inspection should not be necessary, as is the case for
the analogous situation whe e the steel is'encased in concrete. Access to
the containment liner in the ice condenser region for containment inspection
is provided by three special inspection ports through duct panels located
approximately at the quarter points, in the lower section of the ice bed.

Access to the containment liner in the plenum region is provided by removal

of a plenum insulation panel.

5.3.3 ICE CONDENSER OPERATING CONSIDERATIONS

R fri erati n. s em

The ice condenser and associated systems provide a completely reliable,
static heat sink, which is instantaneously available if needed during a loss-
of-coolant accident. The design assures that the quantity and configuration
of the ice is maintained within the limits acceptable for the accident
requirements. The insulation system minimizes the total heat gain into the
compartment, and air leakage flow through the compartment, the double-walled
insulation adjacent to the compartment further minimizes heat flows which

would otherwise tend to promote ice sublimation and mass transfer within the

ice bed. Long-term ice storage tests have shown that the ice can be

stored for long periods of time without significant weight loss or
physical distortion.

The ice condenser refrigeration system is provided with excess capacity to
assure that the ice is maintained below the freezing temperature. The

capacity of the refrigeration units exceed the maximum heat gain to the ice
condenser compartment, and two standby refrigeration units are available for
maintenance shutdowns, emergency shutdowns, and ice machine operation. The

ethylene glycol loops for each unit of the twin-un'it plant are separate, but

can be interconnected. The many air handling units in each ice condenser

also have excess capacity so that the ice bed compartment temperature, and

temperature gradient across the ice bed or between adjacent ice bed

bays/zones are minimized and easily maintained if fans are shut down for
'I

defrosting,the coils, for maintenance of the equipment, or as a result of
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equipment failure. The air distribution duct system feeding the insulated
duct panels is continuous around the pheriphery of the upper plenum in the
ice condenser compartment, so that all the panels are open to available air
flow.

The double-walled insulation adjacent to the ice compartment provides
additional protection against heat gai;s lf the entire refrigeration system
were to shut down. Because of the air gap and second insulation layer, the
time required to raise the ice and internal structures to melting
temperature would be abou't one week, allowing more than sufficient time to
repair or restart the refrigeration equipment. An additional 2 weeks would

elapse before even 10 per cent of the ice would melt if the refrigeration
system were not operating.

Ic Bed Lo din

Prior to the initial plant startup, the ice condenser compartment is cooled
0to operating temperature, 10-20 F, and loaded with ice. One or more ice

making machines generates the ice in flake form for ease in handling. The

ice is moved into the containment through a normally closed oenetration by a

pneumatic conveying system. The system feeds ice to a loading head, which
is positioned by the bridge crane, through removable tubes in the plenum.

This system is also used to replenish sections of the ice condenser, if
required.

I on nser Zns c ion

e

The design of the ice condenser and its components is such that a minimum

amount of surveillance is required. However, in order'to ensure

satisfactory performance in the event of a loss-of-coolant accident, the
following inspections and monitoring are required:

a) Total weight of ice initially installed in the condenser is
determined by weighing the loads of ice being installed.

b) Flow passages and ice beds typical of all sections of the

condenser are visually inspected to check that no significant
changes are occurring. 0
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c) Selected full-height ice columns are weighed to check that
no significant changes are occurring.

d) The door panels are-visually inspected for any evidence of frost
formation. Further, these door panels are manually opened

momentarily and the opening force measured to confirm that the

doors are functioning properly.

e) The chemical composition in the ice is checked by chemical

analysis.

f) Temperatures in selected locations in the ice condenser are

monitored continuously to ensure that the cooling system is
operating satisfactorily.

g) A monitoring system is provided ro indicate if the inlet doors are

open.

h) Prior to plant heatup, the hatches in the operating deck are

inspected to ensure that they are properly secured.

The following paragraph is retained for historical reasons only:

After the ice condenser has been cooled and loaded with ice, sufficient
time will elapse before the reactor plant is heated to temperature for
initial power operation. During this period, a number of inspections
are made of the ice condenser and its systems. After power generation
begins, the surveillance program continues at the frequency specified
by Technical Specification. Access to the upper plenum of the ice
condenser compartment is possible while the reactor is at full power;

therefore, inspections b and e outlined above, as well as f and g, are

possible at any time.

Technical Specifications require that a representative sample of ice baskets

be weighed periodically. These baskets are Selected and weighed in order to
ensure that (1) there is sufficient ice in the ice condenser and (2) the ice

is uniformly distributed throughout the ice condenser.
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The basket ice ~eights are statistically analyzed to demonstrate that the
min'mum average ~eight is greater than 1220 pounds of ice per basket at the

954 confidence level.

E ond n r Main enan e

As stated in the Design Bases, the ice.condenser internals are designed for
a lifetime consistent with that of the plant. Specifically, the design of
the ice support structure and insulation duct panels is intended to minimize

the potential for maintenance. The ice condenser and its components have

been designed to be maintainable.

nsi ivit Small Le ks

Consideration has been given to the possibility that a small leak from the
reactor coolant system could melt ice without 'the leak or th 'ea or t e ice melt being
detected. Temperature detectors in the ice condenser and the inlet door

position indicators should provide one indication of this condition. En

order for steam to enter the ice condenser,'he door opening differential
pressure, produced by the cold air density in the ice condenser, must

first be overcome. Because of the holes in the operating deck, the reactor
coolant leakage has to be high enough to generate sufficient differential
pressure across the deck before the inlet doors would begin to open.

i

Calculations of the leakage required to generate a 1 psf differential
pressure through the assumed 5 sq. ft. deck leakage area indicate that the

reactor coolant leakage would be between 70 gpm and'240 gpm, depending on

the mixture concentration of steam and ai r passing through the deck. These

calculations take no credit for heat removal by struc-tures and by the

containment ventilation system. This range of leakage would quickly be

detected by reactor coolant system instrumentation, and plant shutdown would

be initiated. Also, this range of leakage into the containment
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TABLE 5 ~ 3-1

ER

Reactor Containment Volume (net free volume)
3Upper Compartment, ft

Ice Condenser, ft3

Lower Compartment (active), ft3

Total Active Volume, ft3

745,896

126,940

306,800

1,179,636

Lower Compartment (dead-ended), ft,3

Total Containment volume, ft3
61,702

1,241,338

Reactor Containment Air Compression Ratio+ 1 ~ 41

Reactor power, MWt (design basis) 3391

Design Energy Release to Containment

Initial blowdown mass release, lb
Initial blowdown energy release, Btu

Allowance for undefined energy release in
addition to core residual heat, Btu

549,000

346.7 x 10 I

50 x 106

Ice Condenser parameters

Weight of ice in condenser, lb (Tech. Spec.) 2.37 x 106

*Defined in Section 14.3.
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TABLE 5 3-'cont'd.)

1

Dimensions of ice condenser

O.D., ft
I.D., ft.
Average length, ft
Width (less insulation panels), ft
Ice bed height, ft
Inlet door flow area, ft2

Ice condenser flow area, ft

89

267

48

1000

1326

Ice Condenser inlet door opening pressure, lb/ft2

Ice boron concentration, ppm boron

1/2 to 1.0

2000

Refrigeration cooling capacity (current as of 1/82)

1nstalled cooling capacity for compartment, Tons

Maximum compartment heat input, Tons (per unit)
Total cooling capacity for plant, Tons

(capacity shared by two units)

35

250
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Class G

The Fuel Transfer (CPN-1) Ice Load) ce Loading (CpN-57) and Return (CpN 8O)

nment Thimble Removal (CpN 76))i and Containment Service (CPN-71

penetrations are special eneta penetrations used only during outa es.

only - CPN-67 also has a s ecial ene

ou ges. For Unit 2

a so as a speci,al penetration similar in design to th
which is consider d sere as a spare and is

s gn to e above

s not used during outages. Durin

operations, where containm

r ng power

e , t ese speciale conta nment integrity is required the

penetrations are closed by a blind flan e. Th

Loca

n ange. These blind flanges are e B

cal Leak Rate Tested and tested as part of the

Test for verificest for verification of containment int . Th i li fl gn egr1 tv. The i.

ere to be the sin le co

enetrat'
containment pressure boundaco ry or these

p etrations. The outboard blind. flan e w

facilitate e B

n . ange, where used, is primarily t
typ testing of the inboard flange.

n. ane w, '
o

5.4.2 CONTAINMENT ISOLATION 'SYSTEM DESIGN

The general design basis coveroverxng

valves required to assure reactor
5.4.1.

the number and location of isolation
containment integrity is given in Section

a

Check valves ma be ey e employed as one of the two barriers for
Test connections and ress

o arr ers for incoming lines.
ec ons and pressurizing means aze provid d

val~e or barrier for 1 ak igh

e to test each isolat ion
e t tness. Either water or a gas is used as the

pressurizing medium dependi on th
necess

ng on e requirements of each cas Wh

essazy to make a quantative leaka

on case. ere it is
ve e ge test, provision is made to

a) measure the inflownflow of the pressurizing medium, or

b) .„ collect and measure the leakage ors

c) calculate the leakage from thge rom e rate of pressure drop
r

The test connections are isolated whea e en not in use by closed manual 1

and/or ca s and

a e e manua va ves

p and admini.strati.vely controlled to ensro e to ensure containment integrity.

lt

5.4-7 July 1995



All isolation valves are missile protected. Isolation valves, actuators,
and control devices required inside the containment are located between the
missile barrier and the containment wall. Isolation valves, actuators and

control devices outside the containment are located outside the path of
potential missiles or provided with missile protection. There are two

levels of automatic containment isolation identified as Phase A and Phase B.

Phase A isolation closes all lines penetrating the containment except
essential lines such as Safety Injection and Containment Spray which are not
isolated, and component cooling water to the reactor pumps and service water
to the ventilation units which isolates on Phase B. (For Phase A and B

initiating signals see Chapter 7 Instrumentation and Control.) All
automatic isolation valves are able to be closed from the main control room.

Position indicators are provided for each valve near its manual control
switch in the main control room.

Specific administrative procedures govern the positioning of all isolation
valves except check valves as well as any flanged closures during normal

operation, shutdown and incident conditions. Check valves 'n incoming lines
open only when the fluid pressure in the line coming from the outside is
higher than the pressure on the containment side. Gravity or a spring holds
the valve closed in the balanced pressure condition.

'.4.3

DESIGN EVALUATION

The containment isolation system provides two barriers to prevent leakage of
radioactivity at each containment opening. Either barrier is sufficient to
keep the leakage within limits.

TEST AND INSPECTION

All valve leak testing for Inservice Inspection (ISI) and Integrated Leak

Rate Test (ILRT) program and surveillance requirements are performed in
accordance with Appendix J, Option B, to 10 CFR 50 for Type A, B and C type
t'esting. Also certain valves will be tested for operability in accordance

with the applicable edition of the ASME OM Standards.
5.4-8
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5.5 CONTAINMENT VENTILATION SYSTEM

5.5.1 GENERAL DESCRIPTION

The Containment Ventilation System is designed to-maintain temperatures in
the various po tions of the Containment within acceptable limits for
operation of equipment, and for personnel access for inspection, maintenance

and testing as required. It also has capability for purging the Containment

atmosphere to the environment via the plant vent. The system can also
cleanup airborne contamination in the containment prior to personnel entry.
There is one plant vent for each unit. In the event of a loss-of-coolant
accident, portions of the Containment Ventilation System aid in reducing
Containment pressure after blowdown and also prevent the potential
accumulat'on of any hydrogen in "pockets" within the Containment from

reaching the flammable limit.

The Containment Ventilation System is shown in Figures 5.5-1 and 5.5-2. Xt

consists of nine, essentially independent, sub-systems as follows:

a. Containment Purge Supply and Exhaust System

b. Instrumentation Room Purge Supply and Exhaust System

c. Conta'nment Pressure Relief System

d. Upper Compartment Ventilation System

e. Lower Compartment Ventilation System including Control Rod

Drive Mechanism Ventilation System, Reactor Cavity Ventilation
System and Pressurizers Compartment Ventilation System

f. " Containment Instrumentation Room Ventilation System
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g. Containment Auxiliary Charcoal Filter System

h. Containment Air Recirculation/Hydrogen Skimmer System

i. Hot Sleeve Ventilation System

Unit No. 1 and Unit No. 2 are each supplied with a separate system.

These systems are essentially identical. All ventilation systems with
the exception of the purge and pressure relief systems are of the

recirculating type (d through i, above) .

The containment and instrumentation room purge exhaust and containment

pressure relief systems discharge to the unit vent where they are

monitored before release.

5.5.2 DESIGN BASES

The Containment Ventilation System is designed to the following
parameters:

a. Purge the containment atmosphere to the plant vent. System

capacity is sufficient to provide 1.5 changes of the contain-

ment air volume in one hour.

b. Limit containment pressure to 0.3 psig (maximum) during normal

plant operations.

c ~ Maintain a maximum temperature of 100'F in the containment

upper compartment during plant operation and a minimum of
60'F during plant shutdown to permit personnel access as

required.

d. Maintain a maximum temperature of 120'F in the lower compartment

(135'F inside the primary concrete shield) during plant operation

and a minimum of 60'F during an outage.
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e. Maintain a maximum temperature of 100oF and a minimum temperature
0of 60 F in the Containment Znstrumentation Room.

f. Purge the Zn-core Znstrumentation Room atmosphere to the unit
vent during periods of personnel access to this room.

g. Ensure that a reliable supply of cooling air is provided to
the Control Rod Drive Mechanisms.

h. Reduce the concentration of airborne fission products
(particulates, iodine and methyl iodine gases) which may be

introduced into the containment atmosphere via leakage from the
Reactor Coolant System (concurrent with 1 percent fuel cladding
defects).

i. Aid in reduction of Containment pressure in the event of an

accident. (See Chapter 14.)

j. Ensure that, in the case of a loss-of-coolant accident, any

hydrogen that may be formed will not accumulate in pockets
in excess of 4 percent (by volume).

k. Maintain concrete temperature below 150 F at the crane wall sleeves0

serving the RHR system when that system is operating.

5.5.3 SySTEM DESCRZPTZON

Cont e Pu u and Exhaust S ste

One Containment Purge Supply and Exhaust System is supplied for each

Containment structure so that, prior to entry, if required, radioactivity can

be reduced to safe levels.
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Purge air is supplied to the containment through two 16,000 CFM fans and

their associated filters and heating coils. Purged air is exhausted th ough

two 16,000 CFM capacity fans and high efficiency. part'culate air filters to
the unit vent where it is monitored before release to the atmosphere. The

purge-air supply and exhaust fans and fx.lters are located in the Auxiliary
Building.

There are four air penetrations of the Containment associated with this
system, a supply and an exhaust penetration into both the upper- and lower

=compartment. Each penetration has two fail-closed isolation valves. (These

valves are normally closed when the purge systems are not in operation.)

The Containment Purge Supply and Exhaust System has a total capacity of
32,000 CFM which affords approximately 1.5 air changes per hour.

The Containment Purge Supply and Exhaust System takes outside air through
intake vents and passes it through medium-efficiency particulate filters (NBS

Dust Spot Efficiency for atmospheric dust, of 50%) and steam "oils when

. necessary prior to discharge into the containment. The upper compartment

purge exhaust plenum draws 11,000 CFM of air through inlets along the

periphery of the refueling canal. The lower compartment purge exhaust plenum

draws 21,000 CFM of air through inlets along the periphery of the reactor
well cavity

The Containment Purge Supply and Exhaust System serves to provide: 1) a

means of reducihg the radiation level 'n the contairTment to a safe value for
containment entry, 2) a continuous airflow through the containment during
refueling operations, 3) heated air to the containment necessary for comfort
o" pe sonnel working in the containment, and 4) a backup means of pressure

relief, in the event that the containment, pressure relief system is out of
service.
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The Containment Purge Supply and Exhaust System is not normally operated.
If, prior to containment entry, the containment radiation monitors indicate
radiation levels in the containment area in excess of the appropriate Federal
regulations for radiation exposure to an individual worker (per 10 CFR 20),
and if it is determined that the radiation level within the containment is at

'a safe level for purging, then the Containment Purge Supply and Exhaust
System is activated to reduce the radiation level within the containment to a

safe value for containment entry.

Zn the unlikely event that radiation levels in the containment are too high
for purging, the Containment Auxiliary Charcoal Filter System may be operated
until radiation levels are low enough fox purging. When the containment
radiation le'vel has been reduced to an acceptable ooint for purging, the
Containment Purge Supply and Exhaust System isolation valves will be opened
and the purge system will be actuated.

The Containment Purge Supply and Exhaust System fans are operated remotely
from the Control Room. The isolation valves close automatically upon a

safety injection signal or a high containment radiation level.

During purge operations, the rate of purge can be controlled by the operator
who has the option of operating any desired combination of the Containment
Purge Supply and/or Exhaust System fans or by repositioning as necessary
volume dampers (the volume dampers are located in the Auxiliary Building) .

Operation in this manner will also provide a means of vacuum relief in the
event of a negative containment pressure. Because containment pressures can
be controlled entirely by operation of the Containment Purge Supply and/or
Exhaust System during purging operations, there will be no need to use the
Containment Pressure Relief System during Containment Purge.
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Purge operation is permitted in all operating modes. For Modes 1 through 4 I

the Cook Nuclear Plant purge estimate goal is two hundred and, forty (240)

hours each year for each unit. This purge estimate is based on a plant
capacity factor of 95X, and accounts for two purge operations per week. Each

purge operation is assumed to be approximately 2 1/2 hours in duration. The

annual 240-hour purge operation time limit amounts to less than 3X of the .

estimated plant operation time in Modes 1 through 4. In Modes 1 through 4

purge operation is limited to one supply and one exhaust flow path.

Reasons to operate the system include the need to improve containment working
conditions, e.g., reduce airborne activity, to perform surveillance and/or
maintenance on a safety-related system or piece of equipment, or to relieve
containment pressure if the containment pressure relief system is out of
service. The purge/vent system is not intended to be used to routinely
control containment atmosphere temperature and humidity. It is intended that
purging and venting times will be as short as possible. Allowing purge

operations in Modes 1, 2, 3, and 4 is more beneficial than a cooldown to Mode

5 from the standpoint of (a) imposing unnecessary thermal. stress cycles on

the reactor coolant system and its components and (b) reducing the potential
for causing unnecessary challenges to the reactor trip and safeguards

systems. The containment purge system is designed in accordance with the

requirements of NRC Branch Technical Specification CSB 6-4, Rev. 1. This

includes, but is not limited to, an analysis of the impact of purging on ECCS

performance, an evaluation of the radiological consequences of a design basis
accident while purging, and limiting purge operation to using no more than

one s'upply path and one exhaust path at a time. The purge isolation valves

have been demonstrated capable of closing against the dynamic forces

associated with a loss-of-coolant accident and are assured of receiving a

containment ventilation isolation signal. Reset switches have been protected

against inadvertent use in a manner which facilitates the administrative
controls governing their use. The purge and vent isolation valves do not use

resil'ieht seating/sealing material and are not subject to the type of
environmental degradation common to resilient materials.
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Insrrum ntation Room Puree uoolv and Exhaust S s em

The Containment Instrumentation Room is isolated from the general Containment

atmosphere and has a separ'ate and independent purge system consisting of a

1000 CFM supply unit and a 1000 CFM exhaust unit.

The supply unit draws outdoor air through an intake 'ouver, passes it through

a medium-efficiency particulate filter and electric blast coil heaters and

discharges it into the Containment Instrumentation Room. The exhaust unit
draws air from the Containment Instrumentation Room, passes it through both,
high efficiency particulate air (HEPA) and charcoal filters and discharges it
to the unit vent where it is monitored before release. This operation
affords approximately 3-1/2 air changes per hour for the Containment *

Instrumentation Room.

I'oththe Containment Instrumentation Room purge supply and purge exhaust

penetrations have two isolation valves similar in type and function to those

provided for, the Containment Purge Supply and Exhaust System.

Containment Pr sure R lief S s em

Containment pressure relief is provided by a. 1000 CFM exhaust unit composed

of a fan, a HEPA filte and a charcoal filter. This system is located in the

Auxiliary Building. There is a single penetration of the containment barrier
for this system with two, isolation valves similar in type and function to
those provided for the Containment Purge Supply and Exhaust System.

A flow diagram of the Containment Pressure Relief System is shown in
Figure 5=.5-2. The system fan draws containment atmosphere through a

register in the upper compartment where, prior to discharge to the plant
vent, it is passed through a filter unit containing both HEPA and

charcoal filters. Additional features of the system design include two

isolation valves, an automatically operated flow regulating damper
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which limits flow through the filters to l000 cfm, a backdraft damper in the
duct to the unit vent to prevent back low from the unit vent into the

I

containment, and a bypass path around the fan so that containment pressure
relief can be orovided in the event the pressure relief unit fan fails to
start.

The system can be operated manually from the Control 'Room any time that
containment pressure exceeds ambient. 'However, if the containment pressure
should reach 0.2 psig, an alarm will sound in the control room to alert the

operator to actuate the system.

The operator act,ion required to actuate the system consists of opening the
normally, closed isolation valves and starting the fan motor. Such operator
action will limit the containment internal pressure to less than 0.3 psig for
normal atmospheric, fluctuations.

Mhenever operation of the Containment Pressure Relief System occurs, the

containment atmosphere will always, be exhausted through the charcoal and HEPA

filters in the unit. This should be sufficient to prevent any adverse

radioactivity from being exhausted to the environment. The Containment

Pressure Relief System isolat'on valves automatically close on upon reciept
of a containment ventilation isolation signal. This will prevent any further
release of adverse radioactivity to the environment.

The containment pressure relief system is intended for use only for normal

operation when it is necessary to reduce internal containment pressure. It
's not intended for use when the Containment Purge Supply and Exhaust Systems

are operating, since the Containment, Purge Supply and Exhaust fans themselves

provide the necessary means of controlling internal containment pressure.

. The Containment Purge Supply and Exhaust Systems provide a backup means to
relieve containment pressure, in the event that the containment pressure

!

relief is out of service. It exhausts through HEPA filters to the plant
vent .
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Containment instrumentation Room Ven ilation S stem

The in-core instrumentation room is an isolated sector of the lower
I,

compartment. The temperatures in the room are controlled by two free-
standing, 9,600 cfm recirculation ventila'tion units (1 standby) . Each unit
is composed of a fan, water cooling coil and electric blast coil heaters.
The water for coils is supplied by the non-essential service water system.

Mater flow is regulated in the same manner as for the upper compartment

ventilation units. Maximum water flow per unit is 50 gpm. (Flow rate may be

exceeded during ventilation unit flushing operations.)'he instrumentation
room is kept at a constant temperature of approximately 90 F during plant
operation.

on ainmen A xilia h r 1 Fil er S s m

This system consists of two 8000 cfm fan-.filter units located in the lower

containment compartment. Each unit contains both high efficiency particulate
air and charcoal filters, for reduction of fission product particulate
activity which may be airborne 'n the lower compartment.

The containment atmosphere is mon'ito'red for radioactivity during reactor
power operation, and the number of auxiliary charcoal filter units i'

operation (none, 1, or 2) depends on the airborne activity levels observed.
)

Con inment Air Recircula i n H dro en Skimmer

The containment air recirculation/hydrogen skimmer system is the only safety
related ventilation system within the containment. This system functions

only in the event of a hi-hi containment pressure signal. Zt consists of two

redundant independent systems which include fans, back draft dampers, valves,

piping and ductwork.
1

Both containment air recirculation hydrogen skimmer system fans are

located in the upper volume. The fans discharge, via the annular space

5.5-11 July, 1997



between the crane wall and the Containment ''ner, nto the ower

compartment. .he fans are provided with back draft dampe"s cn t"..e

d'scharge to prevent back low dur ng ''.".':'a'lowdo~z.

.='gure 5.5- shows the var'ous components of th's system anc ."-ig re

5.5-3 shows the recirculation E'ow patterns that are created bv this
system. The system includes provisions .'or providing both 1) genera

recirculat'on oE containment atmosphere between the upper and lower

compartments Eollowing a loss-of-coolant accident, and 2) prevent'ng
the improbable accumulation oE hydrogen 'n restr'cted areas with'n the

containment following a loss-of-co'olant acc'dent.

The potential areas of hydrogen pocketing are the top of the containment

dome, and the lower compartment enclosures which include the three rooms

'n the annular space between the crane wa'' and the 1'ner, the steam

generator enclosures, and the pressurizer enc'osure. Hydrogen pocket-

ing is prevented by continuously drawing air out of the top of each ot
the above areas at such a rate as to limit the potential local hydrogen

concentration to less than 4X by volume.

Each of the two independent systems fan has 'ts own intake system

composed of three separate headers. These headers draw 39,000 CFN

'from the upper compartment 'n the immed'ate vicinity.of the fan, draw

1,,000 CPA from the upper compartment at the top of the dome, and draw

air from the potential hydrogen pockets in t'e lower compartment (this
's the hydrogen skimmer header). Each header has volume control
dampers in the line or at the air intake to balance flow. The

hydrogen skimmer header's composed of two pipe branches, one which
draws 500 CPM from the top of each double steam generator encLosure

a..d pressur'zer enclosure and one wh'ch draws 100 CRt from each or

three rooms 'n t'e annu'ar space. There 's a norma'v closed,
=otor-operated hy""oge.. sk'=er va've on each

header to prev nt .'ce concenser bvpass during
V

~vdeogea
'a''owdown ~
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requiring the operator to actuate the Containment Pressure Relief System when

the internal containment pressure reaches 0.2 psig assures that internal
containment pressure will never reach 0.3 psig during normal plant
operations.

The automatic air-operated damper in the Containment Pressure Relief System

provides a means of maintaining a constant air flow through the charcoal and

HEPA filters in the unit. Regulation of the flow in this manner will
optimize the iodine absorption capability of the impregnated activated
charcoal by limiting the face velocity through the charcoal filters, thus

providing a minimum residence time of airflow of 0.25 seconds in each of the

six 2-inch deep charcoal beds in this unit.

The HEPA and charcoal filters in the Containment Pressure Relief System have

an exceedingly high capability for removal of both airborne particulate

!

matter and airborne radioactive iodine. The Containment Pressure Relief
System has more than adequate capacity for retention of both particulates and

iodine for the intended use of the system. The impregnated activated
charcoal has a minimum absorption capability of 2.5 mg. of iodine for every

gram of charcoal ]total charcoal in this unit is a minimum of 37,100 grams) .

The single 24" x 24" x 12" HEPA filter is capable of holding at least 4

pounds of NBS Cottrell Precipitate Standardized Test Dust at a pressure drop

of no more than 2.0 inches w.g.

5.5.5 INCXDENT CONTROL

Xn the event of an incident the two independent Containment Air
Recirculation/Hydrogen Skimmer System fans automatically start within 9 z 1

minutes after initiation of 2/4 hi-hi containment pressure signals. The

operation of either fan ensures the reduction of the containment pressure to
the limits described in Chapter 14.
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At the same t,ime the Ai Recirculation/Hydrogen Skimmer fans start, the
hydrogen skimmer valves in the two Containment Air Recirculation/Hydrogen
Skimmer headers open, thus caus'ing the Air Recirculation/Hydrogen Skimmer,
System fans to continuously purge all potential hydrogen pockets in the
Containment„.

All other Containment Ventilation Systems are not designed for operation
during a loss of coolant accident.

The occurrence of a High Containment Radiation Signal from the upper
compartment area or lower containment particulate/radiogas monitors will
automatically trip the purge fans and close all ventilation system isolation
control valves, thus isolating the'ontainment.

5.5.6 MALFUNCTION ANALYSIS

Sufficient redundancy ex'sts in all recirculation ventilation systems to
ensure a normal operation with one active component out of service.

The two filter cleanup units provide redundancy for small leakage rates. ;he
Containment Purge Supply and Exhaust System is fitted with dual supply and
exhaust fans. Simultaneous failure of a supply and an exhaust fa'n -would

result in an BO-minut purge rate.

The Containment Ai Re"'=ulation/Hydrogen Skimmer fCEQ) Systems a e two
redundant systems that ar cooled from a common Component Cooling Hater

(CCN,'eader.

The loss'f either CEQ system or any component of either CEQ system
will not impair system operation. ,1n the event that flow to the CCW header
is lost, procedural guidance is in place to ensure that it is expediently
restored.

The Containment Purge Supoly and Exhaust System is available for relieving
containment pressure in the event that the containment pressure relief system
is out of service.
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5.5.7 TESTS AND INSPECTION

All systems are inspected, tested and balanced upon installation. Charcoal

and particulate filters are individually tested before shipment, upon

in'stallation and periodically thereafter as required. Replacement filters
will'e tested in the same manner.

The Containment Air'ecirculation/Hydrogen Skimmer fans were tested during
installation and are tested periodically to ensure proper functioning. The

initial test of these fans were conducted at both no flow and full flow,
verifying the fan capability to deliver the required amount of air. The

periodic fan tests are conducted at no flow to assure that the fan is still
operable.
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5 '.2 INITIALCONTAINMEÃI'PREMPERATIONAL) LEAKAGE RATE TESTS

Integrated Leaka e Rate Tests

After completion of the containment and after loading the ice condenser,

an integrated leakage rate test was carried out using a test procedure

which was written using the American National Standard - ANSI N45.4-1972

and 10 CPR 50, Appendix J as guidelines.

The integrated leakage rate tests were conducted with the weld channel

zones open to the containment atmosphere. The contairxnent was pres-

surized to 12 psig, the containment design pressure, using air dried to

a dew point below the coldest temperature in the ice condenser to

eliminate the possibility of'ondensing water vapor during the test.

The design leakage rate under accident conditions is 0.25% of the

, containment free volume per 24 hours.

Sensitive Leaka e Rate Tests

The sensitive leakage rate tests are performed using testing procedures

written for testing liner weld channels and penetrations using 10 CPR 50

Appendix J as a guide.

Since the volumes contained in the weld channels and penetrations are

significantly smaller than the contairment free volume, the test sen-

sitivity is correspondingly greater than that of an integrated leakage

-rate test. 'h'ese tests are conducted with 12 psig in the weld channels

and penetrations and with the containment at atmospheric pressure.
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5.7.3 CONTAINMENT PERIODIC (POST-OPERATIONAL) LEAKAGE RATE TEST

There is a small combined volume of enclosed space in the double barrier
penetration, the penetration weld seam channels and the liner weld channels

installed on the inside of the liner in the containment. Since it is
easy to monitor these small volumes, a sensitive and accurate means of

I

periodically monitoring their status with respect to leakage is provided.

With this provision, there is no need to perform integrated leak rate tests
of the containment vessel unless major maintenance or modifications of the
containment are made. To allow for this possibility, it is permissible to
pressurize the containment vessel to the design pressure.

Observations of the vessel will be made from platforms or by other means

with special attention given to areas of major discontinuities.

Provisions have been made in the design of the Ice Condenser structure to
permit periodic inspection of the containment liner in the a".ea behind the

ice condenser. Inspection of the liner is accomplished through "Inspection
Ports" located around the ice condenser, to permit access to the liner.

Periodic leak testing of the containment is performed in accordance with the

Technical Specifications and 10 CPR 50 Option B Appendix J Type A, B, and C

leak tests. The leak rate test is done to determine the leak tightness of
the containment vessel and containment isolation valves and not to measure

the structural response of the containment. The leak rate test is performed

with the ice in place and at the design pressure of 12 psig.
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Since maximum NPSH and minimum NPSH occur at the runout flow for the pumps,r a
this flow was assumed for calculation purposes. The minimum temperature of

0the refueling water storage tank is 70 F for both units.

The maximum sump temperature considered was 160 F (190 F for Unit 2) during0 0

recirculation for purposes of calculating NPSH . This exceeds the maximum
a

expected sump temperature. Friction losses were calculated using the
conservative pipe and fitting resistances given in the Crane Co. Technical
Paper Number 410.

The containment spray and RHR pumps take suction during the recirculation
phase from the containment sump. The water is at a higher temperature than
during the injection phase, but the elevated containment pressure following
the DBA somewhat offsets the higher vapor pressure of the water. However~, no

Icredit is taken for this elevated containment pressure. ln addition, the
piping to the pump suctions is direct, hence friction losses are small.

En ineer af Fea res om onents a ili

Criterion: J

Engineered Safety Features shall be designed so that the
capability of these features to perform their required
function is not impaired by the effects of a loss-of-coolant
accident (LOCA) to the extent of causing undue risk to the
health and safety of the public.

The majority of the active components of the Emergency Core Cooling System

and the Containment Spray System whose failure would affect the health and

safety of the public are located outside the containment and not subject to
. containment accident conditions. Instrumentation,,motors, cables, and

penetrations located inside the containment which are required to function
are selected to meet the most adverse accident conditions to which they may

be subjected. These items are either protected from containment accident
conditions or are designed to with
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stand without failure, the effects of radiation, temperature, pressure,
and humidity expected during the required operational period for individual
specific accident conditions.

Accident A ravation Prevention

Criterion: Protection against any action of the Engineered Safety
Features which would accentuate significantly the adverse
after-effects of a LOCA shall be provided.

The reactor is maintained subcritical following a LOCA. Introduction of
borated cooling water into the core results in a net negative reactivity
addition. The RCCAs insert and remain inserted, although credit for this is
not taken in the large break analysis (See Subchapter 14.3).

The supply of water by the Emergency Core Cooling System to 'cool the
core cladding does not produce significant water-metal reaction (See

Subchapter 14.3). The delivery of cold emergency core cooling water to the
reactor vessel following a LOCA does not cause further loss of integrity of th

!
reactor coolant system pressure boundary. Accumulator actuation, including
possible nitrogen addition is evaluated in Chapter 14 and is shown not to
aggravate any loss-of-coolant accident (LOCA).

Instrumentation, motors, cables and penetrations located inside the
containment which are required to function are selected to meet the
most adverse accident conditions to which they may be subjected
(Chapter 5 and 7). These items are either protected from containment
accident conditions or are designed to withstand, without failure,
exposure to the effects of radiation, temperature, pressure, and

I

humidity 'expected during the required operational period for individual
specific accident conditions.

Protection, in the form of restraints, supports and physical separation
has been provided for the ECCS to assure no loss of core cooling capability
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Power sources are arranged to permit individual actuation of each active
component of the Emergency Core Cooling System.

Testin of Em r en r olin S st m

Criterion: Capability shall be provided to test periodically the
operability of the Emergency, Core Cooling System up to
a location as close to the core as is practical.

An integrated system test can be performed when the plant is cooled down and

the residual heat removal loop is in operation. This test would not
introduce flow into the Reactor Coolant System but would demonstrate the"
operation of the valves, pump circuit breakers, and automatic circuitry upon
initiation of safety injection.

The accumulator tank pressure and level are continuously monitored during
plant operation and discharge flowpath availability can be checked at anytime
by noting the outlet isolation valve position indication on the main control
board.

The accumulators and the safety injection pipe up to the final isolation
valve are maintained full of borated water at refueling water concentration
while the plant is in operation. The accumulators and injection lines will
be refilled with borated water as required by using the safety injection.

Small filland drain lines are provided for this purpose.

Flows in each of the centrigugal charging and safety injection pump discharge
headers and in the main flow lines for the residual heat removal pumps are
monitored by flow indicators. Pressure instrumentation is also provided for

*6

the main flow paths of the safety injection pump and centrifugal charging
pump headers and residual heat removal pumps. Level and pressure
instrumentation are provided for each accumulator tank.
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Testin of 0 erational Se ence of Emer enc Core Coolin S stem

Criterion: Capability shall be provided to test initially, under
conditions as close as practical to design, the full
operational sequence that would bring the Emergency Core
Cooling System into action, including the transfer to
alternate power sources.

The design provides for capability to test initially, to the extent prac-
tical*the full. operational sequence up to the design conditions for the
Emergency Core Cooling System to demonstrate the state of readiness and
capability of the system. Details of the operational sequence testing
are presented in Section 6.2.5, Test and Inspections.

Codes and Classifications

Tables 6.2-1 tabulates the codes and standards to which the emergency coze
cooling system components are designed.

Service Life Under Accident Conditions

Portions of the system located within the containment are designed
to operate under the most adverse accident conditions without benefit
of maintenance and without loss of functional performance for the
duration of time the component is required following the accident.

fi

6. 2. 2 SYSTEM DESIGN AND OPERATION

S stem Descri tion

The Emergency Core Cooling System is shown in Figures 6.2-1 and 6.2-1A,
and 9.2-1. These figures illustrate the redundancy of components and

j
piping systems.

The operation of the Emergency Core Cooling System, following a loss of
coolant accident, can be divided into two distinct phasess 1) the in-
jection phase in which any reactivity increase attending the ac"ident
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is terminated, initial 'cooling of the core is accomplished, and coolant lost
N

from the primary system is replenished, and 2) the recirculation phase in
which long term core cooling is provided during the accident recovery period.
A discussion of each phase is given below. Accidents analyzed in Chapter 14

assume a pump head degradation from vendor curves of 10% for centrifugal
charging pumps and 15~ for the safety injection and residual heat removal

pumps.

In'ec ion Ph s

The major equipment involved in the injection phase are:

a. Two,centrifugal charging pumps ( a third, positive dis-
placement, charging pump is not involved in the injection system)

b. - Two safety injection pumps

c. Two residual heat removal pumps

d. Four accumulators (one for each loop)

e. Refueling water storage tank (RWST)

The relative importance "of the various pieces of injection equipment is
dependent upon the size and location of the primary system break. For a

large break, the accumulators represent the principle injection. mechanism in
the sense that they are the first piece of equipment to be effective. For

further details see Chapter 14, and Figures 6.2-2 and 6.2.3.

The accumulators, utilizing a compressed nitrogen cover gas, inject borated
water into the cold legs of the reactor coolant piping when the primary
system pressure falls below nominal 600 psig. One accumulator is provided
for each cold leg of the Reactor Coolant System. They are located inside the

containment but outside the missile barrier, and are therefore protected
against credible missiles. Accumulator water level can be adjusted remotely

during normal power operation. Borated makeup water from the refueling water

storage tank is added using a safety injection pump. Water level is reduced

by draining to the reactor coolant
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drain tank. Samples of the solution in the accumulator tanks are taken in
the sampling station for periodic checks of boron concentration. Provisions
are also included for remote nitrogen'akeup. The accumulators are passive
components of the injection system because they require no external source of
power or signal in order to function. The remainder of the major pieces of
equipment comprising the emergency core cooling system are active components
which are actuated by any of the Safety Injection Signals:

a) Low steam line pressure in 2 of 4 steam lines. (Possible steam line
break)

b) High differential pressure between any two steam generators (Possible
steam line break)

c) Low pressurizer pressure (Possible LOCA)

d) High containment pressure (Possible LOCA or steam line break)

e) Manual actuation (the Control Panel includes a switch for each train)

The safety injection signal initiates a reactor trip (this may have already
occurred), starts the diesel generators, opens the boron injection tank
isolation valves and the charging pump refueling water storage tank suction
valves, and starts the centrifugal charging pumps, the safety injection
pumps, and the residual heat removal pumps. In addition, isolation valves on

the volume control tank discharge, charging line, and centrifugal charging
pump minimum flow lines close. Finally, a safety injection'ignal will
produce a phase A containment isolation signal which results in the closure
of the majority of the automatic containment isolation valves, isolating all
non-essential process lines. (See Sub-Chapter 5.4)
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The containment recirculation sump is protected at entry by coarse and fine
screens supported within a substantial frame. Water flowing into the sump

passes through the coarse and fine screens and downwards under the crane

wall. The flow is then turned upwards and enters the twin recirculation
pipes connecting the sump to the RHR and containment spray pumps. The two

sets of grating act as flow straighteners and mitigate vortex formation by

equalizing local velocity differences.

The adjacent containment sump is also equipped with both coarse and fine
screens at its entrance. This sump and the recirculation sump are connected

via an 8" pipe at the bottom of the sumps.

The sump is designed with a large flow area, allowing low water velocities,
such that build-up of debris against the screens is minimized. The low

velocities make it unlikely that air bubbles could be carried into the pump

suction area of the sump. Each recirculation line from the sump is run

outside the containment to a sump isolation valve. This valve is surrounded

with a leak tight steel enclosure and the section of piping joining it to the
sump is run within a guard pipe welded to the valve enclosure. Any leakage

from the sump piping or valve body will be contained and cannot leak into the
atmosphere or cause a loss of recirculation fluid. The pressure relief for
each valve enclosure is routed to the associated residual heat removal pump

room sump. The relief valve set point is 35 psig which is also the design

pressure for the valve enclosure. The drain lines from the enclosures to the
RHR pump room sumps are normally closed. The enclosures are ASME Section ZZZ

Class B vessels which require pressure relief provision.

The sump isolation valves are interlocked with the RHR pump suction supply
valves from the RWST so that the supply line(s) from the sump cannot be

opened until the RHR pump suction valve(s) is (are) fully closed. These

interlocks are train oriented and will prevent air from getting into the RHR

pump suction. Any excessive leakage or passive failure downstream of the
sump valves can be controlled and isolated by closure of the sump valve in

Within the containment, cont'nuity of the liner is assured by welding of the
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sump discharge piping to the liner plate and fitting of a weld test channel

over the seal weld. The liner extends under the sump area to ensure

containment integrity (see Chapter 5).

Chan -Over from In'tion Ph se Recir ulati n Phase

The general sequence, from the time of the safety injection signal, for the

changeover from the injection to the recirculation phase is as follows:

a) First, sufficient water is delivered to the containment to provide
adequate net positive suc'tion head (NPSH) for the residual heat removal

pumps. This is the Refueling Water Storage Tank (RWST) low level
setpoint and corresponds to a volume in the RWST of 131,980 gallons
(tank height 7 feet above lo-lo level setpoint) .

b) Second, the low level alarm on the RWST sounds. At this point, the
operator initiates transfer to recirculation. If all ECCS pumps are

operable, the operator aligns the west RHR pump and wes"'ontainment
spray pump to take suction from the containment sump. Both sets of high
head pumps (centrifugal charging pumps and safety injection pumps), the
east RHR pump and the east containment spray pump continue to take
suction from the Refueling Water Storage Tank.

c) Third, the north and south safety injection pumps and the east and west

centrifugal charging pumps are aligned for cold leg recirculation. They

achieve this by taking suction from the west RHR pump after their
realignment is complete.

d) Finally, the operator completes the switch-over operation by

transferring the suction of the east containment spray and RHR pumps

from the RWST to the containment sump. The operator does not begin this
until the RWST has reached its lo-lo level setpoint (usable water volume

in the RWST of 37,250 gallons) . When reaching this setpoint, the

operator terminates all suction flow from the RWST to the ECCS and

containment spray systems.
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The emergency operating procedures provide detailed sequence for the
changeover from injection to recirculation.

The operator in 'the control room implements the changeover from injection to
recirculation via a series of manual switching operations. An automatic pump

trip will occur once the refueling water storage tank (RWST) reaches lo-lo
level. This protects the residual heat removal pumps aligned to the RWST

from cavitation. The power supply for each pump trip is from an independent
power source. The pump trip and associated circuitry are designed to be

consistent with the remainder of the plant engineered safety features.
Should there be a trip on lo-lo RWST level, the pump can be restarted by
operator action once the RWST suction has been isolated and the recirculation
sump suction opened. This automatic trip feature is a back-up to the manual

switchover.

Following an accident the shortest time when the operator must take action to
perform the necessary switchover results when both trains of ECCS and spray
pumps are in operation at full runout conditions. This situation empties the
RWST at the fastest possible rate, thus requiring the most rapid operator
action to perform the switchover from injection to recirculation.

Earlier studies (Reference 1) have shown the minimum time for the operator to
complete the switchover of the west containment spray pump; the west RHR

pumps; and the north and south SZ pumps is about four minutes (232 seconds).
Subsequent to these studies, the transfer process was modified to include the
transfer of the centrifugal charging pumps prior to transferring the east RHR

t

pump and east containment spray pump. The time to complete the transfer to
cold leg recirculation of the west RHR pump; the west containment spray pump;

- the north and'south SI pumps; and the east and west centrifugal charging
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pumps has increased until it can no longer be fully assured that the operator
is able to complete the transfer of one entire train'f ECCS pumps that is
assumed in the FSAR'.

The valve stroke times for switchover to cold leg recirculation which are
used in the Chapter 14 safety analysis are described in Unit 1, Section 14.1
of this UFSAR. Related information regarding the large break loss of coolant
accident evaluation for a 3 minute SI interruption may be found in Section
14.3.1.1.2 (Unit 2) and just preceding the "Core and System Performance"

,section of 14.3.1 (Unit 1)

e m Break Pro ec i n

Following a steam line break, the reactor control system, in response to the
I

apparent load, would tend to increase reactor power. For larger breaks, a

reactor trip would occur. Continued secondary steam blowdown cools
the reactor coolant causing a positive reactivity insertion. Analyses
described in Chapter 14 indicate that breaks large enough to produce a

reactivity insertion sufficient to cause a return to criticality also produce

'The FSAR analysis assumed the availability of pumped water from one RHR

pump, one SZ pump, and one centrifugal charging pump. This is referred to as
a'train of pumps. When transitioning to cold leg recirculation both the
centrifugal charging pumps align to a common suction, making it impossible
for realignment of only one pump; i.e., both the east and west centrifugal
charging pumps must be realigned at the same time. The same situation exists
for the SZ'umps.

'Following a large break loss of coolant accident, the operator is always
able to transfer'ne containment spray pump and one RHR pump. The operator
is not always able to demonstrate the capability to complete the transfer of
at least one SI. pump and one centrifugal charging pump.
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sufficient depressurization and shrinkage of the primary coolant to initiate
safety injection. The high pressure delivery of boric acid solution by the
centrifugal charging pumps from the RWST then reestablishes adequate shutdown
margin even for the case where the most reactive control rod is stuck in the
fully withdrawn position.

~corn onen s

Ac mu 1 a tors

The accumulators are pressure vessels filled with borated water and pres-
surized with nitrogen gas. During normal plant operation each accumulator is
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isolated from the Reactor Coolant System by two check valves in series'.

Should the Reactor Coolant System pressure fall below the accumulator

pressure, the check valves open and borated water is forced into the Reactor

Coolant System. Mechanical operation of the swing-disc check valves is the

only action required to open the injection path from the accumulators to the
core via the cold legs.

The accumulators are passive engineered safety features because the gas

forces injection; no external source of power or signal transmission is
needed to obtain fast-acting, high-flow capability when the need arises. One

accumulator is attached to each of the cold legs of the Reactor Coolant

System.

I

The design capacity of the accumulators is based on the assumption that the
contents of,one of the accumulators spills'nto the containment floor through
the ruptured loop, and the contents of the remaining accumulators

provides'ufficient

water to fillthe volume outside of the core barrel below the
nozzles, the bottom plenum, and a portion of the core.

The accumulators are carbon steel, clad with stainless steel and designed to
ASME B&PV Code Section IEI, Class C. Connections for remotely draining or
filling the fluid space, during normal plant operation, are provided. The

accumulator design parameters are given in Table 6.2-2.
I

The margin between the minimum operating pressure and design pressure

provides a band of acceptable operating conditions within which the

accumulator system meets its design core cooling objectives, The band is
sufficiently wide to permit the operator to minimize the frequency of
adjustments in the amount of contained gas or liquid to compensate for
leakage. See Table 6.2-8.
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0 0 ect o Tank

The boron injection tank, constructed of carbon steel clad with stainless
steel, is located in the auxiliary building and contains approximately 2X (by
weight) boric acid solution. The tank design parameters are given in Table

6.2-3. The originally supplied tank heaters, pipe heat tracing and

recirculation lines have been disconnected. These support systems to the

tank are no longer required as a high concentration of boric acid solution is
no longer maintained in the boron injection tank.

Wate to a e a

The Cook Nuclear Plant is equipped with two (2) refueling water storage
tanks, one for each unit. I

I

The function of the refueling water storage tank is:

1. To provide sufficient volume of borated water to fill the refueling
cavity for refueling operations.

2. To provide sufficient volume of borated water for emergency (post-
accident) operations. This includes the ability to maintain the
core subcritical during the long term cooling phase of a LOCA, even

in the unlikely event that the control rods do not drop into the
'ore,

3. ~ To ensure that the ECCS pumps are provided with adequate NPSH.
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The tank is maintained with a minimum of 350,000 gallons of borated water
above the bottom of the discharge pipe. This ensures that an adequate amount
of water will be delivered to the sump before the operators begin switching
from the injection mode to the sump recirculation mode of operation. The

switchover is initiated upon receipt of a low level alarm which indicates
that the tank level has drained down to a level which is (nominal) 9 feet - 9

inches above the bottom of the discharge pipe.

A high level "alarm is provided to alert the operator of potential overflow
conditions. A minimum level alarm is provided to assure that 350,000 gallons
of usable water are in the RWST.

The Unit No. 1 refueling water storage tank is heated by means of two 100%

capacity heat tracing circuits with separate thermostatic controls. The tank
is insulated with 2 inch thick fiberglass insulation. A temperature sensor
attached to the outside of the tank will actuate a low temperature alarm in
the control room in the event that the tank temperature falls below the
design basis temperature requirement. The setpoint of the alarm is typically

0set approximately 5 F above the minimum temperature.

The Unit No. 2 refueling water storage tank is heated by means of a

15 gpm pump which recirculates tank water through two electric heaters. The
RWST heating pump operates continuously, when required, with the heaters
energizing automatically on a low RWST temperature signal. The system is
seismic category I with respect to protection of the tank boundary and is
designed to maintain RWST temperature at design basis conditions. The Unit 2

RWST is insulated with 2 inch thick fiberglass insulation, and has a

temperature sensor and alarm similar to that of the Unit 1 tank.

Each tank is equipped with an 8 inch vent and a 10-inch overflow line and a

3-inch return line. The overflow lines terminate in the pipe tunnel. Should
the 8-inch vent become plugged the 10 inch overflow line would maintain
sufficient venting area to prevent any adverse effect on the safety function
of the tank. The 3-inch return line is routed internally in the tank to
enhance mixing of the tank contents.

6.2-.17 July 1997



Missile protection is not provided for the RWST since in the event of tornado

or turbine-missile damage to it, the unit can be safely shut-down without the
RNST and can be maintained shut-down..
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$>~um s

Design parameters for the emergency core cooling system pumps are included in
Table 6.2-5.

The two centrifugal charging pumps are horizontal, electric motor driven

multistage pumps. All parts of the pump in contact with the pumped fluid are

stainless steel or equivalent corrosion resistant material. A minimum flow

bypass line is provided on each pump discharge to recirculate flow to the
volume control tank or the pump suction manifold. This bypass is
automatically isolated upon initiation of safety injection. =- The

minimum'low,

motor-operated valve reopens if the reactor coolant system pressure

increases above 2000 psig to protect the pumps from deadheading.

The two safety injection pumps are horizontal, electric, motor-driven,
multistage pumps. All parts of the pump, in contact with the pumped fluid are

stainless steel or equivalent corrosion -resistant material. A minimum flow
bypass line is provided on each pump discharge to recirculate flow to the
refueling water storage tank in the event that the reactor coolant system

pressure is above the shutoff head of the pumps.

The two residual heat removal pumps are vertical, electric, motor-driven,
single-stage pumps. All parts of the pump in contact with the. pumped fluid
are stainless steel or of equivalent corrosion; resistant material. Pump

minimum flow bypass connection is located downstream of the residual heat

exchanger and the bypass flow returns to the pump suction.

The pressure containing parts of the pumps are stainless steel castings
'conforming to ASTM A-351 Grade CF8 or CF8M, stainless steel castings procured

per ASTM A-743 Grade CA-15 or A-487 Grade CA6NM or carbon steel forgings to
ASTM A-266 Class 1 and ASTM A«181 Grade 1 clad with austenitic steel or ASME

SA-182 Grade F304. Parts fabricated of stainless plate are constructed to
ASTM A-240 Type 304 or 316. The bolting material conforms to ASTM A-193 or
ASTM A-453 Grade 660.
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Materials such as weld-deposited Stellite or Colomony may be used at
points of close running clearances in the pumps to prevent galling and

to ensure long term performance ability in high velocity areas subject
to erosion. Zn other cases wear points are of ASTM A-420 Grade stain-
less steel, heat treated to give the required anti-galling properties.

Pressure containing parts of the pumps were chemically and physically
analyzed and the results are checked to assure conformance with the
applicable ASTM specification. In addition, pressure containing
parts of the pump are liquid penetrant inspected in accordance with
Appendix VZZI'of Section VIIIof the ASME Boiler and Pressure Vessel
Code. The acceptance standard for the liquid penetrant test is the
ASTM Pump a Valve Code.

Pump design was reviewed with special attention to the reliability and

maintenance aspects of the working components. Specific areas include
evaluation of the shaft seal and bearing design to determine that they
are adequate for the specified service.

4

Where welding of pressure containing parts was necessary, a welding pro-
cedure including joint detail was submitted for review and approval by

Westinghouse. This procedure includes evidence of qualification neces-

sary for compliance with Section ZX of the ASME Boiler and Pressure

Vessel Code Welding Qualifications. This 'requirement also applied to
any repair welding performed on pressure containing parts.

The pressure-containing parts of the pump were assembled and hydro-
statically tested to 1.5 times the design pressure for thirty minutes.

Each pump was given a complete shop performance test in accordance with
Hydraulic Institute Standards. The pumps were run at design flow and

head, shut-off head and three additional points to verify performance

characteristics. Where NPSH was critical, this value was established
at design flow by means of adjusting suction pressure.

4
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Heat Exchan rs

The two residual heat exchangers of the Residual Heat Removal System cool the

water from the recirculation sump. These heat exchangers are sized for the

cooldown of the Reactor Coolant System. Table 9.3-2 gives the design

parameters of the heat exchangers.

The residual heat exchangers are designed to the ASME Boiler and Pressure

Vessel Code, Sections III 6 VIII and conform to the requirements of TEMA

(Tubular Exchanger Manufacturers Association) for Class R heat exchangers.

Additional design and inspection provisions include: confined-type

gaskets, general construction and mounting brackets suitable ror the plant

seismic design requirements, tubes and tube sheet capable of withstanding

full shell side pressure and temperature with atmospheric pressure on the

tube side, ultrasonic inspection in accordance with Paragraph N-324.3 of

Section III of the ASME Boiler and Pressure Vessel Code of all tubes before

bending, penetrant inspection in accordance with Paragraph N-627 of Section

III of the ASME Code of all welds and all hot or cold formed parts, a

hydrostatic test duration of not less than thirty minutes, the witnessing of

hydro and penetrant tests by a qualified inspector, a thorough final
inspection of the unit for workmanship and the absence of any gouge marks or

other scars that could 'act as stress concentration points, a review of the

radiographs and of the certified chemical and physical test reports for all
materials used in the unit.

The residual heat exchangers are conventional vertical shell and U-tube type

units (tube sheet down). The tubes are seal welded to the tube sheet. The
I

shell connections are flanged to facilitate shell removal for inspection and

cleaning of the tube bundle. Each unit has a SA-515 GR70 carbon steel shell,
SA-213 TP-304 stainless steel tubes, SA-240 Type 304 stainless steel channel,

SA-240 Type 304 stainless steel channel cover and a tube sheet of forged

steel SA-105 GR.II with 1/4 inch minimum TP-304 weld overlay.
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When the Reactor Coolant System is being pressurized during the normal plant
heatup operation, the check valves are tested for leakage as soon as there is
about 100 psi diffex'ential across the valve. This test confirms the seating
of the disc and provides a quantitative leakage rate measurement which can be

compared with the results of earlier tests. When this test is completed thetest xs comp eted,

discharge line test'alves are opened and the Reactor Coolant System pressure
increase continued. There should be no increase in leakage from this point
on since increasing reactor coolant pressure increases the seating force and

decreases the probability of leakage.

The accumulators can accept some leakage back from the Reactor Coolant System

without compromising their availability. Table 6.2-8 indicates the frequency

that the accumulator level would have to be x'eadjusted as a function of
leakage rate. Tables 6.2-6 and 6.2-7 summarize the single failure analyses

of recirculation phase. Table 6.2-9 summarizes the estimated leakage during
recirculation.*

Emer enc Flow to the Core

Special attention is given to factoxs that could adversely affect the

accumulator and safety injection flow to the core. These factors are

considered in Chapter 14.

6.2'.4 SAFETY LIMITS AND CONDITIONS

imit Co di'tio 0 8 &t 0

The limiting conditions for operation are detailed in the Technical

Specxfx.catxons. These conditions appLy to both active components and tanks

of the Emergency Core Cooling System.

* See footnote, Table 6.2-9

6.2-35
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Limi in Conditions for M int n n

The Technical Specifications also est'ablish limiting conditions governing the
maintenance of Emergency Core Cooling System components during plant
operation. Maintenance on a component is permitted providing the redundant
component is operable and capable of being powered from an emergency power
source.

The design philosophy with respect to active components in the safety
injection and residual heat removal systems is to provide duplicate equipment
so that maintenance is possible during operation without impairment of the
safety function of the systems.

6.2.5 „TESTS AND INSPECTIONS

All active and passive components of the Emergency Core. Cooling System are
inspected periodically to demonstrate system readiness.

The pressure containing systems are inspected for leaks from pump seals,
valve packing, and flanged joints during system testing.

In addition, to the extent practical, the critical parts of the injection
nozzles, pipes, valves and safety injection pumps are inspected for erosion,
corrosion, and vibration wear evidence.

Com onent Tes in

Pre-operational performance tests of the components were performed in the
manufacturer's shop. An initial system flow test demonstrates proper
functioning of the system. Thereafter, tests are performed in accordance
with the provisions of ASME B&PV Code Section XI and, beginning with the 3rd
10 year interval ISI program, pump and valve tests are in accordance with
ASME 0&M Standards and NUREG-1482 to demonstrate that the components are
functioning properly.
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S stem Testin

Testing is conducted during plant shutdown to demonstrate proper automatic
N,

operation of the emergency core cooling system. A test signal is applied to
initiate automatic action and verification made that the safety injection
pumps attain required discharge heads. The test demonstrates the operation
of the valves, pump circuit breakers, and automatic circuitry.

The periodic testing of pumps in the emergency core cooling and containment
spray systems requires a flow of water from the refueling water storage tank.
Demonstration of proper operation of these pumps will also demonstrate the
operability of the line from the refueling water storage tank. Testing
procedures are employed to assure that the motor operated isolation valves
function normally.

The accumulator pressure and level are continuously monitored during plant
operation.

The accumulators, and their injection piping up to the accumulator isolation
valve are maintai.ned full of borated water while the plant is in operation.
The boron concentration is checked periodically by sampling. The

accumulators and injection lines are refilled with borated water as required
by using the safety injection pumps. A small test line is provided for this
purpose in each injection header.

The motor-operated valves in the recirculation suction lines from the
containment .recirculation sump to the RHR pumps are normally closed. At orI

between each major refueling shutdown, the 14" locked open hand valve,.to the
. residual heat<removal pump suction will be closed, the line drained and the

sump valve exercised.
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Flow in each of the main safety injection lines and in the main flow line for
the residual heat removal pumps is monitored by flow indicators on the main

control board. Pressure instrumentation is also provided for the main flow
paths of the safety injection and residua'. heat removal pumps.

0 erational e n Testin

After hot functional testing and prior to initial fuel loading, the Emergency

Core Cooling System plus a portion of the Containment Spray System were

operationally tested. These tests include individual pump full flow tests,
accumulator operation and complete system operational flow tests, with'he
reactor head removed. Hater was supplied from the refueling water storage
tank.

Separate full flow tests were performed for a minimum of one hour to assure
that all safety injection, residual heat removal and containment spray pumps

are capable of sustained operation. The containment spray pump discharge
flow was piped directly to the containment reciiculation sump via temporary
piping. Water was returned to the refueling water storage tanks by the
residual heat removal pumps.

The accumulators were tested by charging the tanks to 100 psig and normal

water level with the isolation valves closed. With the reactor head removed,

the isolation valves were opened and proper performance verified.

A complete operational flow test was performed including the simultaneous

full flow operation of all safety injection pumps, containment spray pumps,

residual heat removal pumps and charging pumps. The purpose of this test was

to demonstrate the proper functioning of the instrumentation and actuation
J

circuits and to evaluate the dynamics of placing the system in operation.
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To initiate the test, the Emergency Core Cooling block switch was moved to
the unblock position thereby allowing the automatic actuation of the

Emergency core cooling system relays from the pressurizer low pressure

signals. A simulated high containment, pressure signal initiated operation of
the Containment Spray System. Special test instrumentation and data obtained

provided information to confirm valve operating times, pump motor starting
times, and delivery rates of injection water to the reactor coolant system.

REFEREN E

1. Appendix Q, Amendment 78 to Unit 2 FSAR, Question 212.36, October, 1978.
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TABLE 6.2-1

AFETY INJECTION YSTEM C DE RE UZREMENTS*~

Q~m~nen ~Cde

Refueling Water Storage Tank Not applicable

Residual Heat Exchanger

Tube Side

Shell Side

ASME B&PV Code Section III Class C

ASME B&PV Code Section VIII

Accumulators ASME B&PV Code Section III 'Class C

Valves ANSI B16.5, MSS-SP-66, and

ASME B&PV Code Section IIZ,
1968 -Edition»

Piping USAS B31.1, 1967 Edition

Boron Injection Tank ASME B&PV Code Section IZI Class C

*
Repairs and replacements are conducted in accordance with ASME Section XI

""Subsequent procurement of equipment as replacement is being done in
accordance with codes and specifications equivalent to the origianl codes and

specfications, updated as appropriate.
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TABLE 6.2-2

CCRQJLATOR'ESIGN PARAMETERS

Number

Type

Design pressure, psig
Design temperatux'e, F

o

Operating temperature, F

Normal pressure, psig
Minimum pressure, psig
Total volume, ft3

Maximum water volume at operating
conditions, ft3

Minimum water volume at operating
conditions, ft3

Boron concentration (as boric acid), ppm

Code

4 per unit
Stainless steel clad/
carbon steel
700

300

120

621.5

585.0

1350

971

921 I2400 to 2600

ASME B6ZV Code Section III Class C

t4
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TABLE 6 2 3

0 0 0 ES G P TERS

Number

Total Volume, gal (also useable volume)

Boron concentration, wt \ (approximately)
Design pressure, psig

oDesign temperature, P

Operating pressure, psig (Zngection Mode)

Operating pressure, psig (Standby)
0Operating temperature, P

Material
Code

1 per unit
900

2735

300

2340

atmospheric

.ambient
SS Clad Carbon Steel
ASME B&PV Code Section
ZZZ Class C
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TABLE 6.2-4

REF ELIN WATER STORAGE TANK DESI N PARAMETERS

Number

Tank Capacity, gal.
Required Capacity, gal.
Design pressure, psig

0Design temperature, F

Normal pressure, psig
0Liquid temperature, F

Inside diameter, ft (approx.)
Straight side height, ft
Material

1 per unit
420,000

350,000

Static head and sloshing
-30 to 100

Atmospheric
70-100

48

31

Stainless Steel
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6.3 ONTAINMENT PRAY SYSTEMS

6.3.1 DESIGN BASES

on ainmen Hea Remov l S s ems

Criterion: Where active'eat removal'systems are needed under accident
conditions to prevent exceeding containment pressure, at
least two systems, each with full capacity, shall be pro-
vided.

Adequate heat removal capability for the Ice Condenser Containment is
provided by two separate Containment Spray Systems and two (redundant)
portions of the Residual Heat Removal System.'he sequential modes of
operation are given in Section 6.3.2.

I

The primary purpose of the Containment Spray System is to spray cool water
into the containment atmosphere in the event of a loss-of-coolant accident to
prevent containment pressure from exceeding the design value. The design of
the Containment Spray System is based on the conservative assumption that the
core residual heat is released to the containment as steam. The heat removal
capability of each Containment Spray System is sized to remove the reactor
residual heat during cool down from operation at 3391 MWt after a loss-of-
coolant accident. The residual heat (during ice melt) plus an undefined

6'nergymargin of 50 x 10 BTU is absorbed by the operation of the Containment

Spray System and the Ice Condenser, respectively. The sizing of the
Containment Spray Systems also provides for absorption of steam leaking
through the operating deck at the maximum long term deck differential
pressure (1/2 to 1 lb per square foot, the pressure required to open the Ice
Condenser doors) . Refer to Chapter 14.3 for Containment Integrity Analysis
including Containmnet Spray System Modelling.

The secondary purpose of the Containment Spray System is the removal of
fission products (radioactive iodine isotopes> from the containment
atmosphere. The Containment Spray System is designed to deliver
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sufficient sodium hydroxide solution which, when mixed with water from the
Refueling Water Storage Tank which contains approximately 1.5X by weight
boric acid (2000 ppm Boron), reactor coolant system water and the melted

ice, gives a final spray'water pH of approximately 9.3 after the spray
additive (NaOH) tank is emptied. The performance of the Containment Spray
System for iodine removal with a single Containment Spray Pump operating
adequately fulfills the requirement of 10 C "R 100 as described in Chapter 14.

s ect on o o a e essu e- educ n ste

Criterion: Design provisions shall be made, to the extent practical,
to facilitate the periodic physical inspection of all
important components of the containment pressure-reducing
systems such as pumps, valves, spray nozzles and sumps.

Where practicable, active and passive components of the Containment Spray
Systems are inspected periodically to demonstrate system readiness. The

I

pressure containing components are inspected to detect leaks from pump seals,
valve packing, flanged Joints and safety valves. During operational testing
of the Containment Spray Pumps, the portions of the system containing pump

pressure are inspected to detect leaks. Design provisions for inspection of
portions of the Emergency Core Cooling System which functions as part of the
Containment Spray System are described in Section 6.2.5.

Criterion: h capability shall be provided, to the extent practical,
to periodically test the delivery capability of the
Containment Spray Systems as close to the spray nozzles
as possible.

'

The Containment Spray Pump test lines are provided to verify flow from the
RWST through the pump discharge. Water is pumped through the Containment

Spray pumps and returned to the Refueling Water Storage Tank from a point
upstream of the two parallel motor operated discharge valves via the
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Spray Pump Test Line which includes a flow meter. The motor-operated valves
in the RHR spray lines downstream of the RHR heat exchangers remain closed

during testing of that portion of the RHR system which is a part of the spray
system. Testing of this flow path is accomplished by a recirculation flow
around the Residual Heat Removal Heat Exchanger.

Test connections are provided downstream of the block valves for checking

(with air) for unobstructed flow through the spray nozzles.

Tes in of nt inm n Pressur -R d cin s ms C m nents

Criterion: The containment pressure-reducing systems shall be designed,
to the extent practical, so that active components can be
tested periodically for operability and required functional
performance.

I

Consideration was given in the system design for provisions to permit
periodic testing of active components. 'Periodic tests are performed to
verify proper component functioning in accordance with the requirements of
thh applicable edition of the ASME OM Standards. Testing of those components

of Emergency Core Cooling System which are used for containment spray
purposes is "described in Section 6.2.5.

T in of 0 ra i nal en of C nt inmen Pr s r -R u in S s ms

Criterion: Capability shall be provided to initially test the
containment pressure-reducing systems under conditions as
close as practical to the design and full operational
sequence that would bring such systems into action,
including transfer to alternate power sources.

The design of the Containment Spray System provides, to the fullest
lppractical extent, the capability to perform an initial test of the full

operational sequence .to demonstrate the state of readiness of those
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sections of tne system which do not function during normal plant
operation. This testing included a full-flow test through special test

onnections which, for test purposes, replaced the check valves before
the nozzles. Transfer to emergency power source was also demonstrated

during this test. Air flow tests through.each of the nozzles was used

for verification of unobstructed flow. The transfer to emergency power

source test and the air flow test through the nozzles are performed

pe riodically.

6+3+2 SYSTEM DESIGN

S stem Descri tion

Adequate containment pressure reduction and iodine removal are provided

by the Containment Spray Systems whose components ope'rate in sequential
modes as follows:

a) 'A'ode. Spraying a portion of the contents of the Refueling
Water Storage Tank into the containment atmosphere using the
Conta'nment Spray Pumps. . During this mode, the contents of
the spray additive tank are mixed into the spray system to
provide adecpxatc iodine removal.

b) 'B'ode. Recirculation of water from the containment sump

by the Containment Spray Pumps through Containment Spray Heat

Exchangers and back to thc containment after the Refueling
Water Storage Tank has been isolated, but while there is
still ice in the Ice Condenser. This spray reduces the

containmcnt atmosphere temperature and prolongs the effective
life of the icc.

c) During the entire 'A'ode and continuing into the 'B'ode,
NaOH is metered into the spray solution by an eductor system,

using the Containment Spray Pump discharge for motive water.
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a. Low pressurizer pressure signal in 2/3 channels. May be

manually blocked below P-11 and's automatically unblocked above

P-ll.

b. High containment pressure in 2/3 channels.

c. Steam line pressure in one steam line (2/3 channels) low in
comparison to the other three steam lines (high steam line pressure

differential) .

d. Steam line pressure low in two out of four steam lines.

e. Manual actuation from one panel mounted switch per train.

These trips're listed in Table 7.2-1.

Tur in G n rat r Tri

A turbine trip is sensed by two out of three signals from low emergency trip
fluid pressure. A redundant 4/4 stop valve closed signal will also indicate
a turbine trip condition. A turbine trip causes a direct reactor trip above

P-7 and results in a controlled short term release of steam to the condenser

which removes sensible heat from the reactor coolant system and thereby
avoids steam generator. safety valve actuation.

The turbine control system automatically trips the turbine generator under

any of the following conditions:

1. Mechanical overspeed trip
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2. Backup overspeed trip (electrical on Unit 1, mechanical on Unit 2)
3. Low condenser vacuum

4. Thrust bearing failure
5. Reactor trip
6. Excessive shaft vibration
7. Moisture separator drain system level high
8. Loss of stator cooling (low flow, low pressure, or high temp.)

9. Safety in]ection
10. High-high water level in steam generator (1/4 loops)
ll. Low bearing oil pressure
12. Manual operation of any of several trip levers
13. Loss of both feed pump turbines ~

14. Low shaft driven oil pump pressure (Unit 1 only)
15. EHC trip system pressure low (Unit 1 only)

I

16. EHC loss of speed feedback (Unit 1 only)
17. Low EHC pressure (Unit 1 on1y)

18. Initiation of AMSAC (ATWS Mitigation System Actuation Circuitry):
less than 25X flow to 3/4 loops and above 40X reactor power

19. Unit or overall differential
20. High exhaust hood temperature at no load (Unit 1 only)

w Feedwater ow

This trip protects the reactor from a sudden loss of its heat sink. The trip
is actuated by a steam/feedwater flow mismatch (1/2) in coincidence with low
water level (1/2) in any steam generator.

w- w Steam Ge e ato Wate ve

The purpose of this trip is to prevent a loss of the reactor's heat sink in
the case of a sustained steam/feedwater flow mismatch of sufficient magnitude
to cause a'ow feedwater flow reactor trip. The trip is actuated on two out
of the th."ee (2/3) low-low water level signals in any steam generator.
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TABLE 7.2-2 (cont'd.)
SHEET 4 OF 6

Desi nation Deriva ion, Function

P-12 2/4 T channels below setpointavg Permits manual block of
safety injection on low
steam line pressure.

Permits or causes steam line
isolation on high steam line
flow.

Blocks condenser steam dump.

P-12 Reset 3/4 T above setpointavg Prevents or defeats manual
block of safety injection on
low steam line pressure.

Prevents or defeats steam
Iline isolation on higb steam

flow.

Permits condenser steam dump.

I
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SHEET 5 OF

TABLE 7.2-2 (cont'd.)

P-13 1/2 turbine first stage pressure
channel above setpoint

~Functio

Inputs to P-7.

P-13 Reset 2/2 turbine first stage pressure
below setpoint

Inputs to P-7.

P-14 2/3 hi-hi steam generat'or level
(any steam generator)

Permits the initiation of:

-Feedwater isolation

-Main feedwater pump trip.
-Main turbine trip.

P-14 Reset 2/3 hi-hi steam generator level
(any steam generator)

Prevents or defeats
initiation of:

-Feedwater isolation.

-Main feedwater pump trip.
-Min turbine trip.

C-1 1/2 Intermediate range
neutron'lux

above setpoint
Blocks automatic and manual
control rod withdrawal.

May be manually blocked
above P-10.

Automatically unblocked
below P-10.

C-2 1/4 Power range neutron flux
above setpoint

Blocks automatic and manual
control rod withdrawal.

C-3 2/4 Overtemperature Delta T
above setpoint

Blocks automatic and manual
control rod withdrawal.

Actuates turbine runback
via load reference.
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TABLE 7.2-5 (cont'd.)

eet
28

29

30

31

Funct on

Volume Control Tank Level Control
Boric Acid Blend Control
Rod Insertion Limit
bT/Auctioneered hT Deviation Alarms

Control
Control
Control
Control

32 T AVG./Auctioneered T AVG. Dev'ation Alarms Control
33

34

35

Steam Generator Le~el Control
Steam Generator Level (Vide Range)

hT & hT - S.P. Recording

Control
Control

Control
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TABLE 7.2-6
REACTOR TRIP SYSTEM INSTRUMENTATION RESPONSE TIMES

FUN TIONAL UNIT RE PONSE TIME

1. Power Range, Neutron Flux
(High and Low setpoint)

2. Overtemperature delta T

Less than
seconds*

Less than
seconds"

or equal to 0.5

or equal to 6.0

3. Overpower delta T Less than or equal to 6.0
seconds*

4. Pressurizer Pressure - low

5. Pressurizer Pressure - High

6. Pressurizer Mater Level - High

Less than or equal to 2.0
seconds

Less than or equal to 2.0
seconds

Less than or equal to 2.0
seconds

7. Loss of Flow - Single Loop
(Above P-8)

8 ~ Loss of Flow - Two Loops
~ (Above P-7 and below P-8)

9. Steam Generator Mater Level
Low-Low

Less than or equal to 1.0
seconds

Less than or equal to 1.0
seconds

Less than or equal to 2.0
seconds

10. Undervoltage - Reactor Coolant
Pumps

11. Underfrequency - Reactor Coolant
Pumps

Less than or equal to 1.5
seconds

Less than or equal to 0.6
seconds

* Neutron detectors are exempt from response time testing. Response time of the
neutron flux signal portion of the channel shall be measured from detector
output or input of first electronic component in the channel.
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TABLE 7'.2-7

ENGINEERED SAFETY FEATURES RESPONSE TIMES

INITIATINGSIGNAL AND FUNCTION RESPON E TIME IN SECONDS

ntainment Pressure - Hi h

a. Safety Injection (ECCS)

b. Reactor Trip (from SI)

c. Essential Service Water System

P surizer Pres r - Low

a. Safety Injection (ECCS)

b. Reactor Trip (from SI)

c.'eedwater Isolation
d. Essential Service Water

S earn Fl w in Tw Steam Lin s
Hi h in i nt with am Line
Pressur Low

a. Safety Injection „(ECCS)

b. Reactor Trip (from SI)

c. Feedwater Isolation
d. Steam Line Isolation

n ainmen Pr ssure - Hi h-Hi

Less than or equal to
27 0 '27 0

'essthan or equal to 3.0

Less than or equal to 13.0'/48.02

Less than or equal to
27 Pl ~ i/27 02,3

Less than or equal to 3.0

Less than or equal to 8.0

Less than or equal to
13.0'/48.0'ess

than or equal to
27.0 ~ /37 0 ~

Less than or equal to 3.0

Less than or equal to 8.0

Less than or equal to 11.0

a. Containment. Spray

b. Steam Line Isolation
c. Containment Air Recirculation

Fan

Less than or equal to 45.0

Less than or equal to 10.0

Less than or equal to 600.0

S m G nei r W r Level

a. Turbine Trip
b. Feedwater Isolation

Less than or equal to 2.5

Less than or equal to 11. 0
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TABLE 7.2-7 (cont'd)
ENGINEERED SAFETY FEATURES RESPONSE TIMES

INITIATING IGNAL AND F TION RESP N E TIME IN SECONDS

6. S am n r or Wa er L vel
~Lw - Low

a. Motor Driven Auxiliary
Feedwater Pumps

b. Turbine Driven Auxiliary
Feedwater Pumps

7. 4160 volt Emer en Bus Loss f
~VI:acCa.

a. Motor Driven Auxiliary
Feedwater Pumps

8. L of Main Fe dw r P m

a. Motor Driven Auxiliary
Feedwater Pumps

9. .R c or Coolan Bus Undervolta e

Less than or equal to 60.0

Less than or equal to 60.0

Less than or equal to 60.0

Less than or equal to 60.0
I

a. Turbine Driven Auxiliary
Feedwater Pumps

Less than or equal to 60.0

Notes:

DEFINITION: The ENGINEERED SAFETY FEATURE RESPONSE TIME (ESF) shall be that time
interval from when the monitored parameter exceeds its ESF actuation setpoint at the
channel sensor until the ESF equipment-is capable of performing its safety function
(i.e., the valves travel to their required positions, pump discharge pressures reach
their required value, etc.). Times shall include diesel generator starting and
sequence loading delays where applicable.

1. Diesel generator starting and sequence loading delays NOT included. Offsite
power available.

'2. Diesel generator starting and sequence loading delays included.

3. Sequential transfer of charging pump suction from the VCT to the RWST (RWST
valves open, then VCT valves close) is NOT included.

4. Sequential transfer of charging pump suction from the VCT to the RWST (RWST,.
valves open, then VCT valves close) is included.
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7.3 CONTROL SYSTEMS

7.3.1 DESIGN BASIS

The reactor automatic control system is designed to reduce nuclear plant
transients for design load perturbations, such that reactor trips will
not occur because of them.

Overall reactivity control is achieved by the combined use of chemical

shim and Rod Cluster Control Assemblies (RCCA). Long-term regulation
of core reactivity is accomplished by adjusting the concentration of
boric acid in the reactor coolant. Short-power changes is accomplished

by moving RCCA's.

The function of the reactor control system is to provide automatic
control of the RCC Assemblies during power operation of the reactor.
The system uses input signals including neutron flux, coolant temper-

ature, and turbine load. The Chemical and Volume Control System (Chapter

9) supplements the reactor control system by the addition and removal of
varying amounts of boric acid solution.

When the reactor is critical, the best indication of the reactivity status
of the core is the position of the control rod groups in relation to power

and average coolant temperature. There is a direct relationship between

control rod position and power and it is this relationship which

establishes the lower insertion limit calculated by the rod insertion
limit monitor which is described in Sub-Chapter 7.2.

. Any unexpecte'd change in the position of the control group under

automatic control, or a change in coolant temperature under manual

control provides a direct and immediate indication of a change in
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the reactivity status of
to determine the coolant

the core. In addition, periodic samples are taken
boron concentration whose variation during core life

provides a 'further check on the reactivity status of the reactor including
core depletion.

The reactor control system is designed to enable the reactor to follow load
changes automatically when the output is above approximately 15 percent of
nominal power. Control rod positioning may be performed automatically, when

plant output is above this value, and manually at any time.

The operator is able to select any single bank of rods for manual operation.
This is accomplished with a multiposition switch so that he may not select
more. than one bank. He may also select automatic reactor control, in which
case the control banks can be moved only in their normal sequence with
program overlap. As one bank reaches 128 steps, the next bank begins to
withdraw.

The system enables the nuclear unit to accept a step load increase of 10

percent and a ramp increase of 5 percent per minute within the load range of
15 percent to 100 percent without reactor trip subject to possible xenon
limitations. Similar step and ramp load reductions are possible within the
range of 100 percent to 15 percent of nominal power except for between 40% to
25% where AMSAC limits the decrease to approximately 2%/min.

The control system is capable of restoring coolant average temperature to
within the programmed temperature deadband, following a scheduled or
unexpected change in load.

The pressurizer water level is programmed as a function of auctioneered
coolant average temperature. This minimizes the demands on the chemical and
volume control and waste disposal systems resulting from coolant density
changes during loading and unloading.
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heaters, which are used to control small pressure variations due to heat
losses, including those due to a small continuous spray in the pressurizer,
and backup heaters which are turned on when the pressurizer pressure
controller signal is below a given value.

A spray nozzle is located in the upper portion'f the pressurizer cavity.
Spray is initiated when the pressure controller signal is above a given set
point, and spray rate increases proportionally with increasing pressure.
Steam is condensed by the spray which will return the pressurizer pressure to
its Program Value. A small continuous spray is normally maintained to reduce
thermal stresses and thermal shock and to help maintain uniform water
chemistry and temperature in the pressurizer.

Three pressurizer power relief valves limit system pressure for large load
reduction transients.

Three spring-loaded safety valves limit system pressure should a complete
loss of load occur withou't direct reactor trip or steam dump actuation.

Pr ssurizer L vel on rol

The water inventory in the Reactor Coolant System is maintained by the
Chemical and Volume Control System. During normal plant operation, the
pressurizer level is controlled by the charging-flow controller which
controls the charging flow control valve or the positive displacement
charging-pump speed to produce the flow demanded by the pressuiizer-level
controller.* The pressurizer water level is programmed as a function of
coolant average temperature. The pressurizer water level decreases when load
is reduced. ..This is the result of coolant contraction following programmed
coolant temperature reduction from full power to low power. The programmed
level is designed to match as nearly as possible the level changes resulting
from the coolant

The positive displacement charging pumps are not currently used for
plant operations.
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.temperature changes. To permit manual control of pressurizer level during

startup and shutdown operations, the charging flow can be manually regulated

from the control room.

Secondar S stem Control

The secondary system includes the steam from the steam generators and the

condensate and feedwater systems.

Steam Dum

The steam dump system is designed to relieve steam from the steam generators
to the condenser thus reducing the sensible heat in the primary system 'n the
event of net load reduction not exceeding 50 percent.

The steam dump design capacity is 40 percent of full load steam flow at
full load steam pressures. All steam dump steam flows to the main condensers

via the steam lines.

When a load rejection occurs, if the difference between the required
temperature set point of the Reactor Coolant System and the actual average

temperature exceeds a predetermined amount, a signal will actuate the steam

dump to maintain the Reactor Coolant System temperature within control range

un= a new equilibrium condition is reached.

The steam dump flow reduces proportionally as the control rods act to reduce

the average coolant temperature. The artificial load is therefore removed as

the coolant average temperature is restored to its programmed equilibrium
value. C
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7.4 CLEAR INSTRUMENTATION

7.4.1 GENERAL DESIGN CRITERIA

ss on Proces o to s and Controls

Criterion: Means shall be provided for monitoring or otherwise
measuring and maintaining control over the fission process
throughout core life under all conditions that 'can
reasonably be anticipated to cause variations in reactivity
of the core.

The primary function of nuclear instrumentation is to safeguard the reactor
by monitoring the neutron flux and generating appropriate trips and alarms
for various phases of reactor operating and shutdown conditions. It also
provides a secondary control function and indicates reactor status during
startup and power operation. The Nuclear Instrumentation System uses

information from three separate types of instrumentation channels to provide
three discrete protection levels. Each range of instrumentation (source,
intermediate, and power) provides the necessary overpower reactor trip
protection required during operation in that range. The overlap of
igstrument ranges provides reliable continuous protection beginning with
source level through the intermediate and low power level. As the reactor
power increases, the overpower protection level is increased by
administrative procedures after satisfactory higher range instrumentation
operation is obtained. Automatic reset to core restrictive trip protection
is provided when reducing power.

Various types of neutron detectors, with appropriate solid-state
~ electronic circuitry, are used to monitor the leakage neutron flux
from a completely shutdown condition to 120 percent of full power.

- Because of the wide range of neutron flux, monitoring with several
ranges of instrumentation is necessary. The lowest range ("source"
range) covers six decades of leakage neutron flux. The next range
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(" Intermediate" range) covers eight decades. Detectors and instrumentation
are chosen to provide overlap between the higher portion of the source range

and the lower portion of the intermediate range. The highest range of
instrumentation ("power" range) covers approximately two decades of the total
instrumentation range. This is a line~r range that overlaps with the higher
portion of the intermediate range. The power range channels are capable of
recording overpower excursions up to 200 percent of full power.

The system described above provides control room indication and recording of
signals proportional to reactor neutron flux during core loading, shutdown,

4

startup and power operation, as well as during subsequent refueling. Start-
up-rate indication for the source and intermediate range channels is provided
at the control board. Reactor trip and rod stop control and alarm signals
are transmitted to the Reactor Control and Protection System for automatic

I

plant control

7.4.2 NUCLEAR INSTRUMENTATION SYSTEMS 'DESIGN AND EVALUATION

A comprehensive discussion of the Nuclear Instrumentation System (NIS),
covering design bases and 'a detailed description of the system, can be found

in Reference 7. In addition, two neutron flux monitoring channels have been

added to Units 1 and 2 for indication purposes only. Both channels have been

qualified for post accident, monitoring. Wide range and source range flux
indication is provided by both channels in the control room and one channel

also provides source range flux indication on a local shutdown indication
'\

panel. The neutron flux monitoring channels that were added perform none of
the tripping or protective functions described in Section 7.2.2. Both

channels can be configured to provide backup monitoring for the Source Range

channels during shutdown conditions.
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En in red f t F ures nd Associa d S em Actuation

Table 7.2-1 includes the engineered safety features and associated systems

actuation signals.

En in re af Featur s Vital Fun i n

The engineered safety features actuation system automatically performs the
following vital functions:

a) Starts operation of the Safety Injection System upon:

1. Low pressurizer pressure
2. High Containment pressure
3. High differential pressure between steam lines
4. Low steam line pressure

(

I

b) The Safety Injection Signal will also:
1. Initiate Phase "A" containment isolation (A) and containment

ventilation isolation (CVI)

2. Initiate main feedwater isolation
3. Actuate the auxiliary feedwater system

4. Start the diesel generators

c) Closes the steam generator main steam stop valves on:
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I

High-High containment pressure or low steam line pressure or high
steam line flow coincident. with low-low Tavg.

d) Initiates the Containment Spray System and a Phase "B" containment
isolation (B) on a hi-hi containment pressure signal.

R s Ca bili

To allow for post incident recovery flexibilityas well as recovery from
spurious actuation, push buttons are provided to reset the following

'ctuatingsignals:

a) 'Safety Injection
b) Phase "A" Containment Isolation
c) Containment Ventilation Isolation
d) Steam Line Isolation
e) Phase "B" Containment Isolation
f) Containment Spray

g) Feedwater Isolation

Each of these reset push buttons has an alarm to indicate that it has been
pushed and a sealed cover to prevent its inadvertant use.

En in r f F ur s alibra i n an T st

The engineered safety features actuation channels are designed with
sufficient redundancy to provide the capability for channel calibration and
test during power operation. Except for containment spray actuation, removal

J»

of one actuation channel for test is accomplished by placing that channel in
a tripped mode; i.e., a two out of three matrix logic becomes a one out of
two matrix logic. Testing does not trip the system unless a trip condition
occurs in a redundant channel.
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F dwa r Isolation

Any safety injection signal will isolate the main feedwater lines by closing
the flow control and isolation valves, tripping the main feedwater pumps

,
and closing the pumps'ischarge valves.

Main S earn Isol i n

Protection against a steam line break is provided by safety injection
actuation, feedwater isolation - to prevent excessive cooldown of the primary

4

side, and main steam isolation - to prevent tt.e uncontrolled blowdown of more

than one steam generator. Closure of the steam line isolation valves is
initiated by the signals previously described in section 7.5.2 and included
in Table 7.2-1 as part of an automatic actuation system designed to meet „the

)

requirements for protective systems as described in sections 7.2.1 and 7.5.2.
Main steam isolation may also be initiated manually from the control room.

En ine r d f F atures Ins rumenta io

The following describes the instrumentation which ensure monitoring of the

Engineered Safety Features.

I e ondens r In r m n ti n

The ice condenser instrumentation serves to monitor the operation of
the equipment and the ice bed status by providing to the operator the control
room information listed below. These features are informative but are not

required for proper ESF action.
I
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a) Temperature Measurements:

The monitoring of ice bed temperatures provides information to the
operator about possible thermal gradients as well as the general
ice bed condition. The temperature recorder is located in the

control room. The recorder"monitors 96 independent temperatures.

The recorder is provided with alarm switches and the alarm is
activated if a preselected temperature set-point is exceeded.

The thermal status of ice condenser floor cooling and wall duct

panels is monitored at 32 sensing points which are recorded by an

additional recorder in the control room.

b) Door Position Indications:

The 48 lower inlet doors are arranged in pairs to cover the 24

openings.. Each door has two limit switches which monitor its.
position. One of each door's switches is wired to an individual
status lamp on the CAS sub-panel. The 48 remaining switches are

connected in parallel to a common annunciator on the SV panel in
the control room. Thus, if any door is open there will be an alarm

in the control room and the identity of the open door or doors can

be determined by observing the status lamps.

The lo~er personnel access door also has two limit switches. One

lights a status lamp on the CAS sub-panel and the other actuates

its own annunciator on panel SV in the event the door is opened.
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water pumps. This level control function involves remote manual

positioning of auxiliary feedwater flow control valves in order to
maintain proper steam generator water level. Steam generator water

level indication and controls are located in the control room and at a

''Hot Shutdown Panel located in the other unit's control room.

Motor and Valve Control

For starting pump motors, the control relays are energized to energize
the closing coil on the circuit breaker or the motor starter. When

motor starters are used the starter operating coil will be supplied
by power from the same source as the motor. When circuit breakers are

used for motor control the circuit breaker closing and trip coils will
be supplied by power from a 250-volt d-c battery bus described in
Chapter 8.

For valve motor control, the control'elay causes the coil of the main-
contactor for the actuating circuit to be energized.

Air actuated containment isolation valves are spring loaded to close
upon loss of air pressure.

Environmental Ca abilit

The engineered safety features instrumentation and equipment inside
the containment is designed to operate under the credible accident
environments of a steam-air mixture'nd radiation.

Table 7.5-2.lists the equipment both inside and outs/de containment

exposed to harsh environments which is required for post-accident
operation and indicates whether each is an initiation and/or long-
term r'ecirculation time span required component.
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Failure of the equipment identified in Table 7.5-2 after the specified time

will not increase the severity or consequence of the accident.

The reactor protection control and instrumentation equipment and electrical
equipment for engineered safety features located in the auxiliary building
will operate in a normal ambient environment following a postulated accident.

A "type" or "similar component" environmental testing program has

been completed on the equipment exposed to harsh environment and used for
engineered safety features. The current results of this testing are

presented in response submittals to Inspection and Enforcement Bulletin 79-

01B, "Environmental Qualification of Class lE Equipment".

Figures 7.5-2 and 7.5-3 give the Chapter 14 accident analysis envelope

required for predicted in-containment post-LOCA and in-containment Main Steam

Line Break (MSLB) conditions, respectively. Outside containment equipment

locations and associated environments are discussed in Sub-Chapter 14.4.

Tables 3.3-11 (Unit 1) and 3.3-10 (Unit 2) in the Technical Specifications
provide details of the minimum number of channels of post-accident monitoring
instrumentation that are required.

7.5-20 July 1997



Table 7.8-1 (sheet 1 of 2)
TYPE "A" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

— ~ DURING AND FOLLOWING AN ACCIDENT

Parameter

A-1 Centrifigal
Chg. Pump
Flow (CCP)

h-2 RCS pressure
(wide range)

h-3 S/G Pressure

A-4 Containment
Mater Level

A-5 S/G Level
(narrow range)

~ueuet ot
Channels

2

12

12

Rancae

0-200 GPM

0-3000 psig

0-1200 psig

t
599'-3" to

614'levation(cont.
floor to max
flood level)
From below 1st
stage separator
to 2nd stage
separator

~nia la
~Lacat on

Control Room
Panel SIS

Control Room
Panel RHR

Control Room
Panel SG

Control Room
Panel RHR

Control Boom
Panel SG

~cue oee

Maintain pressurixer
level during S/G tube rupture

Manual trip of RC pumps
based on RCS pressure

Determination of required
core exit temperature by
S/G Pressure

Determination of adverse
containment

Manual reduction of ECCS
flow (secondary heat
sink capability)

A-6 Pressurizer
Lev.

h-7 Containment
Area Radiation
monitor high
range

0-100%
(964 of total
flow)

1 R()(R to
1X10 I R/HR

Control Room Manual reduction of ECCS
Panel PZR . flow

Control Room Determination of adverse
Panel RMS containment

h-8 - Containment
Pressure
(narrow range)

-5 to +12 psig Control Room Manually establish or
Panel SPY trip containment spray
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Table 7.8-1 (sheet 2 of 2)
TYPE "A" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

Parameter Num~r of
g~hnn~ls

~ancae ~Dis la
~Loca ioo

~Pur osa

A-9 Auxiliary
Feedwater
Flow

A-10 RWST Level

A-11 Degrees sub-
Cooling

A-12 Core Exit
T/C'

A-13 CCP Breaker
Status-

A-14 SI Pump
Breaker Status

NA

T/C
1-65

0"250 x 10~
PPH

Essentially top
(bottom of over-
flow) to bottom
(100< of total
volume)

-50"F Superheat
to +350'F
Subcool

200-2300"F

OPEN/CLOSE

OPEN/CLOSE

Control Room
Panel SG

Cotrol Room
Panel SPY

Control room
- Panel BA

Control Room
Panel FI
(U-1) Panel
RMS (U-2)

Control Room
Panel BA

Control Room
Panel SIS

Manual reduction of
ECCS flow (secondary
heat sink capability)
Manual transfer to
cold leg recirculation
on low level in RWST

Manual trip or reduction
of pressurizer spray and
ECCS flow

Manual reduction of ECCS
Flow

Manual trip of RCPs

Manual trip of RCPs

A-15 Safety Injection 2
Pump Flow

0-800 GPM Control Room
Panel SIS

Manual trip of RCPs
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Table 7.8-3 (sheet 1 of 2)
TYPE NCN VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

~Parse ter ~Number S

~Charm ls
Rancae ~Dis la

Location
Ppur pose

C-1 Core Exit
Temperature

C-2 Radioactive
Concentration
or Radiation
Level in
Circulating
Primary Water

C-3 Analysis of
Primary Coolant
(gamma spectrum)

C-4 RCS Pressure

C-5 Containnment
Pressure

(See Item A-12)

NA ~

(See Item C-2)

(See Item A-2)

(See Item A-8 and B-13)

NA

Fuel Cladding

Reactor Coolant Pressure
Boundary

C-6 Containment
Sump Water
Level

(See Item B-12)

C-7 Containment
Area Radiation

(See Item A-7)

C-8 Effluent
Radioactivity-
Noble Gas
from Condenser
Air removal
System Exhaust

9E-07-to
9E+04
uCi/CC

Control Room
CT-1 Control
Terminal

C-9 RCS Pressure (See Item A-2)
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Table 7.8-3 (sheet 2 of 2).
TYPE "C" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

Parameter

Containment
Hydrogen
Concentration

Number of
~Chaos is

9 s'.

Rancae

0- 30
Volume %

~Dis la
~Lo ation

Control Room
Panel IV

~Pur ose

Containnment
Pressure

(See Item A-8 and B-13)

Containment
Effluent
Radioactivity-
Noble gases
from Identified
Release Points

9E-07 to
9E+04
uCi/cc

Control Room
CT-1
Terminal

Effulent
Radioactivity-
Noble Gases (from
Buildings or Areas
where Penetrations
and Hatches are
located, eg.
Secondary

~ Containment and
AUX Buildings that
are in direct
Contact with Primary
Containment

(see Item C-12)
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Table 7.8-4 (sheet 5" of 5)
TyPE "D" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

Parameter Number of
Channels

Rancae ~Die la
Location

~Pus use

D-32b 4KV Safety
Related
Power Systems
Status

0-150V Control Room
Panel SA

D-32c 250VDC
Battery Power
System Status

0-300V Contr'ol Room
Panel SA

D-32d 120VAC Safety
Related Power

~ Systems Status

D-32e Instrument
Air Status

0-150V

0-150 psig
0-100 psig
0-60psig
0 160 psig

Control Room
Panel SA

Control Room
Panel SV
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Table 7.8-5 (sheet 1 of.3)
TYPE "E" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

E-1

Parameter

Containment
Area Radiation
High Range

Number of Ra~cae
channel i

(See Item A-7)

~Dis la
~Do a ioo

~Poe ose

Containment Radiation

E-2

E-3a

E-3b

E-3c

E-3d

Radiation
Exposure Rate
(inside buildings
or where areas of
access are
required to
service equipment
important to
safety)

Containment or
Purge effluent
Reactor Shield
Building Annulus

Auxiliary Building

Condenser
Air Removal
System Exhaust

12 .01 to 1000
R/HR
.0001 to 10
R/HR
.001 to 10
R/HR

(See Item E-3e)

(See Item E-3e)

(See Item E-3e)

9E-07
to 9E+04
uCi/cc
0-250 scfm

NA

Control Room Area Radiation
CRT

Noble Gases and Vent
Flow Rate

E-3e Common Plant
Vent

9E-07 to
9E+04
uCi/cc
0-200K scfm

Control room
CT-1 Control
Terminal

E-3f Vent from
S/G Safety
Relief valves

0.-1 to 100
uCi/cc

Control Room
Panel RMS
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Table 7.8-5 (sheet 2 of 3)
TYPE "E" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTONS

DURING AND FOLLOWING AN ACCIDENT

Parameter Number of
~han~nl

Rancae ~Di >~la
~Lo ~ti n

~Per ee

E-3g Other Identified 1
Release Points

9E-07 to
9E+04
uci/cc
U1-0-1500 SCFM
U2-0-4500 SCFM

Control Room
Panel FI

E-4

E-Sa

E-5b

All Identified
Release Points
(except S/G
safety related
valves and
condenser air
removal system
exhaust) Sampling
and onsite analysis

Airborne
Radioactivity
and Particulates
Sampling and
Analysis (portable)

Plant and environs
Radiation (portable)

(See Item E-3e)

NA 1E-9 to 1E-3
uCi/cc
(minimum)

Gamma 1.0E-3 to
1.0E4 R/HR
Beta/low energy
gamma 1.0E-3 to
1.0E4 Rad/hr

NA

NA

Particulates and
Halogens

Environs Radiation and
Radioactivity

E-5c Plant and environs
Radioactivity
(portable)

NA Isotopic Analysis NA

E-6 Wind Direction 0-360" Control Room
Panel Fix
and/or CRT

Meterology
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Table 7.8-5 (sheet 3 of 3)
TYPE "E" VARIABLES PROVIDED THE OPERATOR FOR MANUAL FUNCTIONS

DURING AND FOLLOWING AN ACCIDENT

Parameter Number of
Channels

Rancae ~Dis la
~Loaeioo

~Pur ose

E-7 Wind Speed

E-8 Estimation
of Atmospheric
Stability

E-9a Gross Activity

0-100 mph

-30 to 50"C

1 uCi/ml to
10 Ci/ml

Control Room
Panel Fix
and/or CRT

Control Room
Panel Fix
and/or CRT

NA Accident Sampling
Primary Coolant
and Sump

E-9b Gamma Spectrum 0.050 to 2.05 NA
MeV Isotopic
Analysis

E-9c Boron Content 375 to 2000
ppm

NA

E-9d

E-9f

Chloride Content 2
Chloride Content 3

Dissolved H, or
Total Gas

0.01 to 20 ppm NA
10 to 20,000 ppm NA

0-2000 cc/kg NA

E-9g Dissolved 0

E-9h pH

0-20 ppm

1.0 to 13 ' pH NA

E-10a H, Content NA NA Containment Air
E-10b Q Content

E-10c Gamma Spectrum

NA NA

1 uCi/cc to NA
10 Ci/cc
Isotopic
Analysis
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ELE TRI AL SY TEMS

Section 8 describes the electrical systems and equipment required to generate

power and deliver it to the high voltage system. The systems described

herein consist of two identical units (Units No. 1 and No ~ 2) and include
facilities for providing power to and controlling the operation of
electrically driven plant auxiliary equipment and instrumentation. Figures
8.1-1a and 8.1-1b show the Unit 1 auxiliary electrical one line diagram.

Figures 8.1-2a and 8.1-2b show the interconnections between the plant and its
offsite power sources.

The main generator output of each unit is fed into the transmission network
of the American Electric Power System. While generating, all auxiliary power

is supplied from the generator terminals through the normal auxiliary
transformers (1AB and 1CD for Unit 1 and:2AB and 2CD for Unit 2). Upon

turbine-generator trip, the station auxiliaries are automatically and

instantaneously transferred to the preferred offsite power source auxiliary
transformers (101AB and 101CD for Unit 1 and 201AB and 201CD for Unit 2) to
assure continued power to equipment when the main generator is off the line.

The preferred offsite power source auxiliary system for both units is
arranged so that either the 345MVA, 34.5kV tertiary winding of transformer
No. 4, or the low voltage winding of 150MVA 345/34.5kV transformer no.5

supplies four transformers (101AB and 101CD for Unit No. 1 and 201AB and

201CD for Unit No. 2). Transformer No. 5 has been installed as a full
service alternate to transformer No. 4. Xn addition, the alternate offsite
power source, a 69/4.16 Kv transformer, located at the plant site, has the
necessary capacity to operate the engineered safeguard equipment in one unit
while supplying
safe shutdown power in the other. Essential instrumentation, including
the reactor protection system and the engineered'safety features
instrumentation, is fed from vital instrumentation buses to provide
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continuous monitoring and control. The station batteries provide circui"
breaker control, control room emergency lighting, and operating power for
certain electrically operated valves and vital bus inverters.

8.1 DESIGN BASES

The plant electrical systems are designed to ensure a continuous supply

of electrical power to all essential plant equipment during normal operation

and under abnormal conditions.

8.1.1 GENERAL DESIGN CRITERIA

Performance Standards

Criterion: Those systems and components of reactor facilities which
are essential to the prevention or to the mitigation of
the consequences of nuclear accidents which could cause
undue risk to.the health and safety of the public shall
be designed, fabricated, and erected to performance
standards that will enable such systems and components
to withstand, without. undue risk to the health and
safety of the public, the forces that might reasonably
be imposed by the occurrence of an extraordinary natural
phenomenon, such as earthquake, tornado, flooding
condition, high wind or heavy ice. The design bases
so established shall reflect:

a) Appropriate consideration of the most severe of
these natural phenomena that have been officially
recorded for the site and the surrounding area.

b) An appropriate margin for withstanding forces
greater than those recorded to reflect uncertainties
about the historical data and their suitability
as a basis for design.

Applicable standards and codes as detailed in the Electrical Equipment

Specifications for the D. C. Cook Nuclear Plant have been complied with in

the design, manufacture, and testing of all electrical equipment vital
to the operation of the engineered safety features. Accordingly, elec-
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trical equipment directly related to the operation of the
safety features, or to the safe shutdown of the units has

as Class I, which designation assures compliance with the
criteria as defined for the Cook Nuclear Plant (Reference
the FSAR).

engineered
been designated
seismic Class I
subchapter 2.9 of

The design of all cable trough (trays),and conduit systems vital to the
operation of'the engineered safety features has been analyzed and

documented to assure compliance with the seismic Class I criteria as

defined for the Cook Nuclear Plant. Power, control and inst'rumentation
cabl'ing, motors and other electrical equipment required for operation of the
engineered safety features have been inherently designed to withstand the
effects of-a nuclear system accident or severe external phenomena, as

required by their safety function, thus assuring a high degree of confidence
in the operability of such components should their use be required.

Emer enc Power

Criterion

and safety.

r

. An emergency power source shall be provided and
designed with adequate independency, redundancy,

" capacity, and testability to permit the functioning
of the engineered safety features and protection systems
required to avoid undue risk to the health and safety
of the public. This power source shall provide this
capacity assuming a failure of a single active component.

Each unit has two 3500 kV emergency diesel generators which are individually
capable 'of supplying sufficient power to operate the'ngineered safety
features and protection systems required to avoid undue risk to public health

The diesel generators start automatically and accept load within 10 seconds
after the loss of normal and Preferred Offsite Power Sources to the buses
which supply vital loads.
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The diesel generator capacity is established on the basis of the operation of
engineered safety features during a maximum hypothetical incident concurrent
with a loss of (offsite) power and is adequate for safe and orderly shutdown
of the unit.

All necessary safety features are duplicated and power supplies so arranged
that failure of any one of the applicable buses to energize or failure of one
diesel generator to start, does not prevent operation of a sufficient amount
of equipment to ensure protection of the public.

In addition, the diesel generators may be test started and loaded to
approximately fiftypercent of rated load via the diesel generator load bank
resistors.

Mi il ro i n

Criterion:
i

Adequate protection for those engineered safety features,
the failure of which would result in undue risk to health and
safety of the public, shall be provided against dynamic
effects and missiles that might result from plant equipment
failures.

II

The applicable portions of the Missile Protection Criteria as stated in
Section 1.4 apply to Class I equipment in this chapter.

8.1.2 FUNCTIONAL CRITERIA

In addition to the aforementioned criteria, the following functional criteria
will be employed to achieve maximum reliability and operating efficiency of
the electrical systems.

a) The main turbine-generator for each unit, described in Section 10, feeds
electrical power at 26 kV through the isolated phase bus to its main
step-up transformer and the unit auxiliary transformers located adjacent
to the "urbine building.
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b) The primary sides of the unit auxiliary transformers 1AB and 1CD for
Unit 1 and 2AB and 2CD for Unit 2 are connected to,the isolated phase
bus at a point between the generator terminals and the low voltage
connection of the main step-up transformer. During normal operation,
station auxiliary power is taken from these transformers. These .

transformers are, each rated 18/24/30 MVA, 26/4.16 kV. The 4160 volt
secondaries feed four independent 4160 volt auxiliary buses of each

unit. The short circuit fault duty of each bus is limited to within the
interrupting capability of the 250 MVA air circuit breakers. This
functional alignment permits limited station operation when one 4160

volt bus is out of service.

c) The preferred offsite power source for the two units is either the 345

MVA 34.5 Kv tertiary winding of transformer No. 4, a 1500 MVA 765/34/
transformer or the 150 MVA 345/34.5 Kv transformer No. 5 which has been
installed as a full service alternate to transformer No. 4 for purposes
of'supplying the plant's auxiliary loads.. Transformer No. 4 or
transformer No. 5 may be connected to transformers 101AB, 101CD, 201AB,

and 201CD (each an 18/24/30 MVA, 34.5/4.16 Kv transformer), which supply
the reserve auxiliary power for both units.

d) A 69 kV line operating on a right-of-way off the plant property has been

tapped to feed a 7500 kVA 69/4.16 kV transformer located at the plant
site. The 4160 volt power is used as the alternate offsite power source
to both units. The 69/4.16 kV alternate offsite power source is
manually connected to the 4160 volt buses. The breakers which connect
this source to the 4160 volt buses are interlocked so they will not
close if any other 4160 volt bus source is closed. In addition, the
availability of the 69 kV alternate offsite power source is constantly
monitored and its loss annunciated.
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e) The 4160 volt system for Unit 1 is divided into eight bus sections (1A,
1B, 1C, 1D and TllA, T11B, T11C and T11D) ~ Buses 1A and 1B are supplied
either from transformer 1AB when the main generator is in operation or
from Transformer 101AB when the main generator is not in operation.
Buses 1C and 1D are supplied in a similar manner, from either
transformer 1CD or transformer 101CD. Buses T11A, T11B, T11C and T11D

are supplied from buses lA, 1B, 1C and 1D respectively. Upon unit trip,
4160 volt bus 1A, 1B, 1C, and 1D automatically transfer from their
normal auxiliary source to the preferred offsite power source. Motors
400 hp or larger are operated at 4160 volts and all emergency motors of
this size are operated from buses T11A or T11D. An identical bus
arrangement (2A, 2B, 2C, 2D and T21A, T21B, T21C and T21D) is provided
for Unit 2.

f) The 600 volt system for Unit 1 is divided into six bus sections, four of
which (11A, 11B, 11C and 11D) contain motors up to 400 hp including
emergency equipment required in the event of a power failure. These
four sections are each normally. fed by a 2000 kVA, 4160/600 volt
transformer from 4160 volt buses T11A, T11B, T11C and T11D,

respectively, which, in turn, are fed from 4160 volt buses 1A, 1B, 1C

and 1D, or by diesel generators, 1AB or 1CD during a loss of power,
incident. T11A, T11B, T11C and T11D are also directly alignable to the
alternate source of off-site power, the 69/4.16 kV transformer. There
are also two 600 volt bus sections (11BMC

1500/2000 kVA, 4160/600 volt transformer,
and 11CMC), each fed by a

which supply power to non-
essential 600 volt equipment rated 100 hp or less and which is grouped
into motor control centers. An identical bus arrangement (21A, 21B,

21C, 21D and 21BMC and 21CMC) is provided for Unit
2.'g

The 480 volt systems for each unit are divided into two bus sections
(11PHA, 11PHC in Unit 1 and 21PHA, 21PHC in Unit 2) and are used to
provide power to the pressurizer heater system.
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I

Buses 11PHA and 11PHC are fe'd from two 4160/480V, 1000 kVA transformers
I

(TR11PHA and TR11PHC, respectively). These transformers are fed from
4160 volt buses TllA and T11D respectively. Buses 21PHA and 21PHC are
fed from two 4160/480 volt, 1000 kVA transformers (TR21PHA and TR21PHC,

respectively). These transformers are fed from 4160 volt buses T21A and

T21D respectively.

g) The 4160 volt, 600 volt and 480 volt switchgear is of metal-clad
construction with closing and tripping control power taken from the
station batteries. Each breaker cubicle is isolated from the adjacent
cubicle with metal barriers and each bus section is physically separated
from all others,,with the exception of buses 11A and 11C, and 11B and

11D, which are separated by means of bus tie breakers and the metal
barriers between the adjacent end cubicles.

h) The system has been so designed that a single failure of any electrical
device to operate shall not prevent the protection and safety features

t

from providing the required safety functions,.
l

i) Power cables are distributed from the switchgear,.by means of steel
conduit, plastic conduit imbedded in concrete and cable trays. Control
cables are run in steel conduit or cable trays.

j) The feed from the generator terminals to the main step-up transformer
bank is isolated phase, forced air cooled, bus duct.

k) The main feeds and feeder motor cables in 4160 volt service are
insulated cables rated at 5000 volts. The, exact construction
of the cables and method of support conform to the requirements
of the individual service. Single conductor cables are
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shielded and provided with a fire retardant jacket. Three conductor

cables are triplexed. Copper conductors are used within the

containment.

l) Power cables for the 600 V service are insulated cables rated at 600 V

in single or triplex.construction as required. Copper conductors have

been used within the containment.

m) Control cables are of single or multi-conductor copper construction
rated at 600 V with overall flame retardant jacket.

n) Low. voltage instrument cables are rated at 300 V. These cables have

total coverage electrostatic shield and are flame retardant.

o) The normal current rating of all insulated conductors is limited to that
continuous value which does not cause excessive insulation deterioration
from heating. Selection of conductor sizes is based on "Power Cable

Ampacities," published by the Xnsulated Power Cable Engineers

Association (IPCEA).

p) Vital instrument buses are provided for essential instrumentation and

reactor protection circuits. Each bus is fed from an inverter which

receives its normal source of power from the 250 V DC bus. Ef the 250 V

DC bus or the DC to AC section of the inverter fails, the vital bus is
transferred to a regulated 600/120 V AC Balance of Plant-Source. The

600/120 V AC Balance of Plant Source is a transformer which is regulated
to provide 120 V AC + 3'%his transfer from the 250 V DC bus to the
Balance of Plant Source is accomplished without voltage variations. The

output frequency of the inverter is synchronized to the normal plant AC

source. On loss of the plant AC, the inverter will maintain an output

frequency of 60 Hz + 0.5 Hz. The alternate source of power to the vital
instrument buses is the unit auxiliary power system (see Figure 8.3-1).
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q) Motor and electrical switchgear enclosures conform to the expected

environmental conditions and are designed in accordance with
specifications issued by the National Electrical Manufacturers
'Association (NEMA). The station batteries are sized to operate turbine
shutdown oil pumps, instrumentation and vital nuclear channels'for three
hours without benefit of any station AC power.

r) All electrical equipment and cables operate within their normal rating
or temperature rise. Motor loading, does not exceed its nameplate

rating.
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'8.2 NETWORK 1NTERCONNECTEONS

Electrical energy generated at 26 kV is stepped-up to 345 kV and 765 kV by
the main power transformers of Unit No. 1 and Unit No. 2, respectively.
Energy from Unit No. 1 feeds into a 345 kV switchyard consisting of eleven
3000-ampere, 25,000 MVA circuit breakers. Two 345 kV circuits connect with
the Palisades Plant of Consumers Power Company. Four additional 345 kV

circuits connect into the American Electric Power Company bulk power supply
system; two circuits to Twin Branch and one circuit each to Olive and

Collingwood Stations. Except for the Collingwood line, all 345 kV circuits
(Palisades, Olive, (2) circuits each, and Twin Branch, (2) circuits each)

terminate on a breaker-and-a-half bus scheme through 345 kV, 3000 ampere,

25,000 MVA circuit breakers. The Collingwood line terminates on an

incomplete breaker-and-a-half bus scheme.

Energy from Unit No. 2 feeds into a 765 .kV ring bus consisting of three 765

kV, 3000 ampere, 35,000 MVA circuit breakers. The 765 kV and 345 kV

switchyards are connected through a 1500 MVA, 765/345 kV autotransformer bank

comprised of three single-phase units. ln addition, a 765 kV circuit from
the plant terminates on a ring bus at Dumont Station through two 765 kV, 3000

ampere, 35,000 MVA circuit breakers.

The facility is designed such that loss of one or both units will not perturb
the external grid to the extent that offsite power will be unavailable.

Figure 8.2-1 is a one-line diagram of the existing bulk power supply
transmission system in the vicinity of the plant.

8.2-1 July 1997



0 0



3 UY 3~~
TALLHADGE

TO

PALISADES

TO ARGENTA

810 MM

CP

AEP

DONALD C. COOK

NUCLEAR PLANT

BENTON
HARBOR

ARGQTA
( )

02

1100 MH 138 KV S(mShER

765 KV

(500

~TS

01—
1100 HV

TO 138 KV

345 KV

138 KV

SEEK

138 KV

QH

EAST

a

QH

TO 138 KV

COLLINGMOD0

345 KV

TO NIPS

TO CE

34.5 KV
AUX

L. O. L. O. N. C.

H ~H H L. 0.

345 KV
M

TO 138 KV

QH ROBISON

PARK

fQA

OLIVE 345 KV NRENSON
ALLEN,

tcr srAc al g C(tet D
~ ~ I~

345 KV

"'P(h"

[oI (s(IARE>

~tt~ S hC AS%It V OC AwCCAtl
~(rclRK POt%E rwvKM colt, ~ m~
~tt ttttfrt 'M lt tt tt
% OP%A tt ao tt t ML t 4%ttt IV g
net% roeot ot st Art Morel cotr,W t htttC Haoott4 ll ttrt WCtt~ to tt tr Itlttrott ~tt

n l

DONALD C. COOK

S(EITCHINC AINANCNENTS
00HALO C. (C00K NXLEAR
PuNT M) NEIQSORING

STATIC

MILTOM RMTER

PITA

300
HVA

TO HARYSVILLE rc FSN FIG.8.2-1-0

M It MI(II(sM(TING

Arp orrrr(cf c(Mtt
roor g™M~(c rrWT(r(OC rrACA

co(w cw crMC

CM
~ r l r 0 r r(cot ~ II lr (C ro(TD lo L rc 0

JVLT 1997



»i Pf
I



8.3 STATION SERVI E Y TEMS

8.3.1 4160 VOLT SYSTEM

Unit auxiliary power is distributed from the 4160 volt switchgear which is
energized from the main generator through unit auxiliary,transformers 1AB and

1CD during n'ormal operation, and from Preferred Offsite Power Source

auxiliary transformers 101AB and 101CD during start-.up or shutdown

operations. The 4160 volt system is duplicated for Unit No. 2.

,The 4160 volt switchgear is arranged in eight bus sections. Buses 1A, 1B,

1C, 1D, T11A and T11D each have a capacity of 2000 amperes. Buses T11B and

T1'1C, which serve only transformers T11B and T11C, have a capacity of 1200

amperes. All feeder and motor circuits are protected by:
f

a) Overcurrent relays which trip the associated breaker in the
event of a sustained overload or fault.

b) Instantaneous relays for ground fault and motor cable faults.
II

During start-up, the total unit power demand is supplied from Preferred
Offsite Power Source auxiliary transformers 101AB and 101CD. Upon attaining
operating conditions, and after the turbine generator has been synchronized

and connected to the system, the auxiliary load is transferred to unit
auxiliary transformers 1AB and 1CD. The transfer is effected without a power

interruption, by momentarily feeding the 4160 volt switchgear from both the

reserve and unit transformers. Once the transfer is complete, each turbine-
generator supplies its own auxiliaries. A trip of the unit automatically

b

trips the normal source breakers (unit auxiliary transformers) and transfers
the auxiliary loads to the Preferred Offsite Power Source. Motors 400 hp or
larger operate from the 4160 volt buses.
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The 4160 volt buses (T11A, T11B, T11C and T11D) may also be fed from a 4160

volt diesel generator, to supply power.to the engineered safety features and

other necessary equipment in the event of a loss of offsite power. There are
two diesel generators associated with each unit. Each diesel generator is
connected to two 4160 volt buses, one to buses T11A and T11B and one to buses

T11C and T11D. Upon loss-of-power to a 4160 volt bus, the associated diesel
generator starts automatically. The circuit breaker which normally supplies
power to that bus from the main 4160 bus is tripped. A 4160 volt circuit
breaker in each bus is automatically closed when its diesel generator is at
speed and rated voltage and re-energizes the bus. The diesel generators will
then supply all equipment which must operate under emergency conditions. The

diesel generator system is described in detail in Subchapter 8.4.

The alternate offsite power source has been provided (Ref. Figures 8.1-1a,
8.1-1b and 8.1-2) by tapping a 69 kV transmission line which is located
adjacent to the plant property. This line is run overhead to the 69/4.16 kV

transformer and the 4160 volt main bus is run underground to connect to buses

TllA, TllB, T11C, T11D and T21A, T21B, T21C and T21D. This transformer has

been sized to provide necessary capacity to operate the engineered safeguards
equipment in one unit while supplying safe shutdown power in the other. The

breakers which connect this source to the 4160 volt bus are manually
operated, and are interlocked to prevent parallel operation with any other
4160 volt source.

8.3.2 LOW VOLTAGE POWER SYSTEMS

The 600 volt auxiliary system distributes power for all low voltage station
service demands other than the pressurizer heaters. The normal source of
power for the 600 volt system is the 4160 volt system buses via the 4160/600

'lg,

volt transformers. The pressurizer heaters are fed from the 4160 volt system

buses via their 4160/480 volt transformers. (Ref. Figures 8.1-1a and 8.1-1b)

8.3-2 July 1997



The switchgear is metal-clad with 250 volt dc operated air circuit breakers.
The 4160/600, volt transformers are filled with non-flammable liquid. The

600 volt system is divided into six bus sections, four of which (11A, 11B,

11C and llD) will feed the mot'ors up to 400 hp. Each motor over 100 hp is
energized by a 600 volt circuit breaker. Motors 1.00 hp and less are fed from

motor control centers. The power source for each of these buses is a 2000

kVA, 4160/600 volt transformer whose primary is connected to buses TllA,
TllB, T11C and T11D respectively. Bus tie breakers between buses 11A and llC
and buses 11B and 11D are provided so a 2000 kVA transformer can feed two

adjacent 600 volt buses should one of the transformers fail. Upon signal to
start the diesel generators, the 600 volt bus tie breakers are opened

automatically. They cannot be automatically closed after diesel start, thus
eliminating the possibility of inadvertent parallel operation of diesels. An

identical 600 volt system is provided for Unit 2.
I

Bus tie breakers 11AC and 11BD are interlocked to close automatically only
when a hand reset auxiliary relay (HEA) operates from protective relays which
indicate a fault in a 4160/600 volt transformer area. In addition, the
closing circuits of the bus tie breakers are interlocked to insure that the
faulted section's 600 volt feeder breaker (11 Al etc.) is also open. An

identical 600 volt system is provided for Unit 2.

Two 600 volt buses, (11BMC and 11CMC) are fed from two of the 4160 volt buses

(1B and 1C) via two 1500 kVA, 4160/600 volt transformers. These buses supply
power to the 100 hp and smaller non-safety related motors fed from motor
control centers throughout the plant. A bus tie breaker enables one 1500 kVA

transformer to feed both buses should the other transformer fail. An

identical 600 vole system is provided for Unit 2.

Two (2) 480 volt buses, 11PHA and 11PHC, are fed from two of the 4.16 kV

buses, T11A and TllD respectively via two 1000 kVA, 4160/480 volt
transformers, These buses supply power to the pressurizer heater loads. An

identical 480 volt system is provided for Unit 2.

8 ~
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8.3.3 120 VOLT AC VITAL INSTRUMENT BUS SYSTEM

The 120 volt ac vital instrument bus system consists of four separate vital
buses which are supplied by four independent 7.5 kVA, single phase static
inverters, as shown in Figure 8.3-1. Two of the inverters connect to one of
the station batteries, the other two connect to a second station battery.
Each inverter cabinet output may derive its input from any one of three
sources:

a) The output of a battery charger whose input is a 600 volt Engineered

Safety System (ESS) source.

b) A 250 volt station battery, should the ac poweied battery charger fail.

c) The'output of a balance of plant regulating transformer whose input is a

600 volt ESS source separate from the battery charger source.

Transfers between sources are automatic and will not disturb vital bus
- voltage and frequency.

The inverter voltage output is regulated automatically at 118 volt ac + 3<.

The output frequency is synchronized with the frequency of the ac supply
voltage when the ac source is energized. When free running, the frequency „is

maintained within 0.5 Hz of the rated value.

The vital buses constitute a very reliable electrical system. The four vital
buses provide a continuous source of power to vital instruments and

equipment, independent of any momentary interruption of the ac power system.

The output of each inverter is connected to a distribution cabinet

through a normally closed circuit breaker. The distribution cabinets
have 15 and 20 ampere branch circuit breakers;to feed reactor pro-
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EMERGEN Y POWER SYSTEM

The plant power system includes an on-site, independent, automatically
starting emergency power source which supplies power to essential auxiliaries
if normal or preferred offsite power source is unavailable.

The emergency power source for each unit consists of two 4160 volt, 3-phase,
60 cycle, 3500 kW diesel generators as shown in Figures 8.1-1a and 8.1-1b.
The arrangement of the emergency diesel generators and their fuel oil system
is shown in Figure 8.4-1. Each diesel engine is equipped with its own

auxiliaries. These include starting air, fuel oil, lube oil, cooling water,
intake and exhaust system, voltage regulator 'and controls. Cooling water is
provided from the Essential Service Water System while electric power foi
each engine's auxiliaries is provided by its own generator.

I

Cranking power for each diesel is supplied from its respective high pressure
starting air system. Energy for starting a diesel is derived from two (2)
air receivers each containing enough high pressure compressed air to provide
for two starting sequences.

There are two diesel fuel oil storage tanks on site, physically separated
from each other. The piping is arranged so that each storage tank supplies
fuel to one emergency diesel generator in each unit. Each storage tank
contains enough fuel oil to run one emergency diesel generator at full load
continuously for greater than seven days.

The emergency power sources for the two units are identical and are
electrically and physically isolated from one another, as are the diesel

. generator sets for each unit. Each diesel generator is full capacity with
one supplying power to buses T11A and T11B, (T21A and T21B for Unit 2) and
the other supplying power to T11C and T11D (T21C and T21D for Unit 2)
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Loss of voltage to the 4160 volt buses above is sensed by undervoltage
relays. Upon sensing, master relays automatically start the emergency

generators, trip the normal feed circuit breakers for the 4160 volt buses and

trips all motor feeder breakers and 480 volt bus transformer feeder breakers
on the buses, the 600 volt bus tie breaker, all non-essential 600 volt motor

feeder breakers and 480 volt bus breakers. The emergency generator circuit
breaker which connects the diesel generator output to the 4160/600 volt bus

system is automatically closed when rated voltage and speed are obtained.
The diesel generators supply power to 600 volt buses, 11A, 11B, 11C, and 11D

through the 4160 volt buses T11A, T11B, T11C, and T11D respectively. The 600

volt bus tie breakers cannot close automatically after diesel start, thus
eliminating the possibility of parallel operation of diesels.

Each emergency generator comes up to speed and is capable of accepting load
lwithin 10 seconds. If either diesel fails to start, the remaining onei is

capable of supplying the required engineered safeguard load. A safety
injection signal will also start the diesels.

The diesel generators are sized at 3500 kW each to assure available power to
operate the following equipment assuming a hoss-of-power concurrent with a

loss-of-coolant accident:

~Nor C<~mn~n

1 Centrifugal Charging Pump

1 Safety Injection Pump
'4

1 Residual Heat Removal Pump

1 Component Cooling Water Pump

1 Essential Service Water Pump

Rating
Hor e w r

600

400

400

500

450

Nominal Start
Time After

Safety Injection
Signal and

Blackout
s c

13

17

21

25

30

1 Motor Driven Auxiliary Feedwater Pump 500 35

1 Containment Spray Pump

1 Non-essential Service Water Pump

600

250

41

47
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The motors listed previously start automatically in sequence as determined by
the initiating event after the diesel generator has energized the appropriate
buses. In addition,.other plant electrical loads fed from these buses may be

energized manually provided the operating diesel generators capacity is not
exceeded.

All safety equipment is duplicated with one connected to an A or B emergency

bus and the other. connected to a C or D emergency bus. Should one bus

section fail to energize, or one diesel generator fail to start, safety is
maintained by the continued integrity of the duplicate system. All swit'ching
flexibilityof the 600 volt system as previously described, is also
maintained. If any safety feature fails to operate automatically, manual

operation is possible from the control room.

I
The emergency power system and the diesel generators are equipped with
monitors and annunciators to insure adequate information on system status.
Suitable protective devices are provided to initiate prompt automatic
detection and isolation of defective or faulted equipment. All annunciators
and protective devices are in service as applicable during diesel generator
testing. Only the diesel generator differential protection and overspeed
trips are operative during actual or simulated emergency conditions.

Diesel generator testing is facilitated by load banks, test circuit breakers
and switching equipment that make it possible to load the diesel generators
without the need of paralleling the diesel generator to the energized safety
buses.

The diesel generators can be started, stopped and their voltage and speed

controlled locally via subpanels in each diesel generator room. In this mode

of operation, diesel generator control is independent of the control room.

8.4-3 July 1997





8.5 DE I N EVALUATI N

'I

All plant electrical systems are designed to ensure maximum operating
efficiency and reliability under all conditions. The plant is connected to
seven independent external circuits, (six via the 345 kV switchyard and one
via the 765 kV switchyard). The switchyards are interconnected and all
switchyard equipment is protected from lightning.

Transformer ratios and tap settings, have been chosen to insure that all
safety system electrical equipment connected to or powered from the auxiliary
system is operated within voltage rating.

During normal operation, auxiliary bus voltages are controlled by the main
generator automatic voltage regulator.
manual voltage regulation and manually
operator.

The 'main generator may be switched to
I

regulated by the control room

All 4160 volt and 600 volt safety buses serving motor loads have been
equipped with undervoltage relays to alarm low bus voltage to the operator in
the main control room.

Nhile operating from the preferred offsite power source the bus voltages are
dependent on the system power grid. In order to prevent a degradation of the
offsite power grid from reducing bus voltage beyond equipment ratings,/
special relaying has been installed to disconnect the ESS buses and
automatically transfer them to the on site emergency generators.

Plant auxiliary electrical systems are designed so each bus may be fed from
- several sources. Components which perform duplicate functions receive their

power from different buses to ensure functional reliability,. Inherent in
system design is the ability to accept a single component failure or fault
without jeopardizing plant safety or causing undue risk to public health and
safety.
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Redundancy in the Emergency Power System ensures the availability of adequate
power needed to effect an orderly shutdown under a loss-of-power condition or
a concurrent, loss-of-power, loss-of-coolant accident. Both emergency diesel
generators associated with each unit are protected from natural phenomena,
are capable of supplying required power should either generator fail to
start, and can be operated locally independent from the control room should
that become necessary.
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S m Descri i n

During plant ope'ration, reactor coolant flows through the letdown line from
one of the reactor coolant loop cold legs on the suction side of the reactor
coolant pump and is returned through the charging line on the discharge side
of the reactor coolant pump of the same loop. An alternate charging
connection is provided on the cold leg of a different- loop. Current
operating practice includes simultaneous use of both the normal and alternate
charging connections. This practice has been adopted,to address thermal
stress concerns in piping connected to the reactor coolant system. An excess
letdown line is also provided as an alternate in case the normal letdown
circuit is inoperative.

Each of the CVCS connections to the Reactor Coolant System has an isolating
valve. In addition, a check valve is located downstream of each charging
line isolating valve. Reactor coolant entering the Chemical and Volume
Control System flows through the shell side of the regenerative heat
exchanger where its temperature is reduced. The coolant then flows through a

letdown orifice which reduces the coolant pressure. The cooled, low pressure
water leaves the reactor containment and enters the auxiliary building where
it undergoes a second temperature reduction in the tube side of the letdown
heat exchanger followed by a second pressure reduction by the low pressure
letdown valve. After passing through one of the mixed bed demineralizers,
where ionic impurities are removed, coolant flows through the reactor
coolant filter and enters the volume control tank through a spray nozzle.

Hydrogen is automatically supplied, as determined by pressure control, to the
vapor space in the volume control tank which is predominantly hydrogen and
water vapor. .The hydrogen within the tank is, in turn, the supply source to
the reactor coolant. Fission gases are removed from the system by venting
the volume co'ntrol tank to the Waste Disposal System prior to a cold or
refueling shutdown.
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To enter the Reactor Coolant System the coolant flows from the volume control
tank to the charging pumps which raise the pressure above that in the Reacto

Coolant System. The coolant then enters the containment, passes through the
tube side of the regenerative heat exchangers, and returns to the Reactor

Coolant System. A portion of the high pressure charging flow is filtered and

injected into the reactor coolant pumps between the pump impeller and the

shaft seal so that the seals are not exposed to particulate matter in the

reactor coolant. Part of the flow cools the lower radial bearing and enters
the Reactor Coolant System through a labyrinth seal on the pumps shaft. The

remainder, which is the shaft seal leakage flow, is filtered, cooled in the
4

seal water heat exchanger and returned to the suction of the charging pumps.

Coolant injected through the reactor coolant pump labyrinth seals returns to
the volume control tank by the normal letdown flow path through the
regenerative heat exchanger. When the normal letdown route is not in
service, labyrinth seal injection flow returns to the suction of the charg'ng

pumps through the excess letdown and seal ~ater heat, exchangers.

The cation bed demineralizer, located downstream of the mixed bed

demineralizers, is used intermittently to control cesium activity in the

coolant and also to remove excess lithium which is formed from the
10 .7

B (n, «) Li reaction.

Boric acid is dissolved in hot water in the batching tank to a concenrrat "n

of approximately twelve weight percent. The batching tank is jacketed ""
permit heating of the batching tank solution with low pressure steam. One of
four boric acid transfer pumps is used to transfer'he batch to the boric
acid tanks. The batching tank and the boric acid tanks are shared by Units 1

and 2. Small quantities of boric
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suction of the charging pumps is automatically aligned to take suction from

the refueling water storage tank.

The maximum rate 'of boration of the primary system with the 75 gpm discharge
of a boric acid transfer pump directed to the charging pump suction is 24.0

ppm/minute, whi.ch compensates for a cooldown rate of 6 F/minute at the end of
core life'when the moderator temperature coefficient is most negative.

The maximum rate of boration with the two centrifugal charging pumps

deliverxng water from the refueling water storage tank at a concentration of
2400 ppm boron is ll ppm/minute. This compensates for a cooldown rate of
2 P/minute at the end of core life when the moderator. temperature coefficient
is most negative. By comparison, normal cooldown rates are about

00.8 F/minute.

Alarm Functions

~~

The reactor makeup control is provided with alarm functions to call
the operator's attention to the following conditions:

a. Deviation of reactor primary, water makeup flow rate from the

control set point.

b. Deviation of concentrated boric acid flow rate from control set
point.

C ~ Low level (makeup initiation point) in the volume control tank when

the primary water makeup control selector is not set for the

automatic makeup control mode.

d. Low level (between makeup initiation point and automatic

alignment charging pump suction to refueling water storage tank) in
the volume control tank to allow the operator to manuallmanua y
initiate makeup prior to refueling water automatic alignment.
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har in Pum on rol

Positive Dis lacement Ch r in P m *

The positive displacement charging pump has a variable speed drive and .

supplies charging flow to the Reactor Coolant System. The speed of this pump

can be controlled manually, or automatically by pressurizer level. During
load changes the pressurizer level set point varies automatically with T

avg'ompensatingpartially for the expansion or contraction of reactor coolant
associated with T changes. Charging pump speed will not change rapidlyavg f

with pressurizer level control. If the pressurizer level increases, the
speed of the pump decreases; conversely, if the level decreases, the speed
increases. If the positive displacement charging pump reaches the high speed
limit, it-becomes necessary to place a centrifugal pump in operation to
provide the higher flow capacity and to remove the positive displacement'pump
from service'.

To ensure that the charging pump flow is always sufficient to meet both the
seal water and minimum charging flow requirements, the pump has a variable
control stop which prevents pump flow lower than the specified minimum. The

control stop is variable to permit higher minimum flow limits to be set if
mechanical seal leakage increases during plant life.

Cen rifu al har in P m

The centrifugal pumps are constant speed pumps with flow control accomplished
by a modulating valve in the pump discharge line. When the positive
displacement pump is in operation, this control valve is in the wide open

position

The positive displacement charging pumps are not currently used for
plant operations.
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Each demineralizer is sized to accommodate the maximum letdown flow. One

demineralizer serves as a standby unit for use if the operating demineralizer
becomes exhausted during operation.

The demineralizer vessels are provided with suitable connections to
facilitate resin replacement when required. The vessels are equipped with a

resin retention screen. Each demineralizer has sufficient capacity for
approximately one core cycle with one percent defective fuel rods.

ation B d Demin ralizer

A flushable cation resin bed in the hydrogen form is located downstream of
the mixed bed demineralizers and is used intermittently to control the
concentration of Li which builds up in the coolant from the B (n, «) Li,

.7 10 .7

reaction. The demineralizer also has sufficient capacity to-maintain the
cesium-137 concentration in the coolant below 1.0 pci/cc with 1% defective
fuel. The demineralizer is used intermittently to control cesium.

I

The demineralizer vessel is provide'd with suitable connections to facilitate
resin replacement when required. The vessel is equipped with resin retention
screens. The cation bed demineralizer has sufficient capacity for
approximately one core cycle with one percent defective fuel rods.

R actor plant Filt

The filter collects resin fines and particulates from the letdown stream.
The vessel is provided with connections for draining and venting. The

nominal flow capacity of the filter is equal to the maximum purification flow
rate. Disposable filter elements are used.
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Volume Control Tank

The volume control tank is an operating surge volume compensating in part for
reactor coolant releases from the Reactor "oolant System as a result of level
changes. The volume control tank also acts as a head tank for the charging
pumps and reservoir for the leakage from the reactor coolant pump controlled
leakage seal. Overpressure of hydrogen gas is maintained in the volume

control tank to control the hdyrogen concentration in the reactor coolant at
25 to 35 cc per kg of water (STP).

A spray nozzle is located inside the tank on the inlet line from the reactor
coolant filter. This spray nozzle provides int.imate contact to equilibrate
the gas and liquid phases. A remotely operated vent valve discharging to the
Waste Disposal System permits removal of gaseous fission products which are
stripped from the reactor coolant and col'ected in the tank.
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har in Pum s

Three char'ging pumps are provided for injecting coolant into the Reactor
Coolant System. Two are centrifugal pumps and the third is a positive
displacement pump equipped with variable speed drive. All parts in contact
with the reactor coolant are fabricated of austenitic stainless steel or
other material of adequate corrosion resistance. The centrifugal pump

packing glands and positive displacement pump stuffing box are provided with
leakoffs to collect reactor coolant before it can leak to the outside
atmosphere. Pump leakage is piped to the drain header disposal. The pump

design prevents lubricating oil from contaminating the charging flow. The

integral discharge valves on the positive displacement pump act as check
valves.

r

The positive displacement pump is designed to provide the full charging flow
and the reactor coolant pump seal water supply during normal seal leakage and
normal letdown.'he centrifugal pumps have a higher flow capacity and are
currently used in normal plant operation. Each pump was designed to provide
charging and seal injection flows with normal letdown flow (75 gpm) or
maximum letdown flow (120 gpm), provided that the RCS cold leg backpressure
is at nromal operating conditions, and provided that the charging pump

minimflow path is isolated during maximum letdown flow..

The positive displacement charging pump is designed to be used to hydrotest
the Reactor Coolant System.

Either the positive displacement charging pump or a centrifugal charging pump

can take suction from the volume control tank and discharge to the normal
charging and reactor coolant pump seal water injection paths. When the
positive displacement pump is not used, one of the centrifugal charging pumps

is operated. The flow paths remain the same but flow control is

The positive displacement charging pumps are not currently used for plant
operations.
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accomplished by a modulating ~alve on the discharge side of the centrifugal
pumps. For periods when maximum letdown or purification flow is required, a

centrifugal pump is operated to provide the necessary flow. The centrifugal
charging pumps also serve as high head safety injection pumps in the

Emergency Core Cooling System (Chapter 6).

The primary use of the chemical mixing tank is in the preparation of caustic
solutions for pH control and hydrazine for oxygen scavenging.

The capacity of the chemical mixing tank is determined by the quantity of; 35X

hydrazine solution necessary to increase the hydrazine concentration in the
reactor coolant by 10 ppm. This capacity is more than sufficient to permit
the preparation of the appropriate quantity of pH control chemical solution
for the Reactor Coolant System.

t

The excess letdown heat exchanger is designed to cool the amount of reactor
coolant letdown equal to the nominal injection rate through the reactor
coolant pump labyrinth seal, when the normal letdown path is not usable. The

letdown stream flo~s through the tube side and component cooling water is
circulated through the shell side. All surfaces in contact with reactor
coolant are austenitic stainless steel and the shell is carbon steel. All
tube joints are welded.

The seal water heat exchanger removes heat from several sources; the reactor
coolant pump seal water returning to the volume contxol tank, the reactor
coolant discharge from the excess letdown heat exchanger and the centrifugal
charging pump by-pass flow. Reactor 'coolant flows
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through the tubes and component cooling water is circulated through the shell
side. The tubes are welded to the tube

direction and undesirable contamination
sheet to prevent leakage in either
of the reactor coolant or component

cooling water. All surfaces in contact with reactor coolant are austenitic
stainless steel and the shell is carbon steel.

The unit is designed to cool the excess letdown flow, the pump seal water
flow and the centrifugal charging pump by-pass flow to the temperature
normally maintained in the volume control tank.

1 Wa er Filter

This filter collects particulates from the reactor coolant pump seal water
return and from the excess letdown heat exchanger flow. The filter is

I
designed to pass the sum of the excess letdown flow and the maximum design
leakage from the reactor coolant pump seals. The vessel is provided with
connections for draining and venting. Disposable filter elements are used.

Se 1 Water In'ecti n Fil ers

The filter collects particulates from the reactor coolant pump seal water
inlet. Two filters are provided in parallel, each sized for the maximum

design pump seal flow rate. The vessel is provided with connections for
draining and venting. Disposable filter elements are used.

Boric Acid Fil r

The boric acid filter collects particulates from the boric acid solution
. being pumped .to the charging pump suction line or boric acid blender. The

filter is designed to pass the design flow of two boric acid transfer pumps

operating simultaneously. The filter elements are disposable
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cartridges. Provisions are included for venting and draining the filter.

Bori Aci T nks

Three boric acid tanks are shared by Units 1 and 2. The total boric acid
tankage capacity is sized to store sufficient boric acid solution, recovered

from the recycle processing train or mixed in the batching tank, for
simultaneous refueling plus enough boric acid solution for a cold shutdown

shortly after full power operation is achieved. One tank provides sufficient
boric acid solution for cold shutdown even if the most reactive RCC assembly

is not inserted. One tank supplies boric acid for each reactor coolant
makeup system during normal operating, while the third tank serves as a

spare.

The concentration of boric acid solution in storage is maintained betw'een

11.5 and 12.5% by weight. Periodic manual sampling and corrective action, if
necessary, insures that these limits are maintained. As a consequence,

measured amounts of boric acid solution can be delivered to the reactor
coolant to control the chemical poison concentration. The combination

overflow and breather vent connection has a water loop seal to minimize vapor

discharge during storage of the solution.

B hin Tank

The batching tank (shared by both units) is sized to hold one week's makeup

supply, per unit, of boric acid solution for transfer to the boric acid
tanks. The basis for makeup is an arbitrary reactor coolant leakage of 1/2

gpm at beginning of core life. The tank may also be used for solution
storage.

4~+
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Ho du Tank Reci culation Pum

The recirculation pump is used to mix the contents of a pair of holdup tanks

for sampling or to transfer the contents to another pair of holdup tanks.
The pump may also be used to fill the spent fuel pit transfer canal. from the
holdup tanks. The wetted surface of this pump is constructed of austenitic
stainless steel.
Bo ic Acid Eva orator Feed P s

The three feed pumps (shared by both units) supply feed to the boric acid
'vaporator trains from the holdup tanks. The capacity of each pump is equal

to the boric acid evaporator capacity. The non-operating pump is a standby

and is available for operation in the event the operating pump malfunctions.
These canned c'entrifugal pumps are co'nstructed of austenitic stainless stee'1.

Eva orator Feed Ion Exchan ers

Four flushable evaporator feed ion exchangers (shared by both units) remove

cations (primarily cesium and lithium) and anions from the holdup tank

effluent. Two of the demineralizers are of the mixed bed type and the other
two are of the cation bed type. One of each type are in series in each

processing train.

The design flow rate is equal to the boric acid evaporator processing rate.
The demineralizer vessels are constructed of austenitic stainless steel and

are provided with suitable connections to facilitate resin replacement when

required. The vessels are equipped with resin retention screens.
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Eon Exch n er Fil rs

These filters collect resin fines and particulates from the evaporator feed
ion exchangers. The vessels are made, of austenitic stainless steel, and are
provided with connections for draining and venting. Disposable filter
elements are used. The maximum design flow capacity is equal to the boric
acid e'vaporator flow rate.

Boric Acid Eva r tors

A boric acid evaporator is provided which will process 30 gpm of dilute
radioactive boric acid and produce distillate and approximately 12 weight
percent of concentrated boric acid stripped of the radioactive gases. The
other boric acid evaporator and associated equipment has been converted to a

Cradioactive waste evaporator as described in Chapter 11. = Radioactive gas
stripping is achieved by passing heated feed through packed towers employing
stripping steam which removes nitrogen, hydrogen and fission gases from the
feed and is designed to reduce the influent gas concentration by a factor of
10

Eva or r Cond n at D min ral iz rs

An anion demineralizer removes any boric acid contained in the evaporator
condensate. The other anion demineralizer has been converted to a

radioactive waste disposal function as described in Chapter 11. Hydroxyl
I

based ion-exchange resin is used to produce evaporator condensate of high
purity by releasing a hydroxyl ion when a borate ion is absorbed. Facilities
are provided for regeneration of the resin. When regeneration is no longer
feasible, the resin is flushed to the spent resin storage tank. Each

demineralizer is sized for a flow rate equal to the evaporator flow rate.
The demineralizer vessel is made of all-welded austenitic stainless steel,
and is equipped with a resin retention screen.
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Cond nsa e Filter

'The filter collects resin fines and particulates from the boric acid
evaporator condensate stream. The vessel is made of austenitic stainless
steel, and is provided with connections for draining and venting. Disposable
filter elements are used. The design flow capacity of the filter is equal to
the total installed boric acid evaporator flow rate.

Moni r Tanks

Two shared monitor tanks permit continuous operation of the evaporator train.
When one tank is filled, the contents are analyzed and either reprocessed,
discharged to the Waste Disposal System or pumped to the primary water
storage tank. The other two monitor tanks have been converted to a

radioactive waste disposal function as described in Chapter 11.

Each of the tanks has sufficient capacity to hold the condensate produced
during 12 hours of operation from an evaporator at full output with only two
lab analyses per day.

The tanks are fitted with a nylon, rubber-coated membrane to prevent
absorption of oxygen by the water stored in the tank. The portion of the
tank above the membrane is vented to the auxiliary building atmosphere.

Monitor Tank Pum s

Two shared monitor tank pumps discharge water from the monitor tanks. Each

pump is sized to empty a monitor tank in approximately 3 hours. The pumps

are constructed of austenitic stainless steel.
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Deboratin Demin ralizers

When required, two anion demineralizers remove boric acid from the Reactor
Coolant System fluid. The demineralizers are provided for use near the end

of a core cycle, but can be used at any time when boron concentration is low.

Hydroxyl based ion-exchange resin is used to reduce Reactor Coolant System

boron concentration by releasing a hydroxyl ion when a borate ion is
absorbed. Facilities are provided for regeneration. When regeneration is no

longer feasible, the resin is flushed to the spent resin storage tank.

Each demineralizer is sized to remove the quantity of boric acid that must be

removed from the Reactor Coolant System to maintain full power operation near
the end of core life.

C n n r es Fil er

The filter removes particulates from the evaporator concentrates. Design
flow capacity of the filter can accommodate the total installed boric acid
evaporator capacity. The vessel is provided with connections for draining
and venting. Disposable filter elements are used.

n n r es H 1din Tank

The shared concentrates holding tank is sized to hold approximately
the production of concentrates from one batch from both evaporators.
The tank is supplied with an electrical heater which prevents boric
acid precipitation.
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TABLE 9 '-1

CHEMICAL AND VOLUME CONTROL SYSTEM CODE RE UIREMENTS

Regenerative heat exchanger

Letdown heat exchanger

Mixed bed demineralizers
Reactor coolant filter
Volume control tank
Seal water heat exchanger

Excess letdown heat exchanger

Cation bed demineralizer
Seal ~ater injection filters
Boric acid filter
Evaporator condensate demineralizers
Concentrates filter
Evaporator feed ion exchangers

Ion exchanger filter
Condensate filter
Piping and valves

ASME III+, Class C

ASME IIZ, Class C, Tube Side,

ASME VIII, Shell Side

ASME III, Class C

ASME III, Class C

AShE III, Class C

ASME IIZ, Class C, Tube Side,
ASME VIIZ, Shell Side

ASME III, Class C, Tube Side,

ASME VIII, Shell Side

ASME ZII, Class C

ASME III, Class C

ASME ZIZ, Class C

ASME IZZ, Class C

ASME ZZI, Class C

ASME III, Class C

ASME ZZZ, Class C

ASME IIZ, Class C

USAS B31.1~

* ASME III - American Society of Mechanical Engineers, Boiler and

Pressure Vessel Code, Section IIZ, Nuclear Vessels.
~ USAS B31.1 - Code for Pressure Piping, USA Standards, and special

nuclear ca es where applicable. Repairs and replacements for piping are
conducted in accordance with ASME Section XI.
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TABLE 9.2-2

HEMI AL AND VOL E C NTR L YSTEM DE I N PARAMETERS

General

Plant" design life, years

Seal water supply flow rate:
Normal, gpm

Maximum, gpm

Seal water return flow rate:
Normal, gpm

Maximum gpm

Letdown flow:
Normal, gpm

Minimum, gpm

Maximum, gpm

Charging flow:
Normal, gpm

Minimum, gpm

Maximum, gpm

Temperature of letdown reactor coolant
0entering system, F

Centrifugal pump miniflow, gpm

Temperature of charging flow directed
0to Reactor Coolant System, F

Temperature of effluent directed to
holdup tanks, F

0
4.

40

32

113

12

93

75

.120

55

25

100

Unit 1: 518. 9 to 543. 5

Unit 2: 511.4 to 547.6

60 (each)

495

127

(volumetric flow rates in gpm are based upon 130 F and 2350 psig)0
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TABLE 9.2-3

PRIN IPAL OMPONENT DATA i Y

Re enera ive H a Exchan r
Number

Heat transfer rate at design
conditions, Btu/hr

1 (per unit)

10.3 x '0 6

~he 1 1 ide

Design pressure, psig
0Design temperature, F

Fluid
Material of construction

2485

650

Borated reactor coolant
Austenitic stainless steel

Flow, lb/hr
0Inlet temperature, F

0Outlet temperature, F

Normal

Desi n

37,050

545

290

Maximum

~pe~if ie ion

59,280

545

'287

~H

59,280

547

366

~~b~id
Design pressure, psig

oDesign temperature. F

Fluid
Material of construction

2735

650

Borated reactor coolant
Austenitic stainless steel

Flow, lb/hr
o

'nlettemperature, F

Outlet temperature, F

Normal

~Ds icCin

27,170

130

495

Maximum

Purifi a ion

49,400

130

461

~hae.u

29,640

130

521
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Sheet ¹2

TABLE '9. 2-3 (cont'. )

Le down rifi e

Design pressure, psig
0Design temperature, F

Normal operating inlet pressure, psig
Normal operating temperature, F

0

Material of construction

2485

650

2085 (U1) 2235 (U2)

290

Austenitic stainless steel

Number

Design flow, lb/hr
Differential pressure at design flow, psig

22,230

1900

37,050

1900

cpm ~7/m
1 (per unit) 2 (per unit)

Le down He Exchan er
Number

Heat transfer rate at design
conditions (heatup), Btu/hr

1 (per unit)

14.8 x 10
6

~h11 ide

Design pressure, psig
0Design temperature, F

Fluid
Material of construction

150

250

Component cooling water
Carbon steel

Flow, lb/hr
Inlet temperature, F

0

Outlet temperature, F.0

~Nrma 1

203,000

95

125

Heatup

Desi n

492,000

95

125

Maximum

Purifi ion

496,000

95

125
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TABLE 9.2-3 (cont'd.)

Tube Side

Design pressure, psig
0Design temperature, F

Fluid
Naterial of construction

600

400

Borated reactor coolant
Austenitic stainless steel"

Flow, 1b/hr
0'nlet temperature,

0Outlet temperature, F

Normal

37,050

290

127

Heatup

(Des'zn)

59,280

380 (max.)

127

Maximum

Pur'icat'on
59,280

„380 (max.)

127

Aixed Bed Deminerali=ers
Number

Tvpe

'Jessel design pressure:
Internal, psig
External, psig

0'/esse 1 design temperature,
Resin volume, each, ft3

Vesse1. volume, each, ft 3

Design flow rate, gpm

Ainimum decontamination factor as

measured by I-131 removal
0Normal operating temperature, F

Normal operating pressure, psig
Resin type
Aaterial of construction

2 per unit)
shable

200

15

250

30

43

120

10

127

150

Cation and anion

Austenitic stainless

stee'.2-43
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TABLE 9.2-3 (cont'd.)

Reactor Coolant Filt r
General:

Number

Flow Rates,

Nominal, gpm

Maximum, gpm

vasssi ~

Design pressure, psi
Design Temperature, 'F

Material of construction
~Crrrid e.

Maximum Design ~Pressure, psi
Design Temperature, 'F.

Absolute Retention Size, micron

1 (per unit)
Disposable Cartridge

120

150

200

250

Austenitic stainless steel

75

180

s 6

Vlum onr lTnk
Number

Internal volume, ft3

Design pressure:
Internal, psig
External, psig

0Design temperature, F

Operating pressure range, psig
Spray nozzle flow (maximum), gpm

Material of construction

1 (per unit)
400

75

15

250

0- 60

120

Austenitic stainless steel
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TABLE 9.2-3 (cont'd.)

Batchin Tank and Batchin Tank Heater Jacket Continued

Initial ambient temperature

Final fluid temperature, F
0

Heatup time, hrs
Tank material of construction
Jacket material of construction

32

165

3 (approximately)
Austenitic stainless steel
Carbon steel

Batchin Tank A itator
Number

Fluid handled, boric acid, wt8

Service
0Operating temperature, F

Operating pressure
Material of construction

1 (shared)

12

Continuous

165

Atmospheric

Austenitic stainless steel

Excess Letdown Heat Exchan er
Number

Heat transfer rate at design
conditions, Btu/hr

1 (per unit)

4.61 x 10
6

Design pressure, psig
0Design temperature, F

Design flow rate, lb/hr
0- - Inlet temperature, F

Outlet temperature, F
0

Shell Side

150

250

115,000

95.

135

Tube Side

2485

650

12,380

545

195

Fluid Component cooling Borated reactor

Material of construction
water

Carbon steel
coolant
Austenitic
stainless steel
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TABLE 9.2-3 (cont'd. )

l W r Heat Exchan er
Number

Heat transfer rate at design

conditions, Btu/hr

1 (per unit)

2.49 x 10
6

Design pressure, psig
0Design temperature, F

Design flow, lb/hr
Normal operating flow, lb/hr

(includes miniflow)

Design operating inlet
0temperature, F

Design operating outlet
0temperature, F

~hl 1 !;a>~ie

150

250

99,500

99, 500

95

120

'I~~id
150

250

160,600

36,000

143

127

Fluid Component cooling Borated reactor

Material of construction
water
Carbon steel

coolant
Austenitic
stainless steel

eal W r Fil

~Gen r l:
Number
Type
Flow Rates,

Nominal, gpm
Maximum, gpm

1 (per unit)
Disposal Cartridge

12
325

V~es all
Design pressure, psi
Design Temperature, 'F,
Material of construction

200
250
Austenitic stainless steel

~cartri
Maximum Design ~Pressure, psi
Design Temperature, 'F
Nominal Retention Size, micron

80
200
25
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TABLE 9.2-3 (con't'd. )

Boric Acid Filter
general:

Number

Design Flow Rate, gpm

V~ss
1'esign pressure, psi

Design Temperature, 'F

Material of construction
~ar rid e.

Maximum Design, ~Pressure, psi
Design Temperature, 'F

Nominal Retention Size, micron

1 (per unit)
Disposable Cartridge
150

200

250

Austenitic stainless steel

150

250

20

Bori A i Tr n fer Pum

Number

Design flow rate, each, gpm

Design pressure,
psig'esign

discharge head, ft.
0Design temperature, F

Temperature of pumped fluid, F
0

Available NPSH at 170 F, ft.
..Material of construction

4 (shared)

Two-speed horizontal
centrifugal
75 at high speed

150

235

250

170

15

Austenitic stainless steel

Boric A id Blender

Number

Design pressure, psig
0Design temperature, F

Material of construction

1 (per unit)
150

250

Austenitic stainless steel
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Sheet ¹10

TABLE 9.2-3 (cont'd.)

Cation Bed Demineralizer
Number

Type

Vessel design pressure:
Internal, psig
External, psig

0Vessel design temperature, F

Resin volume, ft3

Vessel volume, ft3

0Normal operating temperature, F

Normal operating pressure, psig
Design flow, gpm

Resin type
Material of construction

1 (per unit)
Flushable

200

15

250

20

30

127

150

72

Cation
Austenitic stainless steel

Chemical Mixin Tank Orifice
Number

Desi,gn pressure, psig
0Design temperature, F

Design flow, gpm

Material of construction

1 (per unit)
150

200

Austenitic stainless steel

Boric Acid Tank Orifice
Number

Design pressure, psig
Design temperature, F

0

Design flow, gpm

Material of construction

3 (shared)
150

200

Austenitic stainless steel
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TABLE 9.2-3 (cont'd. )

Sheet Ill

Deboratin Demineraliz rs
Number

Type
Vessel design pressure, psig

Internal
External

Vessel design temperature, F
0

Resin Volume, ft3

Vessel volume, ft3

Normal flow, gpm
0Normal operating temperature, F

Normal operating pressure, psig
Resin type
Material of construction

2 (per unit)
Fixed bed

200

15

250

43

56

120

127

150

Anion
'I

Austenitic stainless steel

S al In'on Filters
G~en r 1 ~

Number

Type
Flow Rates,

Nominal, gpm

Maximum, gpm

~Vs~1 ~

Design pressure, psig
0Design temperature, F

Material of construction
~Car rid
Maximum Design ~ Pressure, ps i
Design Temperature, 'F
Absolute Retention Size, micron

1 (per unit)
Disposal Cartridge

32

80

2735
200

Austenitic stainless steel

75

180

s 6

No 1 eal B -Pass Orifi
Number

Design pressure, psig
0Design temperature, F

Design flow, gpm

Differential pressure at design flow, psi

4 (per unit)
2485

250

1.0
300
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TABLE 9.2-3 (cont'd.)
Sheet ¹12

Holdu Tanks

Number

Type

Capacity, each pair, gal.
Design pressure, psig
Normal operating pressure, psig

0Design temperature, F

Normal operating Temperature, F
0

Material of construction

6 (shared)*
Horizontal, cylindrical
128,000

15

200

130

Austenitic stainless steel

Recirculation Pum

Number

Type

Design flow, gpm

Available NPSH at 130 F, ft.
Design head, ft.
Design pressure, psig
Design temperature, F

0

0Normal operating temperature, F

Material of construction

1 (shared)
Centrifugal
500

15

100

150

200

150

Austenitic stainless steel

Boric Acid Eva orator Feed Pum s

Number'ype

Design flow, gpm

Design head (TDH), ft.
Design pressure, psig

0Design temperature, F

Normal fluid temperature, F

Material of construction
NPSH at 115 F, ft.

3 (shared)
Canned

30

320

150,

200

115

Austenitic stainless steel
15

* Three pairs of tanks
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TABLE 9.2-3 (cont'd.)
Sheet ¹15

Ev r r Fe d Eon Ex han ers Continued

Normal flow, gpm
0Normal operating temperature, F

Normal operating pressure, Psig
Resin type

Material of construction
C n r es Fil er
~Gaesal:

Number

Design Flow Rate, gpm

~sess 1:

Design pressure, psi
Design Temperature, F

Material of construction
~ar ~rid ~
Maximum Design, ~Pressure, psi
Design Temperature, F

Nominal Retention Size, micron
onc n rates H ldin Tank

Number
'ype

Volume, gal.
Design Pressure

0Design temperat'ure, F

0Normal operating temperature, F

Material of construction
on en r e H l in Tank El ric H a r

Number

Heat. transfer rate, KW

Material of construction

30

130

75

Cation (2 of 4 units)
Mixed Bed (2 of 4 units)
Austenitic stainless steel

2 (shared)

Disposable Cartridge
40

200

250

Austenitic stainless steel

80

200

25

1 (shared)

Cylindrical, heated

2,000

Atmospheric

250

150

Austenitic stainless steel

1 (shared)

6.0

Austenitic stainless steel
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TABLE 9.2-3 (cont'd.)
n n r e Holdin Tank Transf r Pum

Sheet ¹16

Number

Type

Design flow rate, gpm

Design head, ft.
0Design temperature, F

Design pressure, psig
Available NPSH at 180 F, ft.
Material of construction
I n Ex h n er Filter
Gyral:
Number

Design Flow Rate, gpm

V<a~i~l

Design pressure, psig
0Design temperature, F

Material of construction
~ar ~ri
Maximum Design ~Pressure, psi
Design Temperature, '

Nominal Retention Size, micron
C n ensa s Fil r
~n~ ral:
Number

Design Flow Rate, gpm

~Vsr~l ~

C

Design pressure, psi
Design Temperature, F

Material of construction
~ar r~i

Maximum Design r Pressure, psi
Design Temperature, 'F

Nominal Retention Size, micron

9.2-56

2 (shared)

Centrifugal can

40

150

250

150

10

Austenitic stainless steel

2 (shared)

Disposable Cartridge
35

200

250

Austenitic stainless steel

80

200

25

2 (shared)

Disposable Cartridge
35

200

250

Austenitic stainless steel

80

200

25
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9.3 RESIDUAL HEAT REMOVAL SYSTEM

9.3.1 DESIGN BASES

The Residual Heat Removal System is designed to remove residual (sensible)
heat from the core and reduce the temperature of the Reactor Coolant

System during the second phase of plant cooldown. During the first phase

of cooldown, the temperature of the Reactor Coolant System is reduced

by transferring heat from the Reactor Coolant System to the Steam and

Power Conversion System (Chapter 10).

The Residual Heat Removal System is normally placed in operation
approximately four hours after reactor shutdown when the pressure and

temperature of the Reactor Coolant System are approximately 400 psig and less
than 350 F, respectively. Under normal operating conditions, the Residual
Heat Removal System will reduce the temperature of the reactor coolant to

0
140 F within 20 hours following reactor shutdown. The design residual heat
load is based on the residual heat fraction of full core MW (thermal) power
level that exists at 20 hours following reactor shutdown from an extended

II

power run near full power. These cooldown rates can be achieved with 15% RHR

pump head degradation. The design parameters of the system are shown in
Table 9.3-2.

As a secondary function, the Residual Heat Removal System is used to
transfer refueling water between the refueling water storage tank and the
refueling cavity at the beginning and end of refueling operations.

In addition, portions of the system are utilized as parts of the
Emergency Core. Cooling System and the Containment Spray Systems. These

functions and the associated analyses are discussed in Chapters 6 and 14.
l

The Residual Heat Removal System provides sufficient capability in the
emergency operational mode to accommodate any single active or passive
failure and still function in a manner to avoid risk to the health and safety
of the public.
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The system design precludes any significant reduction in the overall
design reactor shutdown margin when cooling water is introduced into
the core for decay heat removal or during the emergency core cooling
recirculation mode of operation.

System components whose design pressure and temperature are less than

the Reactor Coolant System design limits are provided with redundant

isolation means and overpressure protective devices.

All system active components which are relied upon to perform the

system functions are redundant and the system design includes provision
for hydrostatic testing of system components o applicable code test
pressures.

Codes and Classifications

All piping and components of the Residual Heat Removal System are

designed to the applicable codes and srandards listed in Table 9.3-1.

'Since the loop contains reactor coolant, when it is in operation,

austenitic stainless steel piping is employed.I

9.3.2 SYSTEM DESIGN AND OPERATION

~S stem Descri tion and 0 ration

The Residual Heat Removal System (shown in Figure 9.3-1) consists of

two residual heat exchangers, two residual heat removal pumps and

associated piping, valves, and instrumentation. The instrumentation

is discussed in Chapter 7.

During system operation, coolant flows from the Reactor Coolant System

to the residual heat removal pumps, through the tube side of the resi-

dual heat exchangers and back to the Reactor Coolant System. The inlet

line to the Residual Heat Removal System loop begins at the hot leg of
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returned to the RCS (and thus the refueling canal) by using one train of
the RHR/ECCS operating in the recirculation mode. Heat removal from the

system would be via the RHR heat exchanger. If the RCS can be

pressurized,and heat removal is via the steam generators, this cooling

path could be established in a few minutes. If the RCS can not be
I

pressurized the short term cooling path could also be established in a

few minutes. The follow-up, long-term cooling path could be established
in another one to two hours.

System and equipment actuated could include (depending on the method of
core cooling employed) the centrifugal charging pumps, the reactor
coolant pumps, the steam dump valves (either to atmosphere or the main

condenser), the auxiliary feedwater syst'm, the safety injection pumps,

the portable pumps, the refueling canal drains, and one train of
RHR/ECCS operating in the recirculation mode. The centrifugal charging

pumps, the auxiliary feedwater system, the safety injection pumps, and

the ECCS are of safety grade design.

9.3.4 MALFUNCTION ANALYSIS

A failure analysis of residual heat removal pumps, heat exchangers and valves
is presented in Table 9.3-3.

9.3.5 TESTS AND INSPECTIONS

The residual heat removal pump flow instrumentation is calibrated on a

periodic basis. Periodic visual inspections and preventative maintenance are

also conducted. The system components are tested in accordance with the

requirements of the applicable edition of the ASME BSPV Code Section XI and

beginning with the 3rd 10 year interval ISI program, pump and valve tests are

in accordance with ASME 0&M Standards and NUREG-1482 (Refer to Chapter 6)
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936 SAFETY LZMZTS ASD CONDZTZONS

9 '.6 1

ao Mmiai.strative controls at the Plant have been established to permit the
removal of RHR system equipment from service only to perform absolutely
required maintenance when the RHR system is operating in the decay heat
removal mode. Zf the equipment has to be removed from service,
consideration must be given to alternate decay heat removal methods.

b Administrative controls at the plant have been established requiring
that during the condition when the reactor coolant system is
depressurized and vented with air in the steam generator tubes, and the
reactor vessel head in place (with or without bolting), both RBR trains
must be available with either both emergency diesel generators or one

diesel generator and the alternate reserve source available.

9.3.6.2

aa A requirement to have only one RHR pump in operation whenever the
reactor coolant system is drained to half-loop and vented, has been

incorporated into applicable operating procedures. The second pump will
be in manual standby. This requirement will reduce total system flow
which in turn reduces the possibility of vortex formation and air
entrainment at the suction line.

b. Only one RHR pump will be operated when the RCS is open to the
atmosphere to prevent damaging both pumps in the unlikely event that the
suction valve from the RCS should close.

Ci The motor "operated valves in the RHR bypass line are normally closed
during power operation Closing these RHR cross-tie valves makes the
miniflow circuits for each RHR pump independent thereby removing the
potential for deadheading the weaker pump.
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PENT FUEL P OL OLING SYSTEM

9.4.1 DESIGN BASES

The- Spent Fuel Pool Cooling System shown in Figure 9.4-1 is designed to
remove from the spent fuel pool the heat generated by stored spent fuel

I

elements." The system serves the spent fuel pool which is shared between the
two units.

The system design allows for the need to totally unload a reactor vessel .<193

fuel assemblies) for maintenance or inspection :.t a time when as many as 3420

spent fuel elements are already residing in the spent fuel storage pool.

The system design incorporates two separate cooling trains. System piping is
arranged so that failure of any pipeline does not drain the spent fuel pobl
below the top of the stored fuel elements.

Fu 1 and Was r eDca Ha

Criterion: Reliable decay heat removal systems shall be designed to
prevent damage to the fuel in storage facilities and to
waste storage tanks that could result in radioactivity
release which results in undue risk to the health and
safety of the public.

The Spent Fuel Pool Cooling System has two cooling trains capable of
handling the heat load generated by 3420 spent fuel assemblies plus an

additional 80 assembly offload, maintaining the pool temperature below 132 F.0

The system, with both cooling trains operating, is also capable of
maintaining pool temperature below 144 F when one complete core is unloaded

0

and stored in the pool in addition to 3420 spent fuel assemblies already
stored.

The system design will keep the maximum bulk pool water temperature below
160 F assuming an 80 assembly offload with one cooling train operational.
The minimum time to boil in the event that both loops of the cooling system
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become inoperable is 5.74 hours, assuming a worst case maximum heat load and

a bulk pool temperature of 144 F prior to the loss of cooling. Any spent

fuel pool loading scenario which meets the 160'F peak bulk pool temperature

and 5.74 hours to boil criteria is acceptable.

C d s and lassificati n

All piping and components of the system are designed to the applicable codes

and standards listed in Table 9.4-1.

9.4.2 SYSTEM DESIGN AND OPERATION

s m D cri ion

h

Each of the two cooling loops in the Spent Fuel Pool Cooling System (gee

Figure 9.4-1) consists of a pump, heat exchanger, strainer, piping,
associated valves and instrumentation. The pump draws water from the pool,
circulates it through the heat exchanger and returns it to the pool.
Component cooling water cools the heat exchanger.

The clarity and purity of the spent fuel pool water is maintained by passing

up to 150 gpm of the cooling flow through a filter and demineralizer.
Skimmers are provided to prevent dust and debris from accumulating on the

surface of the water.

= The refueling water purification pump and filter can be used separately or in
conjunction with the spent fuel pool demineralizer to regain refueling water

clarity after a crud burst in either unit. This can prevent loss of time

during refueling due to poor visibility. The system is also used to maintain
water qual'ity in the Refueling Water Storage Tanks of both units.

The spent fuel pool pump suction lines penetrate the spent fuel pool
wall above the fuel assemblies stored in the. pool to prevent loss of water as

a result of a suction line rupture. The pool is initially filled with water

at the same boron concentration as in the refueling water storage tank.
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There is sufficient capacity in the spent fuel pool to store up to 3420 spent
fuel assemblies above and beyond the space required for the complete
unloading of one unit (193 fuel assemblies) . If any of this extra storage
capacity is being utilized, it is by "cold" spent fuel assemblies. These are
assemblies that have been removed from the reactor (e.g. during previous
refuelings) and have been stored sufficiently long to reduce decay heat
production to a relatively low level.

During normal operation, with two cooling trains operating and with up to
3420 spent fuel assemblies stored in the pool, the cooling system will

omaintain the pool'temperature below 132 F. In the same scenario, with only
one cooling train in operation, the pool temperature is analyzed to remain

0below 160 F. Under the maximum anticipated heat loading - 3420 spent fuel
assemblies plus one complete core, and only one cooling train available, the

0temperature is analyzed to remain below 180 F. This scenario is not part of
the design basis of the system and results in an unacceptable bulk pool
temperature. With the maximum heat loading 3420 spent fuel assemblies plus
one complete core and two cooling trains operating, the temperature is
analyzed to remain below 144 F.

If all cooling is lost and 3420 spent fuel assemblies are stored in the pool,
0the time required for the spent fuel pool to boil (approximately 242 F) with

one complete core added, is approximately 5.74 hours assuming an initial
steady state bulk pool temperature of 144 F.

A failure consideration applicable to both units is a remote occurrence.
However, should both cores require removal when up to 3420 fuel assemblies
are already in the spent fuel pool, one of the cores is placed in the spent

. fuel pool and'-'the other is left in its reactor vessel. The core added to the
spent fuel pool brings the inventory up to 3613 assemblies, which can be

safely handled. The other core is left in place in its reactor vessel, with
the residual heat removal system in service, until there is space available
for it in the spent fuel pool.

9.4-3 July 1997



The spent fuel pool is located outside the reactor containment. During
refueling the water in the pool can be isolated from that in the refueling
canal by a gate valve so that there is only a very small amount

of interchange of water as fuel assemblies are transferred.

~Com onen s

Spent Fuel Pool Cooling System component design data are listed in
Table 9.4-2.

Spent Fuel Pool Hear Exchangers

The two spent fuel pool heat exchangers are of the shell and U-tube type with
the tubes welded to the .tube sheet. Component cooling water circulates
through the shell, and spent fuel pool water circulates through the tribes.
The tubes are austenitic stainless steel and the shell is carbon steel.

Spent Fuel Pool Pumps 0
The two spent fuel pool pumps circulate water in the spen" fuel pool cooling
loops. All wetted surfaces of the pump are austenitic stainless steel, or
equivalent corrosion resistant material. The pumps are operated manually
from a local station.

Spent Fuel Pool Filter

The spent fuel pool filter removes particulate matter larger than 5 microns
from the spent fuel pool water. The filter element is disposable. The

vessel shell is,austenitic stainless steel.

Spent Fuel Pool Strainer

A stainless steel strainer is located at the inlet of each fuel pool
cooling suction line for removal of relatively large particles which might
otherwise clog the spent fuel pool demineral'izer or damage other components

in the system.
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Spent Fuel Pool Demineralizer

The demineralizer is sized to pass up to 150 gpm of the cooling flow
to provide adequate purification of the fuel pool water for unrestricted
access to the working area and to maintain water clarity.

Spent Fuel Pool Skimmer

A spent fuel pool skimmer pump, strainer, filter, and two skimmers
are provided for surface skimming of the spent fuel pool water. This
subsystem maintains the needed clarity for visual observations of the pool
water.

Refueling Water Purification Pump

The shared refueling water purification pump provides for circulation of
refueling water from either the refueling canal or the refueling water
st'orage tank for purification. Ets wetted surfaces are austenitic stainless
steel.

Refueling Water Purification Filter

The refueling water purification filter "emoves particulate matter larger
than 5 microns from the refueling water. The filter element is disposable.—

Spent Fuel Pool Cooling System Valves

Manual stop valves are used to isolate„ equipment and manual throttle
- valves provide- flow control. Valves in contact with spent fuel pool water
are austenitic stainless steel or equivalent corrosion resistant material.
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Spent Fuel Pool Cooling System Piping

All piping in contact with spent fue'ool water is austenitic stainless
steel. The piping is welded except where flanged connections are used

at 'the pumps, heat exchangers, and filters to facilitate maintenance.

9.4. 3 DESIGN EVMUATION

Availabili and Reliabili

The availability of two-cooling- tr~-.allows prolonged. outages-of either-
cooling loop.

~nanna s Provisions

I

whenever a leaking fuel assembly is transferred fran the fuel transfer
canal to the spent fuel storage pool, a small quantity of fission
products may enter the spent fuel cooling water. A purification loop

is provided for removing these fission products and other contaminants

fran the water.

Incident Control

The most serious failure of this system would be ccmplete loss of water

in the storage pool. To protect against this possibility, the spent

fuel pool cooling connections enter near the water level so that the
\

pool cannot be gravity-drained.

Malfonoaion ~Anal is

Failure analyses of 'system pumps, heat exchangers and valves are presented

in Table 9.4-3.
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9.4.4 TESTS AND INSPECTIONS

The active components of the system are in continuous use during normal plant
operation. The spend fuel pit pumps are periodically tested in accordance
with the requirements of the applicable edition of the ASME OM Standards.
Additionally, periodic visual inspections and preventive maintenance are
conducted following normal industry practice.
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Pae2oE4

Spent fuel pool skimmer pump

Number

Design pressure, psig
'Design temperature, F

0

TABLE 9.4-2 (cont'd.)

1 (Shared)

50

200

Design flow rate, gpm

Minimum developed head, ft.
Temperature of pumped fluid, F

Fluid
NPSH, ft. (available/required)
Material

100

50

75 - 150

Sgent fuel pool water

30/2

Austenitic Stainless Steel

Refueling water purification pump

Number

Design pressure, psig
Design temperature, F

0

Design flow rate, gpm

Minimum developed head, ft.
Fluid
NPSH, Ft. (available/required)

Material

600

200

Nom. 100, Max 150

130

Refueling water

8 100 gpm 30/5,

Q 150 gpm 43/7
Austenitic stainless steel

Spent fuel pool demineralizer
Number

Vessel design pressure, psig Internal-
External-

Vessel design temperature, F

Design flow rate, gpm Maximum

Minimum D/F

Normal flow, gpm

Normal operating temperature, F

Normal operating pressure, psig
Resin type

9.4-10 '

(Shared)

Flushable
200

15

250

100

10

100, Max 150

120

250

anion and cation
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TABLE 9.4-2 (Cont'd)
PBCBP 3 i4

Spent fuel pool filter
Number

Xnternal design pressure, psig
Design temperature, F

0

Design flow rate, gpm

Filtration requirement

1 (Shared)

Replaceable (Cellulose aodior
glass/resin)
200

250

Nom. 100, Max. 150

9B% retention of particles
above 5 micron

Spent fuel pool skimmer filter
Number

internal design pressure, psig
Design Temperature, F

0

Design flow rate, gpm

Filtration requirement

1 (Shared)

Replaceable (Cellulose and/or
glass/resin)
200

250

150

98% retention of particles
above 5 micron

Refueling water purification filter
Number

Internal design pressure, psig
0Design temperature, F

Design flow rate, gpm

Particle size retained, minimum, micron

1 (Shared)

Replaceable (Cellulose and/or
glass/res in)
200

250

Nom. 100, Max. 150

Spent fuel pool strainer
Design flow rate, gpm

Fluid

9.4-11

2 (Shared)

2300

Borated demineralized water
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9.5 COO C S

The Component Cooling System, shown in Pigure 9.5-1, is duplicated for each

unit. The only shared piece of equipment's the maintenance spare Componeat

Cooling pump installed in the Unit 1 area. The miscellaneous service train
can be fed from either safeguards train.

9.5.1 DESZCN USES

The system is designed to> a) remove residual and sensible heat from the
Reactor Coolant System, via the Residual Heat Removal System, during plant
shutdown; b) cool the spent fuel pool water and the letdown flow to the
Chemical and Volume Control System during power operation; c) provide cooling
to dissipate waste heat from various primiry plant components, and d) provide
cooling for safeguards equipment.

The system design provides radiation monitors for the detection of
radioactivity entering the system from the Reactor Coolant System and its
associated auxiliary systems, and includes provisions for isolation of system

components.

All piping and components of the Component Cooling System have been designed
to the applicable codes and 'standards listed in Table 9.5-1. Component

.cooling water contains a corrosion inhibitor to protect the carbon steel
piping and eyxipmeat.

952 SYSTEM DESZCN HAND OPERhTZON

The Component Cooling Mater (CCM) System provides cooling for the following
heat sources I
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Safeguards Traih~

a ~

b.

c ~

d.

e.

Residual Heat Removal Heat Exchanger

Centrifugal Charging Pump Gear, Lube Oil, and Seal Heat Exchangers

Safety Injection Pump Seal and Lube Oil Heat Exchangers

Residual Heat Removal Pump Seal Heat Exchangers

Containment Spray Pump Seal Heat Exchangers

Miscellaneous Services Train

a. Sample Heat Exchangers

b. Reciprocating Charging Pump Bearing and Fluid Drive Heat Exchangers

c. Spent Fuel Pit Heat Exchanger

d. Waste Gas Compressor and Seal Water Heat Exchangers

e. Reactor Coolant Pump Seal Water Heat Exchanger

f. Letdown Heat Exchanger

g. Boric Acid Evaporator Heat Exchangers

h. Steam &. Feedwater Containment Penetration Heat Exchangers

Excess Letdown Heat Exchanger

j. Reactor Support Coolers

k. Reactor Coolant Pump Thermal Barrier Heat Exchanger

Reactor Coolant Pump Motor Upper Bearing Oil Cooler

Reactor Coolant Pump Motor Lower Bearing Oil Cooler

n.

o.

15 GPM Waste Evaporator Heat Exchangers

Containment Air Recirculation Fan Motor Coolers

CCW minimum flow requirements for normal operation, LOCA injection and

recirculation phases and cool down are tabulated in Table 9.5-2.

The CCW system is arranged in three flow circuits, two parallel safeguards

equipment trains, and one miscellaneous services train which can be served by

either of the safeguards trains.
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Since the heat is transferred from the component cooling water to the service
water, the component cooling loop serves as an intermediate system between

the reactor coolant and the service water'system and insures that any leakage

of'adioactive fluid from the components being cooled is contained, within the

plant. The surge tank accommodates expansion and contraction, and ensures a

continuous component cooling water supply. Because this tank is normally
vented to the auxiliary building atmosphere, a radiation monitor is provided
in the supply piping to each component cooling heat exchanger. These

monitors actuate an alarm and close the surge tank vent valve when the

,radiation level reaches a preset level above the normal background.

The Component, Cooling System consists of two component cooling, pumps, two

component cooling heat exchangers, one surge tank and associated piping and

valves to serve each unit. One pump and heat exchanger, with associated
I

equipment, forms a l00% train. An additional pump is provided as an

installed maintenance spare for either unit and is located in a cross tie
header between the Unit 1 and 2 systems. The piping and valve arrangement j,s

such that the maintenance spare can supply water to any one of the four
trains, after the electrical controls have been transferred to it from the
aff'ected train.

One pump and one heat exchanger are required for the removal of residual and

sensible heat from the reactor coolant system via the residual heat removal

system during the "ooldown of one unit. Full power operation of one unit,
including cooling of a spent fuel pit heat exchanger, lj.kewise requires one

pump and one heat exchanger. Therefore, the remaining train serves as a

standby and can be placed in service, if required, to increase system

capability. Provision is made to add makeup to the system through lines
connected to the surge tank.

4

The operation of the system is monitored with the following instru-

mentationn:
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a) Temperature recorder and alarm in the outlet lines for each of the
component cooling heat exchangers

b) A pressure and flow indicator in the supply line to each of the

component cooling heat exchangers

c) A radiation monitor in the supply lines to the component cooling
heat exchangers

d) Flow indicators and/or alarms, located in the discharge lines of the

major heat exchangers served by the system

e) Temperature indicators and/or tempe'rature test points located in
the discharge lines of the major heat exchangers served by the
system. I

In the event of a loss of coolant accident, one pump and one .heat exchanger

are capable of fulfillingsystem requirements. Following a LOCA, both trains
receive an automatic start signal. Cooling water for the component cooling
heat exchangers is supplied from the Essential Service Hater System <Chapter

9) insuring a continuous source of cooling medium.

~
'.5.3

COMPONENTS

Component Cooling System component design data are listed in Table 9.5-3.

om nen C olin H Ex han er

The component cooling heat exchangers are of the shell and tube type.
4 ~

Service water circulates through the tubes while component cooling water

circulates through the shell side. The shell side is of carbon steel and the

tubes are of arsenical copper.
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Co one t Coolin Pum s

The component cooling water pumps which circulate water through the component

cooling water loops are horizontal, centrifugal units and motor driven. The

motors receive electric power from normal and emergency sources.

Co onent Coolin Sur e Tank

The component cooling water surge tank accommodates changes in component

cooling water volume and is constructed of carbon steel. In addition to

piping connections at each pump's suction, the tank is provided with a means

of adding a chemical corrosion inhibitor to the component cooling Loop. The

tank is internally divided (baffled) to form, in effect, two compartments.

This arrangement provides redundancy for a passive failure during
recirculation phase following a LOCA.

Valves

The valves used in the component cooling loop are constructed of carbon steel
with the internals upgraded 'to stainless steel as needed during repairs.
Since the component cooling water is normally not radioactive, special
provisions to prevent Leakage to the atmosphere are not provided. Relief
valves are provided for lines and components that could be pressurized beyond

their design pressure by improper operation or malfunction.

The relief valves on the component cooling water lines downstream from each

reactor coolant pump thermal barrier are designed to relieve excessive

pressure that may be caused by over heating. The relief valve set pressure

equals the design pressure of the particular segment of piping between the

upstream check valve and downstream motor-operated discharge valves.

9.5-5 July 1996



The relief valves on the cooling water lines downstream of the sample, excess

letdown, seal water,,spent fuel pit and residual heat" exchangers are sized to
relieve the volumetric expansion occurring if the exchanger shell 'side is
isolated and high temperature liquid flows through the tube side. The set
pressure is less than oi equal to the design pressure of the shell side of
the heat exchangers.

The relief valve on the component cooling surge tank is sized to relieve the
maximum flow rate of water that would enter the surge tank following a

rupture of a reactor coolant pump thermal barrier cooling coil. The set
pressure assures that the design pressure of the component cooling system is
not exceeded. The discharge of this valve is directed to the waste holdup
tank.

The component cooling water surge tank vent-overflow line, which is open to
the auxiliary building atmosphere, is equipped with an air-operated valve
that will close automatically if radiation is detected in the system..A
vacuum breaker valve is also provided to prevent collapsing this tank in the
event of a large loss of water in the system.

~Pi ~in

The component cooling loop piping is carbon steel with flanged joints and

connections at components which might require removal for maintenance. All
other joints are welded. One exception to the carbon steel is that portion
of the piping between the double check valves and the motor-operated

- discharge isolation valves for the reactor coolant pump thermal barrier
cooling which is stainless, steel.
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9.5.4 SYSTEM EVALUATION

Availabili and R li bilit

The component cooling pumps, heat exchangers, and associated valves, piping
and instrumentation are located outside of the containment and are therefore
available for maintenance and inspection during power operation. Replacement

of a pump, or maintenance on a heat exchanger is practical while redundant
units are in service. Sufficient cooling capability is provided to fulfill
all system requirements under normal and accident conditions. Adequate

safety margins are included in the size and r mber of components to preclude
the possibility of a component malfunction adversely affecting operation of
safeguards equipment.

In i n on rol

If outleakage occurs anywhere in the Component Cooling System, including a

non-seismic I component served by the Miscellaneous Service Train, detection
is accomplished by falling level in the surge tank. The surge tank is
equipped with a low level alarm that annunciates in the control room. Level
alarms from the sumps to which this water «ill drain, also serve as leak
indicators.

The leaking portion of the system is then shut down and isolated and the
backup train is put in operation. To minimize the possibility of leakage
from piping, valves, and equipment, welded construction is used wherever

possible.

For leakage into the Component Cooling System, a high level alarm is provided
at the surge tank.
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The component cooling water could become contaminated with radioactive water

due to a leak in any heat exchanger tube in the chemical and volume control,
residual heat. removal, sampling or the spent fuel pool cooling system or from

a leak in a cooling coil for the thermal barrier cooler on a reactor coolant

pump.

The detection of this contamination is by a radiation monitor located in the

component. cooling water, supply to each of the component cooling water heat

exchangers.

Component cooling water flow at a "educed rate is automatically established
to the residual heat removal heat exchanger at the safety injection signal.
Since the thermal demand on this heat exchanger is minimal at this time, fu'1
design component cooling water flow is not required. When it has been

established that both component cooling water pumps have been started„ fu''
design flow will be established to the residual heat removal heat exchangers.

The component cooling water lines to and from the reactor support coolers and

the excess letdown heat exchanger have valves outside the containment wall
which are automatically closed on the Phase A isolation signal".

Zf normal seal water supply is unavailable to the reactor'coolant pumps, the

cooling water to the RCP thermal barriers should be available to assure that
there will be no mechanical damage to the pump. Therefore, isolation valves

for the component c ling water for this service are not automatically closed

until a Phase B (containment spray) containment isolation signal is received.
The cooling water supply line to the reactor coolant pumps contains two

remote-operated valves in series outside the containment wall. The return
lines from the thermal barriers and RCP motor bearings each have two

remote-operated valves in series outside the containment wall. These

redundant valves assure .the ability to isolate this circuit if a leak
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is detected. Leak detection is accomplished by flow alarms and

indicators in the supply and return lines of this circuit.

Except for the normally closed makeup line and equipment vent and

drain lines, there are no direct connections between the component

cooling water and other systems. The equipment vent and drain lines
outside the containment have manual valves which are normally closed
unless the equipment is being vented or drained for maintenance or
repair operations.

Malfunctions Anal sis

A failure analysis of pumps, heat exchangers and valves is presented
in Table 9.5-4.

9.5.5 MINIMUM OPERATING CONDiTIONS

Mini'mum operating conditions are given in the technical specifications.

9.5.6 TESTS AND INSPECTIONS

Components of the Component Cooling System are tested in accordance with
the requirements of ASME BEPV Code Section Xi and, beginning with the 3rd 10

year interval ISI program, pump and valve tests are in accordance with ASME

0&M Standards and NUREG-1482. Containment isolation valves will be tested
periodically in accordance with procedures established in Chapter 5.
Periodic visual inspection and preventative maintenance are conducted
following normal industry practice.
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TABLE 9.5-1

COMPONENT COOLXNG SYST~ CODE REQUIREMENTS

component cooling heat eachangers ASME B&PV Code

Section VZZZ

1968 Edition

Component cooling surge tank ASME B&PV Code

Section VZZX

1968 Ediiton

Cacqmnent cooling loop piping and valves USAS B31. 1
0

1967 Edition

Pressure containing components (or comparuaants of components) through which
'eactorcoolant circulates at pressures and temperatures significantly less

than the reactor operating'conditions at rated power, will comply with the
followtnq codes:

a. System Pressure Vessels - ASME Boiler and Pressure Vessel Code,

Section ZZZ, Class C.

b- „System Valves< fittings and Piping - USAS 831.1- 1967 Edition .

0
Repairs and replacements for piping are conducted in accordance with ASME

Section IZ
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TABLE 9.5-2
COMPONENT COOLING WATER SYSTEM

MINIMUM FLOW REQUIREMENTS PER TRAIN (GPM)

Service

Safe uardn
Train'ORNALOPBRATION LOCA INJBCTION LOCA RBCIRCULATION

RHR Heat Bxchangar

CCP PP Hx

SI PP Hx

RHR PP Hx

CTS PP Hx

Subtotal

31

31

31

20

59

4950

31

20

5009

4950

31

20

5009

Niocellaneoun Train

BA Bvaporator

SPP
Hx'anta

Gan Comprenooro

Sample Coolers (UI/U2)

Pont Accident Sampling
System'etdown

Kx'eal

Hater Heat Bxchanger

Ctmt. Pen. Cooling

CBQ Pan Htro

RCP Hotoro

RCP Thermal Barrier Hxo

Reactor support clrs

Subtotal (Ul/U2)

Totalo (Ul/U2)

1442s

2980

4'
139/169s

984s

199

300

404

140

6670.5/6700.5

6701 ~ 5/6731 ~ 5

59/59

59/59

15

59/59

5068/5068

42.'5

139/169s

984s

199

300

404

140

40

2248.5/2278.5

7257.5/7287.5

Noteos 1.

3 ~

5.
6.

The flows ohown reflect the uoa of one oafeguard's 'train. The oecond safeguard train may be placed in service provided the necenoary equipment
io operable. Single train operation results in minimum safeguard'o requirements and a minimum cooldown.
por LOCA Recirculation only one CBQ fan is required. An analyois wao performed which determined acceptable performance at a reduced flow of 15

gpm
The 44 gpm flow in based on the use of 3 model QC-563 (10 gpm aa.) and 1 model QC-501 (14 gpm) sample coolero.
SPP Hx io aooumed to be on the non-accident unit.
These flows repreoent the maximum flown; they may be oignificantly reduced an necessary to control process temperatures.
The Letdown Hx io anoumed to be innervice. The excess letdown Hx io'placed inoervice if the letdown Hx in unavailable. Tha exceno letdown
Hx'n design flow rata io 230 gpm.
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Typical of the analysd's performed on samples are boron concentration,
fission product radioactivity level, dissolved gas content, and

corrosion product concentration. In addition, local sample points are

provided at various locations outside the reactor containment for occasional

sampling of other systems. These are not considered part of the sampling

system. Analytical results are used to regulate boron concentration,
evaluate fuel element integrity, evaluate mixed bed demineralizer
performance, regulate additions of corrosion controlling chemicals and

monitor primary and secondary water purity. Except for the steam generator
blowdown sampling, the NSS is designed to be operated manually and

intermittently for conditions from full power operation to cold shutdown.

Gamma spectrometric analyses of the liquid primary coolant samples are

performed, where possible, without further preparation of the sample.

In instances involving separation techniques, the time delay is
dependent upon the particular component of* interest. For normal routine
analyses of liquid samples, including non-radioactive species, completion can

usually be accomplished within 4 hours,

For gaseous components of primary coolant, liquid samples are collected
in pressure sampling vessels and degassed in the laboratory according to
detailed plant procedures. Gas samples are then counted utilizing gamma

spectrometry. In most cases, this can be accomplished within 1'-2 hours after
sampling.

The NSS incorporates means of purging a sample line for a sufficient period
of time to ensure collection of a representative sample. Local flow,
temperature and pressure measuring devices have been included in the nuclear-

sampling room:.to monitor these parameters.

9.6-3 July, 1997



Liquid samples are cooled and depressurized. Temperatures are maintained
high enough after cooling to prevent solids from precipitating out. In
addition, sample runs are kept to the minimum practicable and all sample
lines and coils are constructed of materials compatible with coolant
chemistry.

The reactor coolant sample points which are normally inaccessible and
which require frequent sampling are permanently piped to a sampling room.
The sample lines originating inside the reactor containment have remotely-
operated isolation valves outside the containment. A delay coil located
inside the containment provides for decay of short-lived radioactive
isotopes present in the reactor coolant system'samples. With the delay
coil, it takes 2 1/2 to 3 1/2 minutes for a sample increment to reach the
sampling room. The samples are cooled as they flow through the sample
heat exchangers and the pressure is reduced by pressure-reducing needle
valves. The sample flow is directed to the volume control tank through a

purge line until sufficient volume has passed to obtain a representative
sample. A portion of the flow is then diverted to the sample sink
where the sample is collected. Reactor coolant gas samples and pressurizer
steam samples are collected in sample vessels.

Liquid samples originating upstream and downstream of the Chemical and
Volume Control System mixed bed demineralizer pass through a common

sample line at the sample sink. The sample from the volume control
tank gas space of the Chemical and Volume Control System is also collected
in a sample vessel.
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9.7 R COMPONENTS AND FUEL HANDLZNG SYS~~

The Reactor Components and Fuel Handling System provides a safe,
effective means of transporting and handling fuel from the time it
reaches the plant in an unirradiated condition until it leaves the
plant 'after post-irradiation cooling. Each unit has 'ts ovn fuel
handling equipment vithin its containment and an independent fuel
transfer mechanism. Other fuel handling equipment used in and around
the spent fuel pool is shared.

The system is designed to minimize the possibility of mishandling or
of maloperations that could cause fuel damage and potential fission
product, release.

The Reactor Components and Fuel Handling Systems consist basically of:

a) The reactor and refueling cavities.

b) The transfer canal and the spent fuel pool, which are
accessible to operating personnel.

c) The Fuel Transfer System, which consists of an undezvater
conveyor, RCC changing fixture, neo and spent fuel handling
crane, manipulator crane, transfer tube, and new fuel
elevator.

d) Fuel racks.

e) Polar crane.
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9.7.1 DESZGN BASES

Pr v n ion of Fu l tora e Cri icali

Criterion: Criticality in the new fuel storage room and the spent fuel
storage pool shall be prevented by physical systems or
processes. Such means as geometrically safe configurations
shall be emphasized over procedural controls.

During reactor vessel head removal, and while loading and unloading fuel from

the reactor, the boron concentration is maintained at not less than that
required to shutdown the core to a K,~z 0.95. Refueling water boron

concentration is verified in accordance with technical specification
surveillance requirements to ensure the proper shutdown margin.

The new fuel storage racks are designed so that it is impossible to
I

insert assemblies in other than the storage cells 'n the racks,
thereby maintaining separation. The poisoned high density spent fuel storage
racks are designed such that no assembly can be placed any closer to another

assembly than that required by the critical analysis to maintain the required

K,zz of < 0.95. The new fuel storage rack accommodates 144 fuel assemblies,

over two-thirds of a core, and a spent fuel storage pit accommodates 3613

fuel assemblies, slightly more than eighteen and one-half cores, plus the

required spent fuel shipping cask area. Borated water is used to fill the

spent fuel storage pool and maintain it at a concentration to match that used

in the refueling cavity and refueling canal during refueling operations.
(The fuel is stored in a vertical array with sufficient center-to-center
distance between assemblies to assure k,zz < 0.95 [even if unborated water is
used to fill the pool.])

The new fuel storage vault (NPSV) rack analysis is based on maintaining K,ff
c 0.95 under full water density conditions and < 0.98 under low water

density (Optimum moderation) conditions.
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The design basis for preventing criticality outside the reactor is that,
including uncertainties, there is a 95 percent probability at a 95 percent
confidence level that the effective neutron multiplication factor, K,~~, of
the NFSV when flooded with full density water will be less than 0.95 as

recommended by ANSI'7.3-1983 and NRC guidance. Furthermore, the effective
neutron, multiplication factor, K,z~, of the NFSV under optimum moderation

(aqueous foam) conditions will be less than 0'.98 as recommended by NUREG-

0800.

Fuel assemblies and enrichments up to 4.55 w/o'~'U can be safely stored in
the NFSV. The maximum 95/95 K,zz determined fo= full water density flooding
is 0.9495 and the maximum 95/95 K,zz determined for optimum moderation

flooding is 0.8974. Based on these previously calculated K,zz values, the

acceptance criteria are met for both full and optimum water density flooding
of the new fuel storage racks. A maximum nominal enrighment of 4.95 weighd

.percent U-235 for Westinghouse fuel types is acceptable provided that
sufficient integral fuel burnable absorber is present in each fuel assembly

.stored in the new fuel storage racks such that the maximum reference fuel
assembly k„ is less than or equal to 1.4857 at 68oF.

An exemption'from the requirements of 10 CFR 70.24, which requires a

criticality monitoring system and emergency procedures for the handling and

storage of unirradiated fuel, has been granted. The basis for the exemption

is that inadvertent or accidental criticality will be precluded through

compliance with the Cook Technical Specifications, the geometric spacing of
fuel assemblies in the new fuel storage facility and spent fuel storage pool,
and administrative controls imposed on fuel handling procedures.

Detailed information is available for use by refueling personnel. These

instructions, safety limits and conditions and the design of the fuel
handling equipment incorporating built-in interlocks and safety features,
provide assurance that no incidents can occur during the refueling
operations that could result in a hazard to public health and safety.
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fuel provides an effective, economic and transparent radiation shield, as

well as a reliable cooling medium for removal of decay heat. Boric acid is
added to the water to further ensure subcritical conditions during refueling.

In the reactor cavity, fuel is removed from the reactor vessel, transferred
through the water and placed in the fuel transfer system by a manipulator
crane. In the spent fuel pool, fuel is removed from the transfer system and

placed in the poisoned high density storage racks with a long manual tool
suspended from an overhead hoist. After a sufficient decay period, the fuel
is expected to be removed from storage and loaded into a cask for removal

from the site or continued on-site dry storage, unless it is desired to

retain them in the spent fuel pool. Up to 3420 fuel assemblies may be stored
and still retain capacity to store up to an additional 193 fuel assemblies

which corresponds to a complete unloading of one unit. New fuel I

assemblies are received and eventually transferred to the spent fuel pool or
new fuel storage vault for temporary storage or to the reactor core. The new

fuel storage vault is sized for storage of the fuel assemblies and other
nuclear fuel components normally associated with the replacement of up to 144

assemblies for either or both units. New fuel is loaded into the reactor by
either lowering it into the refueling canal from the new fuel storage vault
and taking it through the transfer system, by transferring it from the spent

fuel pool via the transfer system or by transferring it directly from the

receipt canister via the transfer system.

The refueling cavity, refueling canal and spent fuel storage pool are

reinforced concrete structures with seam-welded stainless steel plate liners.
These Class I structures are designed to withstand the anticipated earthquake

loadings and to prevent liner leakage even in the event the reinforced
- - concrete develops cracks.

Re ue n 0 e at o
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1) The refueling water and the reactor coolant contain approximately

2,400 ppm boron, or a boron concentration sufficient to ensure that

the Keff < 0.95, whichever provides more margin to criticality.

2) The water level in the refueling canal is maintained high enough to

keep the radiation levels within acceptable limits when the fuel

assemblies are being removed, from the core. This water also

provides adequate cooling for the fuel assemblies during transfer

operations.

~ 3) The handling of heavy loads is controlled to reduce the possibility
of damage to nuclear fuel and/or equipment that may be required to

achieve safe shutdown and continued decay heat removal. This is

more fully described in Section 12.2.

While one unit is being refueled, there are no restrictions on the operation

of the other unit. Refueling of one unit does not affect the safety aspects

of the oth r unit.

Refu li Proc du

Pr rati n

The following general tasks are required prior to refueling:

~ The reactor has been subcritical for at least 168 hrs and cooled to

ambient conditions. The basis for 168 hours of subcriticality is
the maximum decay head load to ensure adequate heat removal

-.capability in the spent fuel pool.

~ A radiation survey is made. A procedure is followed to checkout

the functioning and operability of radiation monitors important to

refueling operations. This includes radiation monitors, both

in the containment and in the auxiliary building spent

fuel ventilation system.
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~ The reactor missile shields and the control rod drive mechanism

(CRDM) seismic restraint are removed.

~ The bulkhead sections between the reactor cavity and the refueling
cavity are removed.

~ CRDM cables and cooling air ducts are disconnected and removed.

~ Reactor vessel head insulation and instrument leads are removed.

The reactor vessel head nuts are loc=ened with the hydraulic
tensioner.

~ The reactor vessel head studs 'are removed.

~ The canal drain holes are plugged and the fuel transfer tube flange
is removed.

. ~ Checkout of the fuel transfer device and manipulator crane is
started.

~ Guide studs are installed in three stud holes and the remainder of
the stud holes are plugged.

~ install the reactor vessel to cavity seal.

~ Final preparation of underwater lights and tools is made. Checkout

of manipulator crane and fuel transfer system is completed.

~ The reactor vessel head is unseated and raised.

~ The lift of the reactor vessel head is stopped at several specified
heights to check that:

the reactor head is level
the head is not binding on the guide studs
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e

the protective sleeves for the instrument port seal assemblies

are not .being lifted.
At,the appropriate reactor vessel head lift
that the RCCA drive shafts are clear of the

height, a check is made

CRDM housings, and are

not being lifted with the head. The reactor vessel head is lifted
to clear and is taken to its storage pedestal.
The reactor cavity and refueling canal are flooded with water to
the level required for unlatching the RCCA drive shafts.
The control rod drive shafts are unlatched.
The reactor vessel internals lifting rig is lowered into position
and latched to the support plate.
The reactor cavity and refueling canal are flooded with water to
the level required for refueling.
The reactor vessel upper internals are lifted out of the vessel and

placed in the underwater storage rack.
The core is now ready for refueling.

I

I

~Ref i in

Refueling is performed with the manipulator crane, following the general

tasks listed below.

~ Spent fuel, which is to be discharged, is removed from the core and

placed on the fuel transfer conveyor for removal to the spent fuel
pool.

~ Partially spent fuel is relocated within the core or moved to the
(

spent fuel pool.

~ New. fuel assemblies and the removed, partially spent fuel
assemblies to be used in the upcoming cycle of operation are

transferred from the new fuel storage area, new fuel receipt
canister or the spent fuel pool into the refueling canal and are

f

brought through the transfer system and loaded into the core.
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Whenever fuel is added to the reactor core, a reciprocal curve of
source, neutron multiplication is recorded to verify the
subcriticality of the core.

If a transfer of the rod cluster control (RCC) elements between fuel
assemblies is required and the reactor core is not completely offloaded to
the spent fuel pool, the assemblies can be taken to the RCC change fixture to
exchange the RCC elements from one assembly to another. Should a full core

V

offload be performed during the refueling, the RCC exchange can be performed
in the spent fuel pool with a long handled tool. Such an exchange is
required whenever a spent fuel assembly containing RCC elements is removed
from the core and whenever a fuel assembly is placed in or taken out of a

control position during refueling rearrangements. Ef the previous core
design contained burnable poison rod (BPR) elements, then fuel assemblies >

with BPR elements are moved to the spent fuel, pool where the BPR element is
removed using the burnable poison handling tool, and a thimble plugging
device is inserted to restrict the flow through the guide thimbles. Such an
operation is necessary whenever a fuel assembly containing a BPR element is
to.be reinserted into the core.
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Reac or Re sembl

The following general tasks are required following refueling:

~ The fuel transfer car is parke". and the fuel transfer tube

isolation valve is closed.

The reactor vessel internals package is replaced in the vessel.
The reactor vessel internals'ifting rig is removed to storage.

~ The control rod drive shafts 'are relatched to RCC elements.

~ The manipulator crane is parked.

~ The old seal rings are removed from the reactor vessel head., the
grooves cleaned and new rings installed.

~ The reactor vessel head is picked up and positioned over the
reactor vessel.

~ The water level is lowered and the reactor vessel head is lowered.

~ The refueling cavity and refueling canal are completely drained and

the flange surface is manually cleaned.

~ The reactor vessel head is seated.

~ The guide studs and the stud hole plugs are removed.

~ The head studs are replaced and the head nuts are retorqued.

~ The canal drain holes are unplugged and the fuel transfer tube

flange is replaced.
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~ Electrical leads and cooling air ducts are reconnected to the
CRDM's.

Vessel head insulation, CRDM seismic restraints, and

instrumentation leads are replaced.

~ Remove the reactor vessel to cavity seal.

~ Control rod drives are checked.

II

~ The reactor missile shield is picked up with the polar crane and

replaced.

~ Pre-operational tests are performed.

M 'or Structur s Re ired f r Ref elin

R fu lin vit

The refueling cavity is a reinforced concrete structure that forms a

pool above the reactor when it is filled with borated water for refueling.

The cavity is filled so that at least 23 feet of water is maintained over the
reactor pressure vessel flange. The radiation at the surface of the water is
limited to a level as low as reasonably achievable during those periods when

a fuel assembly is transferred over the reactor vessel flange.

The reactor vessel flange is sealed to the reactor cavity by a Preferred
Engineering mechanical seal which prevents leakage of refueling water from

~ the refueling-'cavity. This seal is installed after reactor cooldown but
prior to flooding the refueling cavity for refueling operations.
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The floor and sides of the refueling cavity are lined with stainless steel.
The refueling cavity has been designed to be within the stress and strain
limitations- of the ACI Code 318-63, using working stress design criteria for
operating conditions, and ultimate strength design criteria for accident
conditions. Analysis of the refueling cavity has been made using the AEP

FRAME Program. The heat generation "rates due to radiation in the primary
concrete were calculated by using a point kernel analysis technique. In
addition to the reactor core sources, the code considers the capture gamma

and inelastic neutron scattering contributions outside the core, and within
the concrete.

R f lin n 1

The refueling canal is a passageway extending from the refueling cavity to
the inside surface of the reactor containment. The canal is formed byitwo
concrete shielding walls which extend upward to the same elevation as the
reactor cavity. The floor of the canal is at a lower elevation than the
reactor cavity to provide the greater depth required for th~ fuel transfer
tipping device and the control cluster changing fixture located in the canal
The transfer tube enters the reactor containment and protrudes through the
end of the canal. The canal is a stainless steel lined reinforced concrete
structure.

The refueling cavity is large enough to provide storage space for the reactor
upper and lower internals, the control cluster drive shafts, and

miscellaneous refueling tools.

The refueling cavity and refueling canal are modeled as one unit; as a grid
of beams and columns. The static and thermal loads are introduced as input
at the node points of the gridwork. Seismic loading is entered using the
acceleration responses determined from previous analyses. All stresses in a

loading combination are combined algebraically. The seismic stresses are
consider'ed to be reversible in sign, so as to'give maximum calculated
combined stresses. The refueling cavity/refueling canal area is further
checked for seismic condition by means of the FRAME Program dynamic routines.
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Cas D o Protectio S stem

The proposed, but not installed", cask drop protection system (CDPS) consists
of a circular base plate attached to the bottom of the spent fuel shipping
cask and a combination guide structure - dashpot assembly. The guide

structure guides and restrains the falling cask in the event it is dropped,
and the dashpot decelerates the cask to a low velocity to reduce the impact
load on the floor of the pool to an acceptable value. The function of the
base plate is to act as a piston within the dashpot.

I

To lower the cask into the pool, the cask with its base plate attached is
moved from the base plate attachment area to a position over the center of
the GDPS. The cask follows a particular path so that in the event that the

cask is dropped at any point along this path, the cask will not tip into
spent fuel pool.

Cask Decontam nat o Fac lit es

h

Once the spent fuel shipping cask has been loaded, it would be removed

from the spent fuel pool and placed on a pad just beyond the pool for
decontamination prior to shipment.

The pad has a stainless steel lined base and a curb is provided around it to
prevent the water and solvents used during decontamination from spreading
over the auxii.iary building floor, Drains in the floor of the pad remove the

decontaminants to the waste disposal system for processing.

ew ue tora e

New fuel assemblies and new contxol rod clusters may be stored in an area

adjacent to the spent fuel pool, whose location facilitates the unloading of
new fuel assemblies from delivery trucks. This storage vault is designed to
hold new assemblies in specially
constructed racks. A total of 144 stox'age positions are provided. Prior

System will be installed when the need arises.
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to initial core loading for Unit 1 assemblies in excess of the number which
could be accommodated in the new fuel storage area were stored in the dry
spent fuel pool. For Unit 2, temporary storage facilities were established
adjacent to the new fuel storage area.

Use of the new fuel storage vault is not required. New fuel may be loaded

directly into the new fuel elevator from the new fuel shipping canister(s) if
desired, for temporary storage in the spent fuel pool or for direct transfer
to the appropriate refueling cavity for insertion into the reactor.

r E i m n R ired for Ref lin
R a r Ve el S d Ten ion r

Stud tensioners are used to make"up the head closure joint.

The stud tensioner is a hydraulically operated (oil is the working fluid)
device provided to permit preloading and unloading of the reactor vessel
closure studs at cold shutdown conditions. Stud tensioners were chosen in
order to minimize the time required for the tensioning 'or unloading
operations. Three tensioners are provided and they are applied

0simultaneously to three studs 120 apart. However, procedures'exist that
allow use of only two tensioners 180 apart,- if necessary. One hydraulic
pumping unit operates the tensioners which are hydraulically connected in
parallel. The studs are tensioned to their operational load in two or three
steps to prevent high stresses in the flange region and unequal loadings in
the studs. An overstroke alarm is provided on each tensioner to alert the-
operator that a tensioner is about to reach maximum stroke. Charts
indicating the stud elongation and load for a given oil pr'essure are included
in the transient operating instructions. In addition, measurements of the
elongation of the studs are performed after tensioning.

R r Ve sel H ad Lif in Device

The reactor vessel head lifting device consists of a welded and bolted
structural steel frame with suitable rigging- to enable the crane operator to
lift the head and store it during refueling operations.
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All charcoal filter equipped air handling units in the auxiliary building and

for the control rooms are provided with manual water spray deluge systems to
extinguish the charcoal filter fire. Continuous strip thermistors provide
detection and a high temperature alarm in the associated control room.

detection alarm also sends a signal to open the isolating valves in the
auxiliary building supply header and automatically opens the charcoal filter
system valve. The control valve to the affected charcoal filter water spray
system is then manually opened to fight the fire.

Hydrogen tubes outside the .auxiliary. building are. equipped with a water spray
dry pilot delug'e system similar to that provided at the office/service
building hydrogen tubes.

Ionization fire detection is provided on each floor of the auxiliary buil'ding
I

for general alarm of fire as follows:

Elev. 573'. Containment Spray and Residual Heat Removal pump Cubicles
~ (Units 1 and 2)

b. Normally accessible common areas of the Aux'.liary Building

Elev. 587'.
b.
Co

do

Transformer Rooms (Units 1 and 2)

Sampling Room (common to both units)
Spray Additive Tank Room (common to both units)
Charging and Safety Zn)ection Pump Cubicles (Units 1 and 2)

DruamMg/Drum Storage (coaxnon to both units)
Normally accessible common areas of the Auxiliary Building

Elev. 609'. Access Control (common to both units)
and 612'. AB and CD (EL 625'-10") Battery Rooms (Units 1 and 2)

c. El 617'alve Gallery (common to both units)
d. NESW Valve Gallery (Units I and 2)

e. Normally accessible common areas of the Auxiliary Building

Elev. 633'. New Fuel Storage Room (coamon to both units)
b. N-Train Battery Rooms (Units 1 and 2)

c. Normally accessible common areas of the Auxiliary Building
I
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Elev. 650'. Control Room Equipment Rooms (Units 1 and 2)

b. Normally accessible common areas of the Auxiliary Building
c. Computer Rooms (Units 1 and 2) (High Voltage Detectors)

A combination of thermal and infrared detectors is provided in the Main Steam

Valve Enclosures East, and a combination of ionization and infrar'ed detectors
is provided in the Main Steam Line Area of Units 1 and 2 at elevation 612'.

R r on ainmen s

Containment cable trays, reactor coolant pumps and HVAC charcoal filters are
equipped with continuous strip thermistor fire detection which will
annunciate in the control rooms.

I
The HVAC charcoal filters have water spray deluge fire suppression systems
and are actuated by the thermistor detection.

Reactor coolant pumps are equipped with preaction water spray systems,
/

manually operated from the control rooms in the event of a lubricating oil
fire. Additionally, the RCP motors are provided with an oil spillage contrcl
and retention system to preclude spreading oil from a pressure or gravity
type leak.

Water supply to containment fire protection is from the non-essential service
water system.

L w-Pre sur Carb n Dioxid S stem

A 17-ton capacity low-pressure carbon dioxide system, located in the
auxiliary building, is provided for automatic and/or manual protection of
various areas as listed below. The amount of CO in the system is sufficient

2
to protect the largest single hazard in the plant. The CO is stored in an

2
insulated pressure vessel having an automatically operated refrigeration
system. Operation of the CO systems is annunciated and activates the
control room alarm system.
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The areas protected by the low-pressure CO system and the type of fire
2

detection are as follows:

1. Turbine Building

a) Lubricating oil storage rooms Units No. 1 and No. 2. Manual

(backup to Automatic Sprinkler System)

b) Main turbine oil tank rooms Units No. 1 and No. 2. Manual

(backup to Automatic Sprinkler System)

2. Auxiliary Building

a) AB and CD emergency diesel generator rooms Units No. 1 and No.

2. Continuous-strip thermistor detection. (2 zones for each

room)

b) Diesel oil pump and valve station rooms Units No. 1 and No. 2.

Continuous-strip thermistor detection.

c) Electrical switchgear rooms Units No. 1 and No. 2.

1. 4.16 kV switchgear rooms. Infrared and ionization
detection.

2. 4. 16 kV/600 V transformers and engineered safety
equipment rooms. Infrared and ionization detection.

3. 4.16 kV/600 V transformers, control rod drive and

invertor rooms. Infrared and ionization detection.

d) Electrical switchgear room cable vaults Units No. 1 and No. 2.

.. Infrared and ionization detection.

e). Auxiliary cable vaults Units No. 1 and No. 2. Ionization
detection.

f) Control room cable vaults Units No. 1 and No. 2.

Manual (backup to Halon 1301 systems)
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g) Electrical penetration area cable tunnels Units No. 1

and No. 2.

2 u

3 ~

4.

5

6.

Quadrant 1. Znfrared and ionization detection.
Quadrant 2 Znfrared and ionizati.on detection.
Quadrant 3 north. Znfrared and ionization

f

detection.
Quadrant 3 middle. Znfrared and ionization
detection.
Quadrant 3 south. Znfrared and ionization
detection.
Quadrant 4 Znfrared and ioni.zation detection.

3. Carbon dioxide hose reel stations are provided for manual fire
fighting i.n the auxiliary building, switchgear rooms, and

at the entrances to the control rooms, diesel generator rooms'

and electrical penetration area cable tunnels.

ao 0 Set

Halon 1301 systems are provided for automatic fire protection in various
areas of the plant. Locations of these systems include the control room

. cable vaults, the computer rooms and underfloor, control points for the plant
security system, and as previously mentionedy the TSC computeL roomy TSC

console room, and TSC UPS inverter room. Actuation is by twci zones of
ioni.zation detection for each system.

Cont o Room P P otec o

The control rooms are equipped with portable fire extinguishers. Detection

systems of-.the ionization type are installed. The control rooms are occupied

at all times by operators who have been trained in fire extinguishing
procedures. All areas of the control rooms are accessible for fire fighting.
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The Control Air System includes sufficient capacity to supply the control and

instrument air requirements with the equivalent of approximately 5 minutes of
control air output after a loss of power incident. Additionally, certain
vital control valves within the containment are each equipped with a"local
receiver tank with capacity to activate the valve. Also, the control air

)

compressors can be supplied with electric power from both normal and

emergency sources so that a supply of compressed air can be made available in
any foreseeable circumstance.

The Compressed Air System includes normal accessory equipment such as dryers,
filters, storage receivers, after-coolers, and safety valves in addition to
the compryssors. A descriptive summary of the major pieces of equipment in
the system is included in Table 9.8-2.

9.8.2.3 Desi n Ev lu i n

The Compressed Air System is designed to provide a reliable source of
compressed air for all plant uses.

During normal operation, either one of the two plant air compressors

is capable of supplying the en"ire demand of both plant and control-
instrument air requirements for both units.

Low plant air header pressure will automatically start the second plant air
compressor. A lower control air header pressure in either unit
will automatically start that unit' control air compressor. A

further degradation in the plant air header pressure will cause the four air-
operated isolation valves located in the plant air ring header to close, thus

completely isolating the control air systems of the two units.

This system arrangement allows either unit's plant air system to be removed

from service should that become necessary while allowing the remainder of the

plant air system as well as both unit's control air system to continue in
operation. This isolation can be achieved by closing the two air-operated
isolation valves which serve the effected unit.
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In this manner, each unit still retains,a backup supply of compressed air
from its own control air compressor.

A failure in the control air system of one unit will not affect the control
air system of the other unit because check valves in the control air off-
takes from the plant air header prevent back flow.

9.8.2.4 Tes s n Ins ions

The "Compressed Air System" pre-operational test procedure verified the
system's automatic start sequences, the isolation of the crosstie. headers
between each unit and the interlocks which assure proper operation of the
equipment. Performance tests are performed on both the plant air and control
air compressors in which the capacity, pressure and temperature of
the compressed air are measured. The surge point for the plant air
compressors is determined as is the load and unloa'd pressure of the control
air compressors. Individual components such as after-cooler's, pre- and
after-filters, and air dryers are also tested to assure proper operation of
the system.

9.8.3 SERVICE WATER SYSTEMS

The Service Water Systems are shared by bc"h units.

9.8.3.1 D si n B si

The Service Water Systems supply cooling water to various heat exchangers in
both the primary and secondary systems of each unit. Provisions are made to
ensure h continuous flow of cooling water to those systems and components
necessary for plant safety both during normal operation or under accident
conditions. Sufficient redundancy of piping and components is provided to
insure that cooling is maintained to vital services at all times.
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Service water is provided by two independent systems, the„Non-Essential

Service Water System shown in Figures 9.8-4, 9.8-5 and 9.8-6 and the

Essential Service Water System shown in Figure 9.8-7. Each system

consists of four operational pumps, each with a duplex automatic

backwashing strainer in its discharge line, and associated piping and

valves. The design parameters of these components are listed in Table
9.8-3.

Non-Essential Service Water S stem

The Non-Essential Service Water System supplies cooling water to the

following components. Turbine oil coolers, air compressors, the upper
and lower containment ventilation units, reactor coolant pump motor air
coolers, and miscellaneous services, none of which are required for
plant safety related functions. Cooling requirements are given'n Table
9.8-4. Three of the four pumps are normally operated to provide service
water to the two units with one pump held in standby. All pumps are

able to take suction from either the Unit 1 or Unit 2 Circulating Water
J

Intake Tunnels or discharge tunnels. The system discharges into either
the Unit 1 or Unit 2 Circulating Water Discharge Tunnels. Thus,
Non-Essential Service Water supply to both units is assured, even if
the tunnels of one unit are out of service.

Following a loss of all off;site power, the non-essential service water

pumps are automatically started as soon as the emergency diesel gener-

ator power becomes available. Under those conditions the pumps are

primarily used to supply cooling water to the control air compressors in
order to restore control air service. All motor-operated valves on the

non-essential water systems are operated from the station battery
system. Cross-ties between the pumps permits any one pump to supply the

initial blackout requirements for both units.
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The discharge strainers of the pumps are of duplex construction, with
automatic backwashing. Each strainer is effectively two strainers in one

casing with flow directed through one half, while slide gates block off the

other half. When the strainer is in service and if it becomes dirty or
clogged, a high differential pressure signal initiates a shift of the slide
gates blocking the flow to the dirty basket and directing it through the

clean basket. The dirty basket is then backwashed and is ready for re-use.

E s ntial ervi e Wa er S stem

The Essential Service Water (ESW) System supplies cooling water to the
following components:

a. Component Cooling Heat Exchangers

b. Containment Spray Heat Exchangers

c. Emergency Diesel Generators

d. Auxiliary Feedwater System

e. Control Room Air Conditioners

During normal operations essential service water is supplied continuously to
the Component Cooling Heat Exchangers and the Control Room Air Conditioners
while the Containment Spray Heat Exchangers and the Emergency Diesel
Generators are supplied only when these systems are in operation. En

addition, the essential service water system serves as back-up water sources

to the auxiliary feedwater pumps for use when the condensate storage tank,
the normal supply for the auxiliary feed-water system, is either empty or
otherwise lost as a source of supply.

The system, consists of four essential service water pumps, four duplex

strainers and associated piping and valves. System piping is arranged in two

independent headers, each serving certain components in each unit as follows:
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For the detection of large leaks, the Essential Service Water System

is equipped with flow and pressure alarms and/or indicators which will
signify losses from the supply headers. In addition, flow indicators're
located in the Essential Service Water lines for each Component Cooling and

Containment Spray Heat Exchanger as well as each Diesel Generator. The

header supply valves are remotely operated, facilitating isolation of the

supply header or pump which has failed.

9.8.3.3 es valuet o

No - s e tia Se ce Wate S ste

The Non-Essential Service Water System is not required for the maintenance of
plant safety related functions in the event of an accident. During normal

D

operation, the system remains functional even if one Unf.t is out of service
and its circulating water tunnels are dewatered.

sse t a Se e Wate te

The Essential Service Water System is designed to prevent any failure in its
system from curtailing normal plant operation or limiting the ability of the.
engineered safeguards to perform their functions in the event of an accident.
Since the Essential Service Water System is required for long term heat
removal, it is 'designed to withstand a passive failure on a long term basis.
Although it is not a design requirement, the Essential Service Water System .

has sufficient capa- city to handle a LOCA on one unit and hot shutdown in
the other con- sidering the single failure criterion. Sufficient pump

capacity is included to provide design service water flow under all
postulated conditions. The headers are arranged such that even loss of a

C„

complete header does not )eopardize plant safety related functions. Table
9.8»6 gives a malfunction analysis of a pump, valve and strainer.
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9.8.3.4 Te t an In ion

System components were hydrostatically tested prior to station startup and

are accessible for periodic inspections or tests during operation.
Electrical components, switchovers, and starting controls are tested

periodically.'he

essential service water pumps, valves and components are periodically
tested in accordance with the applicable edition of the ASME OM Standards and

NUREG-1482. Periodic testing of the non-essential service water pumps is
conducted in accordance with normal industry practice.
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9.9

9.9 1

UXI IAR BUILD G I ION SYSTE

GENERAL DESCRIPTION

The auxiliary building ventilation systems, sho~n in Figures 9.9-1 and

9.9-2, consist of:

a. Engineered Safety Features Ventilation System (one per plant
unit) .

b.
Co

Fuel Handling Area Ventilation..System, (one shared system).

General Ventilation Systems (one per plant unit with crosstie).
General Supply System (one per plant unit).

The auxiliary building is basically a five-level compartmented structure
containing the auxiliary nuclear equipment for both units. All equipment

handling radioactive fluids is located on the lower four levels of the
auxiliary building. The fourth level also houses. the two control rooms and.

the ventilation equipment.

The auxiliary building ventilation systems are designed to maintain
temperatures in the various portions of the building within design limits for
operation of equipment and for personnel access for inspection, maintenance

and testing as required.

9.9 2 DESIGN BASES

Outside ambient conditions used for design purposes are 91 F summer dry bulb,
o o

75 F summer wet bulb and -7 F winter dry bulb. Ventilation is based on

limiting temperatures in all area to a predetermined maximum, generally
110 P, and heating is provided to maintain a 60 F minimum temperature.
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All ventilation systems serving the auxiliary building are once-through

systems. Supply air is introduced to the areas least likely to be

contaminated, and exhausted directly from those with the greatest
contamination potential. Additionally, the exhaust systems are of greater
capacity than the supply systems, thus maintaining the area within the
auxiliary building pressure boundary at a slightly negative pressure. The

auxiliary building pressure boundary is the area within the auxiliary
building which is maintained at a negative pressure by the HVAC system, as

required for radiological control.

All exhaust= air from the auxiliary building is directed to the unit vents.
There is a vent for each unit. Each vent has radiation detectors for
continuous monitoring of the exhaust air during release to atmosphere.

High efficiency particulate air filter cells are designed to remove as'uch
as 99.97 percent of solid particulates of 0.3 micron mean diameter in size.
Performance characteristics of the charcoal adsorbent provide for removal of
as much as 99.9 percent of any entrained methyl iodide or iodine vapor.

Supply and exhaust unit roughing filters have a NBS duct spot "efficiency
(Cottrell Precipitate) of 75~.

9.9.3
9.9.3.1

SYSTEM DESCRIPTIONS

En ine r d afe F ure V n il ti

The enclosures for the engineered safety features equipment for both units
are located in the lower three levels of the auxiliary building. (The

containment spray heat exchanger and residual heat exchanger enclosures

extend up into the fourth level with access into the enclosures from the

third level only.) The enclosures for each unit's safety feature equipment

are ventilated by two separate ventilation systems. The areas serviced by

this system are: the containment spray pump enclosures, the residual heat

removal pump enclosures, the safety injection pump enclosures, the residual
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heat exchanger enclosures, the containment spray heat, exchanger enclosures
and the reciprocating and centrifugal charging pump enclosures. Figure 9.9-2
shows a flow diagram of the engineered safety features ventilation system and

is typical for the system serving either unit.

The exhaust ventilation system is compo ed of two 25,000 cfm fan/ filter
exhaust units (1 standby) which draw air from the auxiliary building through
the equipment enclosures via a common vent shaft and discharge it to the unit
vent. Each fan/filter unit is composed of a 100% capacity bank of roll media

roughing filters, high efficiency particulate air filters, charcoal filters
and a 100% capacity exhaust fan. (There is a bypass on the charcoal filter
bank.) This is a Class I ventilation system, >herefore each fan/filter unit
receives power from a separate engineered safeguards system bus which can be

fed from the diesel bus and all components up to the connection to the unit
vent are of Class I design.

Normally, one fan/filter unit operates continuously, directing the exhaust
air through the rough'ing filter and high efficiency particulate air filter,
bypassing the charcoal filter, and discharging it to the unit vent. This
operation'aids in the air distribution within the auxiliary building,
isolates the atmospher'e in the enclosures by inducing a draft through the
entering portals and removes any heat genereted within the enclosures.

In the event of a Phase B Isolation signal the standby fan/filter unit is
energized and the charcoal filter bypasses are automatically closed and the
air is directed through the charcoal filters in addition to the roughing and

high efficiency particulate air filters. There are two independent air
operated, fail-closed, dampers in the charcoal filter bypass. The charcoal
filters can be placed in service when gaseous contamination warrants their
operation.

. Make-up air for the Engineered Safety Features Ventilation System is, normally
provided by the Auxiliary Building general supply. Partial make-up air can

be provided during a loss of off-site power by three 15,000 cfm fans blowing
outdoor air into the component cooling pump area of the Auxiliary Building
(third level). ,The fans are Class I design and are provided primarily'or
use in emergency conditions."
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power for two of the 15,000 cfm fans can be provided by the Unit No. 1

diesel-generators, and for the third by Unit No. 2 diesel-generators.

These fans are dual purpose during an emergency, aiding in providing safe

ambient temperature for the component cooling pump motors and providing
partial make-up air for the engineered safety features ventilation system.

The capacity of these fans is less than the engineered safety features

ventilation system exhaust fans, thus ensuring a negative pressure within the

auxiliary building pressure boundary during an emergency.

Zn addition to the engineered safety features ventilation system described

above, the emergency diesel-generator rooms, the auxiliary feed pump

enclosures, essential service water pump enclosures, safety related battery
rooms, and the electric relay rooms are ventilated by systems powered by =he

emergency diesels. These systems include supply and/or exhaust fans sized =

maintain design ambient temperatures within the various rooms and enclosures.

9.9.3.2 Fu 1 Han lin Ar a V n ila in s m

The fuel handling area is a shared facility and its ventilation system is
therefore a shared facility consisting of an exhaust system and a supply

system.

The fuel handling area exhaust system is composed of two 30,000 cfm fans

{1 standby) which draw air through a common slot exhaust plenum along the

north side of the spent fuel pool, to direct it through a filter housing and

discharges it to the unit No. 1 vent. The filter assembly is composed of
roll media roughing filters, high efficiency particulate air filters and

charcoal filters. There is a normally open bypass on the charcoal filters.
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The Fuel Handling Area Supply Air System is made up of four supply units
composed of fans, filters and steam coils. Two 11,000 cfm supply units are
located in the western section of the Fuel Handling Area and two 2,500 cfm

supply units are located in the eastern section of the Fuel Handling Area.
Normally, all four supply units operate, drawing outside air through the
steam coils and filters and discharging it into the fuel handling area. The

air is drawn through the Fuel Handling Area into the exhaust plenum, and

passed through the roughing and high efficiency particulate air filters by a

continuously operating exhaust fan and discharged into the unit no. l vent.
The combined capacity of the four supply units is less than that of a single
exhaust fan, thus the Fuel Handling Area, as well as the entire space within
the auxiliary building pressure boundary, are maintained at a slightly
negative pressure.

I
In the event that the area radiation monitors in the Fuel Handling Area give
a high radiation signal the charcoal filter bypass dampers are tripped closed
thus passing the exhaust air through the charcoal filters prior to discharge
to the vent. The Fuel Handling Area Supply Units are also tripped on the
high radiation signal, thus ensuring a negative pressure within the space.

Operation of this system is the same for both summer and winter conditions.
During winter operation the heating capacity of the supply units is
supplemented by steam unit heaters located throughout the Fuel Handling Area.

9.9.3.3 n ral Ven ila ion s em

All areas except the fuel handling area and the safeguard equipment areas are
exhausted in each unit by a ventilation system consisting of two 50% capacity
fans with roughing and high efficiency particulate air filters. There is no

standby capacity in these systems, however there is a normally closed tie-
line between the Unit No. 1 and Unit No. 2 exhaust units.
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Normally, all fans operate at their design speed and direct their air flow
through the filters and then to the unit vent. This operation induces a

draft of 50 to 150 fpm through the entrance portals of the various enclosures

thus removing any heat, vapors or particulate matter generated within the

enclosures.

The hot. laboratory chemical hood and cabinet exhaust fans, sample room sink
hood and sample rack exhaust fans also discharge into this system. In the

event of a high radiation signal from the vent monitor, the gas decay tank

discharge is automatically closed.

The hot laboratory is located in the access control area of the Auxiliary
Building. The access control area includes a radiation control office, a

radiation protection supervisor's office, a chemical foreman's office, and

other miscellaneous rooms which have no internal contamination potential, and

a hot laboratory, chemical counting room, and R. P. counting room and

decontamination area which are in a potential contamination area. The clean,
or non-contaminated rooms are air-conditioned by a conventional, partial
recirculation system which also pressurizes these areas. The potentially-
contaminated areas are air-conditioned by a once-through system with 100%

fresh air supply of conditioned air which is exhausted to the auxiliary
building general exhaust system.

The spray additive tank room houses the post-accident sampling system panel
and is normally ventilated by the auxiliary building general exhaust sys-. m.

When necessary, the spray additive tank room can be isolated from the
auxiliary building general exhaust system and ventilated by the spray
additive tank room filter unit and the spray additive tank..room. sample filter
unit. The spray additive tank room filter unit consists of a roughing
filter, HEPA"filter, charcoal absorber, a second HEPA filter, and fan. This
unit combines makeup air from outdoors with recirculated air to both
pressurize the room and remove radiation contamination in order to maintain
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the room habitable for plant personnel, The spray additive tank room sample

filter unit exhausts air from the post-accident sampling system panel and

discharges into the auxiliary building general exhaust system to prevent

contamination from the panel being discharged to the room. The spray
additive tank room sample filter unit consists of a canister HEPA filter,
canister charcoal filter, and fan.

9.9.3.4 Gene al Su 1 S stem

Normal make-up air from the outdoors. for. the'engineeredmafety features .

ventilation system and the auxiliary building exhaust system is provided by
the auxiliary building general supply system. This system consists of four
35,000 cfm capacity fans, 2 in each unit, with steam heating coils and air
filters. There is no standby capacity in this supply air system.

I

Normally all fans operate at their design speed and direct outdoor air
through the air filters and steam coils and into the building. The air is
distributed throughout the building by the suction of the various exhaust

ventilating systems.

The steam coils are activated during cold weather to temper the incoming air.
Sufficient heat is added to the air flow to maintain the general ambient

temperature of the building at or above the 60 F design minimum. Steam

and/or electric heaters located in various areas of the building are used to
ensure a satisfactory minimum temperature.

All ventilation system equipment is located within the building. During
operation of either unit, all of its auxiliary building ventilation systems

will be activated to "normal" operation. During shutdown of either. unit, its
auxiliary building ventilation systems may operate in part or in total to
suit maintenance, inspection, testing, refueling, etc. conditions.
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Continuous local monitoring of temperature and radiation is provided at
appropriate areas throughout the auxiliary building to alert operating
personnel of any abnormality in these .parameters.

DESEGN EVALUATION

The Auxiliary Building Ventilation and Heating Systems capacity is adequate
for the maintenance of proper temperatures in the building under operating or
shutdown conditions in all types of weather.

Sufficient redundancy is included in the Engineered Safety Features
Ventilation System to insure proper operation of these systems with one

active component out of service. Even if the three 15,000 cfm fans and the
four auxiliary building supply fans are not available, or if the 15,000 cfm
fan's intake dampers are closed, sufficient ventilation is available far the
Component Cooling Water pumps, and sufficient air flow exists for proper
operation of the Emergency Safeguards Ventilation System.

The Fuel Handling Area Ventilation System has sufficient redundancy to ensure
proper operation of this system with one exhaust fan out of

service.'harcoal,

roughing and high efficiency particulate air filters on the Fuel
Handling Area Exhaust System provide protection against release of
radioactivity from this area to the atmosphere.

The General Ventilation System and the General Supply System each consist of
two 50% capacity segments per unit with a crosstie between the Unit No. 1 and

Unit No. 2 exhaust systems, thus minimizing the possibility of losing the
total system of the plant unit.

Under normal operating conditions, the total exhaust flow exceeds the total
fan supply. Therefore, all areas within the auxiliary building pressure
boundary are at a negative pressure with respect to atmosphere. All exhaust
flows from within the boundary are directed to the vent of the respective
unit and monitored before release to the atmosphere. All supply air is pre-
filtered. The fuel handling area exhaust system is directed to the Unit 1

vent.
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All systems are located within the building and generally grouped for ease of
access, control and monitoring.

9.9.4.1 , Test and In e ions

The systems are inspected, tested and balanced upon installation.
Particulate and charcoal filters were individually tested by the manufacturer
after fabrication and again after installation. The engineered safeguard
ventilation system and the fuel handling area ventilation system are tested
on a regularly scheduled basis over the life of the plant. Replacement
filters will be tested in the same manner. Filter banks can be tested for
leakage and dioctylphthalate smoke test efficiency while in place, and
defective cells identified for removal and replacement.
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9.10 ONTROL ROOM VENTILATION SYSTEM

9.10.1 GENERAL DESCRIPTION

The control rooms for Unit No. 1 and Unit No. 2 are both physically located
on El 633'" of the auxiliary building with normal access from the turbine
building. Control room air conditioning equipment is in an equipment room

directly above the control room. Both control rooms are enclosed in a,

missile and tornado proof structure. The control room ventilation system is
shown in Figure 9.10-1.

9.10.2 DESIGN BASES

The control room air conditioning system is designed to maintain room

temperature within limits required for operation, maintenance and testing 'of

plant controls and uninterrupted safe occupancy during post-accident
shutdown.

The control room air conditioning system is designed to maintain a
0temperature of 75 F dry bulb and 25-80 percent relative humidity under normal

operating conditions. The design is based on outside temperatures ranging
0 0 0from -7 F winter dry bulb to 91 F summer dry bulb and 75 F summer wet bulb.

The system operates during normal or emergency conditions as required.

Conditioned air is supplied to the control room by either of two full-
capacity 15,000 CFH air-handling units (one standby). Each unit includes a

roughing filter, medium efficiency filter, chilled-water coil, and a fan.
Downstream of each air handler in the duct system is an electric blast coil
heater and an electric humidifier. Each unit is provided with chilled water

from an associated 30-ton liquid-chiller. Each air-handler/liquid-chiller
combination is independently capable of fulfillingdesign objectives.
Condenser water for each liquid chiller is taken from a different header of
the Essential
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service water system. The air conditioning liquid chiller package was not
designed to seismic Class 1 standards. For emergency cooling the essential
service water can be manually diverted directly through'he seismic Class I
air handling coil, thus bypassing the. liquid chillers.

Continuous pressurization of the control room is normally provided by the air
conditioning system to prevent the entry of dust and dirt. Emergency

filtration and pressurization are provided by a separate 6,000 CFM air-
handler with roughing filters, high efficiency particulate air filters and

charcoal adsorbers. This unit can also be used in the recirculation mode as

a cleanup system. The performance characteristics of the high efficiency
particulate air filter cells provide for removal of as much as 99.97 percent
of solid particulates of 0.3 micron mean diameter. Performance
characteri'sties of the charcoal adsorbers provide for removal of as much as
99.9 percent of entrained methyl iodide or iodine vapor". All air
conditioning equipment, pressurization fans and auxiliary equipment can be .

powered from emergency buses.

9.10.3 SYSTEM OPERATION

Two fresh-air intakes are provided for each control room. Both air
conditioning units share one intake. A separate intake is provided for the
pressurizer/cleanup filter unit. Both fresh-air intakes are fitted with a

motor-operated isolation damper for control room isolation. Normally, a

fixed proportion of room air and outside air is supplied to the control room

through one of the air-handling units. Temperature is controlled by
thermostats located in the control, room. Each liquid chiller has an

independent control system. Outdoor air supplied to the control room through
the air-handling unit maintains a positive pressure within the room with
respect to the surrounding environs to prevent entry of dust, etc.

A toilet facility is located in the Unit No. 2 control room. A small exhaust
fan continuously purges this room. The exhaust vent is fitted with an

isolation damper.

*For accident analysis, the high efficiency particulate air filter is assumed

to remove 99% of all radioactive particulates with the adsorber removing 95%

of methyl iodine.
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The Control Room Pressurizer/Cleanup Filter Unit does not normally operate.
In the event of a fire signal from the cable enclosure below the Control

.Room, the air conditioner fresh-air intake isolation damper is closed, the
Control Room Pressurizer/Cleanup Filter Unit started. These operations are
al'1 performed automatically.

The Air Conditioning. System then functions as a 100 percent recirculation
system.and pressurization air is supplied separately through the high
efficiency particulate air 'and the charcoal filters of the, Control Room

Pressurization/Cleanup Filter Unit before discharging into the Control Room

The controls for isolating the normal fresh-air intake and starting the
Emergency Pressurizer/Cleanup Filter Unit are located in both the Control
Room and the air conditioning equipment room and can be manually actuated
from either room.

A high radiation alarm from the Control Room radiation monitor or a'Safety
Injection signal automatically initiates closure of the isolation dampers in
the Air Conditioning System and the toilet exhaust discharge. The Air
Conditioning System then functions in the 100 percent recirculation mode.

Upon receipt of these same signals, the isolation damper in the
pressurizer/cleanup system intake goes to a minimum position to allow
sufficient outdoor air into the system to pre'ssurize the Control Room.

The Control Room Pressurizer/Cleanup Filter Unit automatically starts in the
partial recirculation mode to remove radioactive particulates and iodines
from within the'oom and from the outdoor ventilation air used for
pressurization.

A manually actuated override control can be used to supply additional
variable amounts of outside air (over and above the minimum makeup air

'equiredfor pressurization in the cleanup mode) through the Emergency

Pressurizer/Cleanup Filter Unit to purge the Control Room atmosphere (outdoor
conditions permitting) .

9.10-3 July, 1997



9. 10.4 DESIGN EVALUATION

The control room and the ventilation equipment room are both enclosed in a

missile- and tornado-proof concrete structure. The ventilation equipment

room is directly accessible from the control room. All other areas in the
vicinity of the control room such as cable spaces, auxiliary building,
turbine building, etc. are ventilated by systems which are completely
independent of the control room ventilation system, thus fire or smoke

generated in such other areas would-not impair the integrity or accessibility
of the control room. Two independent, full capacity air conditioning systems

serve each control room. Two full capacity fans are provided for the control
room pressurizer/cleanup filter unit of each c". ntrol room. This redundancy

ensures proper room conditions with one active component out of service.

9.10.5 INCIDENT CONTROL

I
A safety injection signal automatically closes the normal control room air
intake, thus preventing possibly contaminated air from entering the room.

The control room pressurizer/cleanup filter unit is automatically operated to
remove any particulates or iodine which may leak into the room. In the event

of gross failure of both the seismic Class III control room liquid chillers,
essential service water "an be diverted dire tly through the seismic Class I
air handler cooling coils for emergency cooling.

9.10.5 TESTS AND INSPECTION

The systems were inspected, tested and balanced upon installation. Per'odic
testing is performed to insure system operability.

High efficiency particulate air filters and charcoal filters are tested after
fabrication by the manufacturer, again after installation and periodically
over the life of the plant.
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,10. 2 MAIN TEAM SYSTEM

'he

Main Steam System for Units No. 1 and No. 2 are shown in Figures 10.2-1,
10.2-1A,. 10.2-1B and 10.2-1C.

10.2.1 DESIGN BASES

The design bases of the Main Steam System are largely derived from

past design experience with fossil fuel stations and have evolved over a

long period. They are modified in order to meet special requirements
associated with nuclear application and includ- provisions for specific
earthquake, tornado, missile and reactor protection as further described in
other sections.

Design codes applicable to the main steam system include, but are not limited
to:

a. ASME Boiler and Pressure Vessel Cole, Sections III, VIII, and IX.

b. ANSI Power Piping Code B31.1

c. AEP Specifications

'0.2.2 DESCRIPTION

The Main Steam System is designed to deliver steam from the steam

generators to the turbine and to other equipment or systems requiring main

steam, including:

1) Motive steam to the turbine driver of an auxiliary feedwater pump.

Steam to this turbine is supplied by 4-inch branch connections
upstream of the Steam Generator Stop Valves on two of the four
steam lines. Either 1'ne is sufficient to
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supply steam for the turbine but two are orovided for
redundancy. These two 4-inch lines are tied together witn
'a motor operated shut-off valve and a check valve in each

line before the tie.

2) Motive steam for the main feed pump turbines during start-
up and up to approximately 55% load (Unit 1) or 70% load
(Unit 2).

3) Heating steam for the reheaters.

4) Turbine by-pass system (Steam Dump)

5) Auxiliary steam system.

6) Turbine steam seals (Unit 2 only) .

The system is best described by following the flow path from the steam

generator to the turbine. Refer to Figures 10.2-1 and 10.2-1B.

Steam from the four steam generators flows through A-155, Grade KC-70

carbon steel pipes designed for 1085 psig, 600'F, through the contain-
ment penetrations.

A steam flow measuring device located in each lead within the contain-
ment provides a signal for steam generator level cont"ol and initiation
of reactor safeguards system in the event of a main steam line ruoture.

Following penetration of the containment a power relief valve and bank

of five safety valves're installed on each steam lead. The five
identical safety valves provide a combined relieving capacity of
4,288,450 lb/hr per lead (17,153,800 lb/hr for 4 leads at 1172 psi).
This capacity is sufficient for the steam generation rate at maximum

calculated conditions. The capacity of the power relief valve is
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approximately 10% of full load flow. It opens automatically if steam.

pressure exceeds a pre-set value.

Downstream of the safety valves a parallel slide gate valve is installed in
each line as close to the containment wall as possible. This valve, known as

the Steam Generator Stop Valve, is capable of closing rapidly in the event of
a main steam line rupture occurring anywhere in the piping between the steam

generator and turbine. An analysis„of the steam break accident is given in
Chapter 14, and a safety evaluation of the steam system is given in Section
10.2.3.

The Steam Generator Stop Valves are designed to close against flow in
either the normal or reverse direction to limit the effect of a steam line
rupture to the blowdown of the one affected steam generator; assuming,

I

conservatively, the failure of one of the four valves to close.

The Steam Generator Stop Valve design incorporates a piston which is attached
. to the valve stem. The steam above and below the piston is normally at line
pressure. The cylinder volume above the piston is piped through a three-way
valve into a pair of redundant, air-operated dump valves. Upon receipt of a

signal to close, the dump valves open and vent the steam from the
cylinder.'he

steam pressure in the valve body below the piston forces the piston to
move rapidly and close the valve. The valve therefore is not dependent on an

external power source for emergency closure. Each valve closes within 5

seconds after receipt of the requisi<e safety signal. Speed of closing is
controlled by the setting of a needle restrictor within the hydraulic opening
and closing system.

For emergency"operation, reactor protection logic is supplied to isolate
all steam generators by rapid closure of the four stop valves for any of the
following conditions:
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a) Containment spray actuation signal initiation (Hi-Hi pressure)

b) High steam flow coincident with Lo/Lo T
avg')

Steam line pressure low.

d) In addition, emergency closure can be initiated by operator
actuation of the dump valves in the steam generator stop valve
control system.

In the event of a steam generator tube rupture occurring, the recovery
procedure'nvolves closure of the steam generator stop valve associated
with the affected steam generator. However, for this accident, rapid closure
of the valve is not essential and the operator may close the valve using
the hydraulic actuator.

Normal opening and closing of the valve is achieved by use of the hydraulic
h

actuator, which is bypassed in case of an emergency closing requirement. The

operating switch, in the control room, act'uates the reversing solenoid and

starts the electrically driven hydraulic fluid pump supplying hydraulic fluid
to the valve actuator. Limit switches are fitted to the valve and wired up

to display position indication in the control room.

All four main steam lines are connected to a common header, which equalizes
the pressure before the steam flows through the turb'ne admission valves.
This header is also connected to the turbine by-pass system (steam dump

system) .

The capacity of the turbine by-pass system is 40% of full load steam flow.
All or several of the steam dump valves open under the following conditions
provided a condenser vacuum permissive interlock is satisfied:
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A steady-state hydraulic analysis was performed for each case assuming
the most limiting single failure, steam generators pressurized to the
safety valve setting (plus 3% accumulation) and non-safety related control
systems failing to operate. The'esults of these hydraulic anlayses are used
as inputs in the appropriate Chapter 14 safety analysis.

10.5.2.4 Tes s nd Xns ections

The auxiliary feedwater system, including pumps, valves and drivers, is
tested 'in accordance with requirements of the applicable edition of the ASME

Boiler and Pressure Vessel Code Section XI and, beginning with the third 10

year interval ZSI program, pump and valve tests are in accordance with ASME

OM Standards and NUREG-1482. During the tests, the pumps are operated with
flow back to the Condensate Storage Tank through a test/recirculation line.
Performan'ce is verified by monitoring flow'eters in the test lines and

pressure gauges on the suction and discharge of the pumps.

The availability of the Essential Service Water supply to the Auxiliary
Feedwater System must also be determined, but without contaminating the
condensate tank with lake water. Two normally closed valves, one motor
operated, connect the Essential Service Water supply to each of the auxiliary
feed pumps. To test, the tell-tale valve between each set of the two
aforementioned valves is opened to drain that portion of the line, and the
two valves are independently stroked. A visual check at the tell-tale will
verify normal direction of flow through the manual valve and backflow through
the motor operated valve, after which all valving is restored to its normal
setting.
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10.7 TURBINE A ILIARY COOLING YSTEM

10.7.1 DESIGN BASIS

The Turbine Auxiliary Cooling System utilizes water from the main condensate

system as a coolant for:

a. The gland steam condenser

b. The generator hydrogen coolers
c. The generator stator coolers
d. The exciter cooler
e. The bus duct enclosure

10.7.2 DESCRIPTION

The system is shown in Figure 10.5-2A and 10.5-3A. The system can operate in
]

either of two modes as described below. The mode of operation is determined
by the temperature of the condensate leaving the hotwell. In ".old weather .

when the temperature of the condensate is sufficiently low to effect adequate
cooling of the services listed in Section 10.7.1, the system is operated in
an open cycle. In warm weather, when the condensate temperature is too high
to meet cooling requirements, a closed cycle is used. The systems for Units
No. 1 and No. 2 are similar except for the changeover point from closed to
open cycle. For Unit No. 1, when the temperature of the condensate leaving

0the hotwell is above 95 F, changeover from an open to a closed cycle is made,
0for Unit. No. 2, this point is 104 F. In general, the changeover is made on

a seasonal basis, by manual operation of valves.

During open cycle operation, condensate is taken from the hotwell pump

discharge header and is pumped by one of two full-capacity turbine auxiliary
cooling pumps through the various heat exchangers. The condensate from the
heat exchangers then returns to the condensate booster pump suction header.
This mode reclaims heat and improves thermal efficiency of the unit.

10.7-1 July, 1997



In closed cycle operation, the condensate is pumped by one of the two

turbine auxiliary cooling pumps through the turbine auxiliary cooler,
where it is cooled by circulating water in the tube circuit of the
cooler. Flow through the tube circuit is in parallel with the circu-
lating water flow through the main condenser. The pressure differential
across the main condenser maintains the flow in the turbine auxiliary
cooler. Cooled condensate from the shell side then flows through the
heat exchangers and returns to the turbine auxiliary cooling pump

suction. Makeup for the system is supplied by a small by-pass around

the condensate isolation valve.

Operation of the system is monitored in the control room by flow indica-
tors, pressure indicators and temperature recorders.

10.7.3 DESIGN EVAULATION

When the temperature of the main condensate. is below 95'F, Unit No. 1,
or below 104'F, Unit No. 2, the heat from the turbine auxiliary coolers .

is reclaimed by utilizing the open cycle. When it is above 95'F, Unit
No. 1, or above 104'F, Unit No. 2, the turbine auxiliary cooler is
placed in service and the heat is lost to the circulating water system.

10.7.4 TESTS AND INSPECTION

The active components of the system are in continuous use during normal

plant operation. Periodic visual inspections and preventive maintenance

are conducted following normal industry practice.
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10.9 MAKE-UP WATER 6 PRIMARY WATER SYSTEMS

The Demineralized Water Make-Up System produces the high purity,
degassified water required for make-up to the reactor coolant and condensate-
feedwater systems for both units. Lake water from the
non-essential service water system is filtered, chlorinated,
and held in a retention tank to effect complete sterilization. There is an

alternate source of supply from the Lake Township public water system.

The water is pumped from the retention tank through carbon filters to remove

organics and residual chlorine. The water is then processed by a reverse
osmosis unit and passed through cation exchangers, a vacuum degassifier,
anion exchangers and mixed-bed "polishing" demineralizers. Following
treatment, the demineralized, degassified water is distributed to the various

I

points of usage.

The Primary Water System supplies water for miscellaneous purposes in the
auxiliary building, primarily for reactor coolant make-up. The primary water
is a mixture of demineralized, degassified make-up water and condensate
recovered from processing reactor-coolant letdown fluid.
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10.10 CHEMICAL FEED SUB-SYSTEM

Chemical feed systems are provided for adding chemical solutions to
the condensate and feedwater to scavenge dissolved oxygen, control pH and
minimize corrosion. The chemicals used are hydrazine, carbohydrazide,
ammonia or other amines, and boric acid. The solutions are mixed using
appropriate dilutions of chemicals from bulk storage, and stored in
covered stainless steel feed tanks. When needed, the solutions are pumped

from these tanks by motor driven, positive displacement pumps to the points
of injection. The pumps have adjustable strokes and only have manual
control.
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10. 11 SE NDARY VENT AND DRAIN Y TEM

The Steam and Power Conversion System vents and drains are arranged in a

similar manner to those in a fossil-fueled power station, since the system is
normally non-radioactive. However, because the steam generator blowdown
(SGBD) and the air ejectors discharge can become contaminated, these
subsystems are monitored and discharged under controlled conditions as

explained below.

10.11.1 DESIGN BASIS

The Steam Generator Blowdown System is des'igned to maintain the proper water
chemistry within the steam generators. The secondary side water is blown
down to maintain the total dissolved solids within established limits.

The Steam Jet Air Ejector unit removes non-condensable gases from the
condenser shells. These exhaust gases are vented to the atmosphere. A small
representative sample passes through a radiation monitor. Each of the
condenser steam jet air ejector elements is designed to remove 15.0 cfm of „

non-condensable gases. Separate non-condensing start-up jets are used to
reduce condenser back pressure to 5 in Hg ab~ during start-up.

10.11.2 DESCRIPTION

The steam generator blowdown and blowdown treatment systems are shown on
Figures 10.2-1, 10.2-1B, and 11.5-1. The steam jet air ejector vent systems
are shown on Figures 10.5-4A and 10.5-5A.

II
4

The SGBD is routed to the start-up blowdown flash tank during start-up or
under abnormal operating conditions, for example, during high condenser
inleakage. The steam produced in the start-up blowdown flash tank is vented
to the atmosphere through a moisture separator. The water is routed to the
screenhouse forebay. The start-up flash tank is equipped with a NESW supply
line for quenching.
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When the plant reaches normal full power operation, the start-up blowdown

flash tank is taken out of service and the blowdown is routed to the normal

blowdown flash tank. The blowdown flashes into a mixture of approximately
e0 percent steam and 60 percent water. .he steam is returned to the

Condensate System through the condensers and the water is routed to the

screenhouse forebay either directly or through mixed-bed demineralizers.
The normal blowdown flash tank is equipped with a NESW supply line for
quenching.

The blowdown rate from each steam generator is controlled by two parallel,
fail closed, control valves, which are located downstream of,a blowdown

isolation valve. The SGBD is monitored for'adioactivity before it reaches

either blowdown tank. The SGBD treatment system also has a radiation
monitor between the second and third treatment demineralizers (see Sections

9.5 and 11.5, respectively). These radiation monitors close the SGBDi

isolation valves upon detection of high radiation.

During normal operation, both elements of each of the four two-stage twin
element steam jet air ejector (SJAE) units removes non-condensable gases

from each of the three main condenser shells and both feedp'ump turbine
condensers. For added flexibility, the individual air off-takes are joined
to a common header with cross tie-valves. The motive steam is condensed in
the SJAE inter- and after-condensers. Inter-condenser drains are returned
to,the condensate system via the main "ondenser drip leg and the

miscellaneous drain tank, respectively.

Gases removed from the condensers by the steam jet air ejectors during
normal operation are discharged into a common header. These non-

condensable gases are then exhausted at a slightly positive pressure to the

atmosphere through a vent stack. The SJAE vent stack has an air flow meter

to measure the quantity of non-condensables removed from the condensers

Since the introduction of radioactivity in the main steam system by a steam

generator tube leak would probably first
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escape to the reactor coolant by diffusion through defects in the cladding of
one percent of the fuel rods.

The waste disposal system collects and processes all potentially
radioactive reactor plant wastes for removal from the plant site within
limitations established by applicable governmental regulations. In addition,
the system is capable of liquid waste segregation and reuse.

All planned releases may be either batch or 'continuous. Before a batch may be

released, the tank is sampled and the sample analyzed in the laboratory. A

gas release is made only if the release can be made. without exceeding federal
standards and lack of reserve holdup capacity requires such a release.

Radiation monitors are provided to maintain'surveillance over the .re-
lease operation, and a permanent record of activity released is provided
by radiochemical analysis of known quantities of waste.

At least two valves must be manually opened to permit discharge of liquid or
gaseous waste from the Waste Disposal System. One of these valves is normally
locked or sealed closed. The other is a control valve which will trip closed
on a high effluent radioactivity level signal.

As secondary functions, system components supply hydrogen and nitrogen to
primary system components as required during normal operation, and

provide facilities to transfer fluids:rom the containment to other systems

outside the containment.

The system is controlled primarily from a central panel in the
auxiliary building. Malfunction of the system is alarmed in the auxiliary
building, and annunciated in the control room. All system equipment is
located in or near the auxiliary building, except for the reactor coolant
drain tanks which are located in the reactor containments.
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S stem Descri tion

Li uid Processin

During normal plant operation the Waste Disposal System processes

liquids from the following sources:

a) Equipment drains and leaks

b) Radioactive chemical laboratory drains

c) Radioactive laundry and hot shower drains

d) Decontamination area drains

e) CVCS demineralizer regeneration

f) Sampling System

The system also collects and transfers liquids from the following

sources in the containment for processing:

a) Reactor coolant loops

b) Pressurizer relief tank

c) Reactor coolant pump secondary seals

d) Excess letdown (during startup)

e) Accumulators

f) Valve and reactor vessel flange leakoffs

g) Refueling cavity drains
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b) Displacement of cover gases as liquids accumulate in various tanks

c) Miscellaneous equipment vents and relief valves

d) Sampling operations and au'tomatic gas analysis for hydrogen and

oxygen in cover gases

The waste disposal system includes nitrogen and hydrogen systems which

supply these gases to primary plant components. The pressure regulator in
the nitrogen system header is set at 75 psig. Nhen the nitrogen header

pressure drops below a preset pressure, an alarm alerts the operator.

Most of the gas received by the waste disposal system during normal operation
II

is nitrogen cover gas displaced from the CVCS holdup tanks as they are

filled with liquid. Since this gas must be replaced when the tanks are

emptied during processing, facilities are provided to return gas from the

decay tanks to the holdup tanks. A backup supply from the nitrogen header

is provided for makeup if return flow from the gas decay tanks is not

available. Since the hydrogen concentration may exceed the combustible limit
during this type of operation, components discharging to the vent

header system are restricted to those contazning no air or no aerated liquids
and the vent header itself is designed to operate at a slight positive
pressure (but not high enough to cause overpressurization) including
allowances for instrument uncertainties, process induced pressure changes, and

any other special concerns that may be necessary to prevent oxygen in-leakage.
Out-leakage from the system is minimized by using Saunders patent diaphragm

valves, bellows seals, self contained pressure regulators and soft-seated
packless valves throughout the system.

Gases vented to the vent header flow to the waste gas compressor

suction header.'ne of the two compressors is in continuous operation with
the second unit instrumented to act as backup for peak load conditions
or failure of the first unit. From the compressors, gas flows
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to one of eight gas decay tanks. The control arrangement on the gas

decay tank inlet header allows the opera or to place one tank in
sezvice and to select another tank or backup. Nhen the tank in
service becomes pressurized to 100 psig, a oressure transmitter
automatically closes the inlet valve to tnat tank, opens the inlet
valve to the back"p tank and scunds an alarm to a'ert the operato
so he may select a new backup tank. Pzessure indicators are prov'ded

to aid the operator in se'ecting the backup tank. The individual "ank

pressures are continuously recorded on the control panel in the
auxiliary building.

Gas neld in the decay tanks can either be returned to the CVCS holdup

tanks oz» ic i t gas decavod su„-cic~ » ztlv «o««eloase» discqa«ced to
atmosphere. Genera' r, the 'ast ank o rece've =.as will be the i"s"

tank zecycled to the C';C" ho'dup tanks..his "ermi"s the maximum decay

time befo e re'eas'ng ca- to "he environment. However, the header

arrancement at the tank inlet gives'he operator the cpt'on to f'll,
reuse, and dischar-e cas s';..u'- neously. During de™assinc o~ the

reactor coolant prior to a cold shutdown, ar e<=-",.pie, '" may "e

desirable to pump the -"as purged from the volume "ontrol tank into a

oar" icular "as decav "ank and 'solate that tank for decay z'ather than

reuse the cas in '". his is "one bv opening t':.e inlet valv to the

desired "ank and clos'nc "".e out'et ra've "o "".e re~ se header.

S'multaneously, one cf the other tanks can "e opened to the reuse

header i des'red, whi'e another is d'scharced to at...osphere.

Before a tank is "'scharged to the env'ronment, i" 's sampled and

analyzed to deter...'ne and record the activi"y to be released, and then
»)

is discharged to the ."lant vent at a controlled rate through a rad'-
ation monitor which enables "he o"erator to monitor t"..e radioac ivity
in the cas r lease. Samples of the gas to be re eased are taken

gas sam 1'..c vessels. Dur'ng release a trip va've in the discharge

1'e is closed utoma=ically
in the plant vent.

bv a h'ch radioacti''"v 'evel 'nd'ca"'on
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The refueling cavity and refueling canal, flooded with borated water to an
elevation of approximately 645'uring refueling operations, provide a
temporary water shield above the components being withdrawn from the reactor
vessel. The water height during refueling is approximately 24 ft. above the
reactor vessel flange. This height ensures that there will be sufficient
water depth above the active fuel of a withdrawn fuel assembly to maintain
exposures as low as reasonably achievable (ALARA).

The spent fuel assemblies and control rod clusters are remotely removed from
the reactor containment through the horizontal fuel transfer tube and placed
in the spent fuel pit. The transfer tube is shielded with a minimum of 5'-2"
of concrete in all areas except a small piping area located under the
transfer tube in the containment. The piping ar:a is shielded with 2'-5" of
concrete. It is posted as radiological conditions dictate and is protected
with locked gates to ensure that personnel cannot enter this area while spent
fuel is being transferred.

Fuel is stored in the spent fuel pool portion of the Auxiliary Building.
Shielding for the spent fuel storage pool is provided by 6 feet thick
concrete walls, and the pool is flooded to a level such that the water
height is approximately 25 feet above the stored spent assemblies. During
spent fuel handling, sufficient water depth is maintained above the fuel
assembly being handled to maintain exposures ALARA.

The original refueling shield design parameters are listed in Table 11.2-5.
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Auxilia Shieldin

The auxiliary shield consists of concrete walls around certain components and
piping which process reactor coolant. In some cases, the concrete block
walls are removable to allow personnel access to equipment during maintenance
periods. Access to the auxiliary building is allowed during reactor
operation. Each equipment compartment is individually shielded so a
compartment may be entered without having'o shutdown and, possibly, to
decontaminate equipment in an adjacent compartment. The shield material
provided throughout the auxiliary building is normal density concrete (p= 2.3
g/cc) . The principal auxiliary shielding provided and the design parameters
are tabulated in Table 11.2-6.

hieldin Desi n Evalu ion

The whole body gamma dose in the control room under accident conditions is
calculated assuming the release of the following sources to the reactor
containment (Per TID-14844):

a) 100~ of the noble gases

b) 50% of the halogens

c) 1% of the remaining fission product inventory.

These sources, tabulated in Table 11.2-7, are assumed to be homogeneously
distributed within the free volume of the reactor containment. The source
intensity as a function of time after the accident is conservatively
determined by considering decay only; no credit is taken for washdown or
spray and ice condenser removal of iodine.
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"TABLE 11. 2-5

ORIGINAL REFUELING SHIELD DESIGN PARAMETER

Total number of fuel assemblies
Minimum full power exposure
Minimum time between shutdown and

fuel handling
Maximum exposure rate adjacent to spent

fuel pit
Maximum exposure rate at water surface

193

1000 days

100 hours

1.0 mrem/hr
2.5 mrem/hr

These parameters are kept for historical reasons. The dose rates are no
longer applicable since the design of the spent fuel pit, has been
changers.
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TABLE 11.2-6

PRINCIPAL AUXILIARYSH ELDING
I

Design parameters for the auxiliary shielding include:
Core thermal power
Fraction of fuel rods containing small clad defects
Reactor coolant liquid volume
Letdown flow (normal purification)
Cesium purification flow (intermittent)
Cut-in concentration deborating demineralizer
Dose rate outside auxiliary building
Dose rate in the building outside shield walls

3391 MWt

0. 01

12600 ft
75 gpm
75 gpm
100 ppm
c1 mrem/hr

'2.5mrem/hr

Comeonent
Mixed Bed Demineralizers
Charging pumps
Liquid holdup tanks
Volume control tank
Reactor Coolant filter
Boric Acid Evaporator
Gas decay tanks
Waste Gas Compressors
Waste Evaporator
Liquid Waste Holdup Tank
Spent Resin Storage Tank

Concrete Shield Thickness Ft. - In.
4 - 0

2

2

3

2

2 - 4

3 - 3

2 - 8

2 - 0

2
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11.3 RADIATION MONITORING SYSTEM

11.3.1 GENERAL DESIGN CRITERIA

Moni orin Radia ion Rel ases

Criterion: Means shall be provided for monitoring the containment
atmosphere and the facility 'effluent discharge paths forradioactivity released from normal operations, from anticipated
transients, and from accident conditions. An environmental
monitoring program shall be maintained to confirm thatradioactivity releases to the environs of the plant have not
been excessive.

The containment atmosphere, the unit vent, SJAE vent, turbine gland seal
exhaust, steam generator blowdown, and the waste disposal system liquid
effluent are monitored for radioactivity concentration during operation. The
design objective is for annual average releases of radioactivity (gases and
liquids) for both dose and dose rates at the critical site boundary will be to
meet the requirements of 10 CFR Part 50.

I

Liquid release pathways are monitored by radiation detection instruments.
Planned liquid effluents of the plant are released to the circulating water
system.

Gaseous releases are monitored by the unit vent monitors. The gaseous
effluent from the steam generator blowdown tank vent is normally routed to the
main condenser, except during startup and other periods of short duration when
it may be vented to the atmosphere. In addition, any time there are non-
condensible radioactive gases which may be released from the blowdown flash
tank, such gases would also be present in the condensat system where they
would be removed by the steam jet air ejectors and be detected by the
applicable radiation monitor.
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Accidental spills of radioactive liquids are maintained within the auxiliary
building and collected in a drain tank. Any contaminated liquid effluent
discharged to the condenser circulating water is monitored. Gaseous effluent
from possible sources of accidental releases of radioactivity external to the
reactor containment (e.g., the spent fuel pool and waste handling equipment)
is exhausted from the unit vent and monitored by a radiation monitor. Gaseous
batch releases shall be made only if the release can be made without exceeding
federal standards and lack of reserve hold-up capacity requires such a
release.

M nitorin Fuel and Was e Stor e

Criterion: Monitoring and alarm instrumentation shall be provided for fuel
and waste storage and associated handling areas for conditions
that might result in loss of capability to remove decay heat
and to detect excessive radiation levels.

Monitoring and alarm instrumentation are provided for fuel and waste storage
and handling areas to detect excessive radiation levels. Radiation mohitors
are provided to maintain surveillance over the release operation, but the
permanent record of activity releases is provided by radiochemical analysis of
known quantities of waste.

A controlled ventilation system removes gaseous radioactivity from the fuel
storage and waste treating areas of the auxiliary building and discharges it
to the atmosphere via the unit vent. Radiation area monitors a'e in
continuous service in these areas to actuate high-activity alarms on the
control room board annunciator.

Pro ec i n A ainst Radi a ivit R lease from S n Fuel and W s e tora e

Criterion: Provision shall be made in the design of fuel and waste storage
facilities such that no undue risk to the health and safety of
the public could result from an accidental release of
radioactivity.
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Waste handling and storage facilities are contained and equipment designed so
that accidental releases directly to the atmosphere are monitored and will

I
result in doses below the limits of 10 CFR 100, as discussed in Section 11.1.1

[

and Chapter 14.

11.3.2 DESIGN BASIS

The Radiation Monitoring System is designed to perform two basic functions:

a. Warn of any radiation hazard which might develop, and

b. Give early warning which might lead to a radiation hazard or plant
damage.

Instruments are located at selected points in and around the plant to de'tect,
compute, and record the radiation levels. In the event the radiation level
should rise above a desired setpoint, an alarm is initiated in the control
room. The Radiation Monitoring System operates in conjunction with regular,
and special radiation surveys and with chemical and radiochemical analyses

'erformedby the plant staff. Adequate information and warning is thereby
provided for the continued safe operation of the plant and assurance that
personnel exposure does not exceed 10 CFR 20 limits.

The components of the Radiation Monitoring System are designed to operate
during,all expected environmental conditions for normal operation. Specific
components are designed to operate during adv rse or accident plant
conditions. In addition, process and area radiation monitors are of a

nonsaturating design so that they "peg" full scale if exposed to radiation
levels up to 100 times full scale indication.
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a o s R le s Pathwa s

on inmen n Inst um nt R om Exha s - Releases are through the
Unit Vent. Noble gas activity and release rates are monitored and
recorded. Releases are on an intermittent basis as the containment
is purged only periodically. The containment atmosphere is sampled
prior to release. The containment purge and exhaust isolation
valves close on a containment high radiation signal. Monitors ERS

1300, 1400, 2300 and 2400 and VRS 1101, 1201, 2101 and 2201 cause
the ESF actuation. The Unit Vent monitor systems also sample iodine
and particulate activity. Operation of the containment purge and
exhaust system is controlled by Plant Technical Specifications.

2. xiii r B il in v n il i n - The activity in the exhaust depends
on leakage into the Auxiliary Building atmosphere from the primary
systems, and it is expected to be very low.

Releases are through the unit vent. Activity is measured prior to
the release point of the unit vent. High radioactivity will be
alarmed in the control room.
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3. S earn Jet Air E'ec or - A continuous release of activity exists only
during periods of steam generator primary to secondary leakage. The
steam jet air ejector exhaust is continuously monitored. The steam
jet air ejector monitor is sensitive to total beta and gamma

activity.

Gland Seal Condenser Exhaust - A continuous release of activity
exists only during periods of steam generator primary to secondary
leakage. The gland seal condenser exhaust is continuously
monitored.

St m Generat r Blowdown Exhaust - The releases are through the main
condenser while utilizing the normal . ash tank. During off no'rmal
chemistry conditions, unit start-up, or unit shutdown the release is
to the atmosphere via the S/G blowdown flash tank vent. The steam
generator blowdown is continuously monitored.

6. Main t am PORV afet R l se Valv s - The main steam power
operated relief valves and safety valves provide pressure relief on
each steam lead if steam pressure exceeds normal operating values.
They also allow plant cooldown by steam discharge to the atmosphere
if the turbine by-pass system is not available. The PORV discharge
lines are continuously monitored.

7. Was e Gas D ca Tanks
unit vent. Their total
a radiation monitor and
Isolation valves on the
high radiation signal.
to release and analyzed

These tanks are batch released through the
activity and release rates are monitored by
a flow meter and both are recorded.
discharge header from the tanks close on a

The contents of the tanks are sampled prior
to determine isotopic concentrations.
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Mi ellan ous V n ilation - Releases are through the unit vent from
ventilation systems such as SF pool, nuclear sampling room, etc.
Noble gas activity and release rates are monitored and recorded.
High radioactivity will be alarmed in the control room.
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Meteorological conditions during periods of release from the above systemsr Iwill be obtained from the meteorological program.

The unit vent monitors for noble gase's and samples for particulates and
iodine.

The reactor coolant system isotopic inventory is determined by sampling and
analysis to predict any change in isotopic spectrum that would lead to
measurable quantities of iodine release.

The unit vent is provided with integrating type air samplers. A sample from
the unit vent is drawn continuously through a particulate filter and an iodine
sampling device.

I

The methods and formulas for computation of doses associated with the
liquid and gaseous releases are given in the Cook Nuclear Plant's Off-site
Dose Calculations Manual (ODCM).

Li uid R le s Pa hwa

Radioactive liquids are released through the waste disposal system monitor
tanks, steam generator blowdown and turbine room sump. Activity is monitored
and recorded on the liquid effluent monitor via the applicable pathway.
Before a batch may be released, the tank is sampled and the sample analyzed.
If the radioactivity level of the sample is found to be within acceptable
limits, the liquid wastes will be released, monitored, and recorded. At the
same time, the rate of the liquid release is measured by a flow meter. By
using the rate of liquid waste releases, the rate of flow of the condenser
cooling water, the activity of the liquid waste released, the rate of activity
release and the concentration of activity in the condenser cooling water can
be determined.
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Liquid effluent and dilution volumes released are recorded. Gamma isotopic
analysis is performed on the liquid effluent prior to each batch release.

The Radiation Monitoring System is divided into the following sub-systems:

a. The Process Radiation Monitoring System monitors various fluid
streams for indication of increasing radiation levels.
4

b. The Area Radiation Monitoring System monitors radiation in
certain areas of the plant.

c. Environmental radiation monitoring'rogram monitors radiation
in the area surrounding the plant as Qescribed in
Sub-Chapter 2.7.

h
I

11.3.3 GENERAL DESCRIPTION AND OPERATION

The original radiation monitoring channel equipment, including chassis with
signal conditioning equipment, controls, power supplies, indicators and alarms
is centralized in cabinets located in the control rooms for convenient
operator access. Strip chart recorders are provided in these cabinets to
sequentially record each monitoring channel.

This equipment has been supplemented and partially replaced by a system of,
distributed, multi-channel field data acquisition units. Each field unit
services one or more detector channels. It measures and records the channel
readings, performs alarm and other status checks and initiates trip functions
(if applicable). Each field unit is connected via isolation devices to two
data communication lines. Each line terminates at its associated system
control terminal (CT). A CT is located in each control room and provides the
control room operator with current channel status. A printer provides a
record of the channels on a regular basis. Channel status changes are
reported and recorded as they occur.
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Typical sensitivity ranges of the various radiation monitor channels are given )

in Table 11.3-1 and are based on the first isotope listed in the last column
of the table.

The monitor channels are response checked using a radioactive source, tested
electronically, and calibrated by pulse injection methods. The detectors are
calibrated using appropriate calibrated sources at a frequency listed in the
Technical Specifications and/or the ODCM.'ffluent monitor setpoints are
determined in accordance with the ODCM and are designed to aid in maintaining
ODCM limits.

11.3.3.1 Proc ss Radia i n Monitorin s em

(

This system consists of (original and newer) channels which monitor radiation
levels in various plant operating systems. High. radiation level alarms are
annunciated and identified in the control room.

The radiation monitoring channels employ instrument failure alarms at the
radiation monitoring cabinets, control board annunciator, and at local
indicators (where provided) . Control, interlocks fail in the 'igh

radiation'osition

upon instrument failure and must be manually reset. Instrument
failure alarms are initiated upon failure of the radiation monitor, loss of
detector signal or loss of power.

'Gaseous effluents are scanned, alarmed, and recorded thereby providing a
complete history of abnormal occurrences for evaluation.

These radiation monitoring channels are shown in Table 11.3-3.
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11.3.3.2 Area Radiation Monitorin stem

This system consists of channels which monitor radiation levels in various
plant areas. Certain of these monitors have been upgraded. Both the original
and newer monitors are shown in Table 11.3-1.

Each original monitor consists of a fixed position Geiger-Mueller detector
with local indicator and check source. An associated readout drawer in the
control room provides high radiation and failure alarms, and initiates trips
(if required). Channel readings are logged on a multi-point recorder.

Newer monitors consist of either Geiger-Mueller or ion chamber detectors, with
check sources, connected to multi-channel field mounted data acquisition
units. Each field unit reads its detectors, performs status checks, initiates
trips (if required), records the readings, provides local readout and reports
to the system control terminals. The control terminals poll'he field units
and provide channel readings and status information to the control room
operators through displays, annunciators and orinters. Selected channels are
provided with individual indicator/alarm units near the detector.

Two high range ion chamber detectors monitor each containment. One is located
in the upper containment while the second is in the lower containment about

0
180 apart from the first. These accident monitors are separate from the
other area channels. Each has a dedicated readout module in the control room

with a multi-range indicator, status lights, and test circuits. An isolated
output from each module is sent to an associated field unit to provide for

, recording and supplemental data access via the system control terminals.

11.3.4 R ac or ool n A tivi~ Monitorin

Refueling shutdown programs at operating Westinghouse PNRs indicate that,
during cooldown and depressurization of the Reactor Coolant System (RCS), a

release of activated corrosion products and fission products from defective
fuel has been found to increase the coo'ant activity level above that
experienced during steady state operation. However, high coolant activity is
avoided by implementing established shutdown procedures. These procedures
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include purification of the RCS through the cation and mixed bed
demineralizers and system degassification.

Table 11.3-2 illustrates the calculated coolant activity increases of several
isotopes for the Donald C. Cook Plant. This table lists the calculated
activities during steady state operation before refueling shutdown outage and
calculated peak activities during plant cooldown operations. These data are
based on measurements from an operating PNR which is similar in design to the
Cook Nuclear Plant and has operated with fuel defects. The measured activity
levels are also included in Table 11.3-2.

The dominant non-gaseous fission product released to the coolant during system
depressurization is found to be Iodine-131. The activity level in the coolant
was observed to be higher than the normal operating level for nearly a week
following initial plant shutdown. Although lesser in magnitude, the other
fission product particulates (e.g., cesium isotopes) exhibited a similar
pattern of release and removal by purification. Zt is reasonable to project
this data to the Cook Nuclear Plant since the purification constants are
similar and as it is standard operating procedure to purify the coolant
through the demineralizers during plant cooldown. Fission gas data frpm
operating plants indicate a maximum increase of approximately 1.5 over the
normal coolant gas activity concentration. However, the system
degassification procedures are implemented prior to and during shutdown, and
have proven to be an. effective means for reducing the gaseous activity
concentration and controlling the activity to levels lower than the steady

„ state value during the entire cooldown and depressurization procedure.

The corrosion product activity releases have been determined to be
predominantly dissolved Cobalt-58. From Table 11.3-2, it is noted that this
contribution is less than 1% of the total expected coolant activity and is
hence considered to be a minor contribution.

Since continued operation of the purification system is standard operating
procedure during plant cooldown and since means for system degassification are
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available for fission gas r mova', the total activity concentration in the
coolant can be maintained within Technical Specification limits throughout the
plant shutdown, while considering the additional activity inventory released
during system cooldown and depressurization. The coolant activity
concentrations and inventories during the shutdown and prior to plant startup
are established by chemical analysis of samples for the Reactor Coolant\
System.

11.3.5 IMPROVED INPLANT IODINE INSTRUMENTATION UNDER ACCIDENT CONDITIONS

Mobile continuous air monitors are available for use in emergencies
involving airborne radioactivity concerns. This equipment includes
'particulate, 'radioiodine and noble gas monitors. Regulated air samples
are also available which require sample collection and laboratory
analysis.

Emergency response equipment is located in the basement assembly area for
counting radioactive samples.
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TABLE 11,3-1

RADIATION MONITORING SYSTEM CHANNEL SENSITIVITIES, AND

DETECTING MEDIUM

Monitor Name Ch nnel Numb u M~di m ialRn Detec d .Isoto es

Containment-Air Particulate

Containment-Air Iodines

Containment Radio-Gas

ERS-1301, 1401
2301, 2401

ERS-1303, 1403
2303, 2403

ERS-1305, 1405
2305, 2405

ERS-1307, 1407
2307, 2407

ERA-1309, 1409
2309, 2409

Air

Air

Air

Air

Air

1 X 10 to 10 pCi

4
2 X 10 to 3 pCi

-7 -2
9 X 10 to 5 X 10 pCi/cc

-3 3
2 X 10 to 2 X 10 pCi/cc

-1 4
1 X 10 to 9 x 10 pCi/cc

137
Cs , Radioactive
Particulates

131I , Radioiodine

Xe , Noble Gases133

Xe , Noble Gases133

Xe , Noble Gases133

Steam Jet Air Ejector Gas SRA-1905, 2905

SRA-1907, 2907

Air
Air

SRA-1909, 2909 Air
Component Cooling Loop Liquid R-17A & B

Steam Generator Blowdown Liquid

Essential Service Water Liquid

R-19

R-20

Hater

Water

Water

Water

Waste Disposal System Liquid Effluent RRS-1001

9X 10

2X10
1X 10

1X10
5 to 500,

1X 10

3X10

-2to 5 X 10 pCi/cc
3to 2 x 10 pCi/cc

to 9 X 10 pCi/cc
-2to 1 X 10 pci./CC

000 cpm

to 2 pCi/cc
-1to 4 X 10 pCi/cc

Xe , Noble Gases133

133
Xe , Noble Gases

133
Xe , Noble Gases

60
Co , Mixed Fission Products

60
Co , Mixed Fission Products

137
Cs ,Mixed Fission Products

137
Cs ,Mixed Fission Products
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TABLE 11.3-1 (Cont'd.)

Monitor Name Channel Number Medium ical Ran e Detected Esoto es

Steam Generator Blowdown
Treatment System Liquid

Unit Vent Air Particulate

R-24 Water 1 X 10 to 2 X '10 pCi/cc

VRS-1501, 2501 Air 1 X 10 to 10 pCi

60
Co , Mixed Fission Products

137
Cs , Radioactive

Particulates

Unit Vent Radioiodine

Unit Vent Radio Gas

Unit Vent Hi-Level Radio Gas

VRS-1503, 2503

VRS-1505, 2505

VRS-1507, 2507
VRS-1509, 2509

Essential Service Water Liquid

Containment Area at Personnel Lock

Upper Containment Area Monitor

R-28

VRS-1101, 2101

VRS-1201, 2201

Gland Seal Condenser Exhaust Monitor SRA-1805, 2805

SRA-1807, 2807

SRA-1809, 2809

Air
Air
Air
Air
Air
Air
Air

Water ~

Air

Air

2 X 10

9X 10

2X 10

1X 10

9 X 10

2 X 10

1 X 10

1X 10

1X 10

1X 10

to 3 pCi
-2to 5 X 10 pCi/cc

to 2 X 10 pCi/cc3

to 9 X 10 pCi/cc4

-2to 5 X 10 pCi/cc

to 2 X 10 pCi/cc3

to 9 X 10 pCi/cc
-2to 1 X 10 pCi/cc
4to 1 X 10 mrem/hr

to 1 X 10 mrem/hr4

131I , Radioiodine

Xe , Noble Gas133

Noble Gas
133

Xe

Xe , Noble Gas
133

Xe , Noble Gas
133

Xe , Noble Gas
133

Xe , Noble Gas
133

60
Co , Mixed Fission Products

Steam Generator Power Operated Relief
Valve Monitor MRA-1600, 2600

1700, 2700
Vapor 1X 10 to 1 X 10+2 pCi/cc Xe , Noble Gas

133

Spent Fuel Area R-5 Air -1
1 X 10 to 1 X 10 mrem/hr
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Monit r Name

Sampling Room Area

In-Core Instrumentation Room Area

Drumming Station Area

High Range Containment Area Monitor

Vestibule Elevation
591'utside

Containment Spray Pump Rooms
Elevation

573'est

of Equipment Hatch,
Elevation

650'urbine

Building, Elevation
609'urbine

Building, Elevation
591'orth

of Boric Acid. Tanks,
Elevation

609'-6

Air
ERA-7402 (Unit 1) Air
R-7 (Unit 2) Air
R-8 Air
VRS-1310, -2310 Air

-1410, -2410

ERS-1306, -2306 Air
ERS-1406, -2406 Air

SRA-1806, -1906, Air
-2906

SRA-2806

RRS-1003

Air
Air

VRS-1506, -2506 Air

1 X 10 to 1 X
-3

1 X 10 to 1 X

10 mrem/hr2

10 mrem/hr2

-3 2
1 X 10 to 1 X 10 mrem/hr

-3 2
1 X 10 to 1 X 10 mrem/hr

-3 2
1 X 10 to 1 X 10 mrem/hr

1 X 5 to 500,000 cpm

-1 4
1 X 10 to 1 X 10 mrem/hr

-1 7
1 X 10 to 1 X 10 mrem/hr
1 X 10'o 1 X 10'rem/hr

"1 4
1 X 10 to 1 X 10 mrem/hr

1 to 1 X 10 R/HR
7

Detected Isoto s

Unit 1 E CCP Room

Unit 1 W CCP Room

Unit 1 E RHR Pump Room

Unit 1 W RHR Pump Room

Unit 1 N SIS Pump Room

Unit 1 S SIS Pump Room

ERA-7303

ERA-7304

ERA-7305

ERA-7306

ERA-7307

ERA-7308

Air
Air
Air
Air
Air
Air

1X 10

1 X 10

1X 10

1 X 10

1 X 10

1X10

to 1 X 10 R/hr3

to 1 X 10 R/hr3

to 1 X 10 R/hr3

to 1 X 10 R/hr3

to 1 X 10 R/hr3

to 1 X 10 R/hr3
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Monitor Name

TABLE 11.3-1 (Cont'd.)

Channel Number . Medium ical Ran e Detected Isoto es

Unit 1 Reactor Coolant Filter
i'ubicle-

ERA-7309
-2 3

, Air 1 X 10 to 1 X 10 R/hr

Unit 2 E CCP Room

Unit 2 W CCP Room

Unit 2 E RHR Pump Room .

Unit 2 W RHR Pump Room

Unit 2 N SIS Pump Room

Unit 2 S SIS Pump Room

Unit 1 Reactor Coolant Filter
Cubicle

Unit 1 Control Room

Access Control Facility
Radio Chemistry Lab

Unit 1 N Seal Water Injection
Filter Cubicle

Unit 1 S Se~l Water Injection
Filter Cubicle

Unit 1 Seal Water Filter Cubicle

Unit 2 Control Room

609'levation Passageway

ERA-8303

ERA-8304

ERA-8305

ERA-8306

ERA-8307

ERA-8308

ERA-8309

ERS "7401

ERA-7403

ERA-7404

ERA-7407

ERA-74 08

ERA-74 09

ERS-8401

ERA-8403

Air
Air
Air
Air
Air
Air
Air

Air
Air
Air
Air

Air.

Air
Air
Air

1 X 10 to 10 R/hr

1 X 10 to 10 R/hr
-4

1 X 10 to
-3

1 X 10 to

10 R/hr

1 X 10 R/hr3

-3 3
1 X 10 to 1 X 10 R/hr

1 X 10 to 1 X .0 R/hr
-3 3

1 X 10 to 10 R/hr

1 X 10 to 10 R/hr

-2 3
1 X 10 to 1 X 10 R/hr

-2 3
1 X 10 to 1 X 10 R/hr

-2 3
1 X 10 to 1 X 10 R/hr

-2 3
1 X 10 to 1 X 10 R/hr

-2 3
1 X 10 to 1 X '10 R/hr

-2 3
1 X 10 to 1 X 10 R/hr

-3 3
1 X 10 to 1 X 10 R/hr
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'ABLE 11. 3-1 (Cont'. )

Monitor Name Channel Number Medium ical Ran e Detected Isoto es

Unit 2 N Seal Water Injection
Filter Cubicle

Unit 2 S Seal Water Injection
Filter Cubicle

Unit 2 Seal Water Injection Filter
Filter Cubicle

587'levation Passageway

Emergency Sampling Location

573'levation Passageway

Refueling Water Purification
Filter Cubicle

BRA-8407

ERA-8408

BRA-8409

ERA-7504

ERA-7507

ERA-7508

ERA-7509

-3 3Air 1 X 10 to 1 X 10 R/hr

-3 3Air 1 X -10 to 1 X 10 R/hr

-4Air 1 X 10

Air 1 X 10

Air 1 X 10

to 10 R/hr

to 1 X 10 R/hr2

to 1 X 10 R/hr3

Air 1 X 10 to 1 X 10 R/hr-3 3

Air 1X10 to1X10 R/hr
-3 2

Unit 1 Vent Sampling Area

Unit 1 Vent Sampling Flow Adjacent
Area

Unit 2 Vent Sampling Area

Unit 2 Vent Sampling Flow Adjacent
Area

ERA-7601

ERA-7602

BRA-7603

ERA-7604

Air 1 X 10

Air 1 X 10

Air 1 X 10

Air 1 X 10

to 10 R/hr

to 1 X 10 R/hr2

to 10 R/hr

to 1 X 10 R/hr2

633'levation Passageway BRA-7605 Air 1 X 10 to 10 R/hr
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TABLE 11.3-2

REACTOR COOLANT FISSION AND CORROSION PRODUCT ACTIVITIES

DURING STEADY STATE OPERATION AND PLANT SHUTDOWN OPERATION

o a d C Coo a e c

~sot )~

Measured Activity
Before Shutdown

Measured Peak

Shutdown Activity
C

Calculated Activity Expected Peak

Before Shutdown Shutdown Activity
Ci m C

I-131
Xe-133

Cs-134

Cs-137

Cs-144

Sr-89

Sr-90

Co-58

0.83

127.0

1.29

1.67

0.00068

0.0033—

0.00057

14.9

65.0*

1.7

2.14

0.0058

0.40

0.013

0.95

2.4

254.0

0.19

0.00051

0.0042

0.0001

0.025

43.0

130.0*

0.25

1.4

0.0044

0.51

0.0023 =

1.0

+Activity reduced from steady state level by approximately one day of system degassification prior to

plant shutdown,
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e
Table 11.3-3Radiation Monitoring System Channels

Channel

FRS-1301 1401 2301 2401

ERS-1303. 1403 2303 2403

FXS-1305 1405 2305 2405

IIRS-13¹ 1407 2307 2407

ERS-1309 1409 2309 2409

I!RS-7401 8401

SRA-1905, 2905

SRA-1907. 2907

SRA-1 909, 2909

R-17 A, R-17 B

RRS-1001

R-5

R-19

R-20, R-28

R-24

Pu se

Containment Airborne Particulates - Detection

Containment Radioiodine - Detection

Containment l~w Ran c Noble Gas - Detection

Containment Mid Ran c Noble Gas - Detection

Containment Hi ~h Ran c Noble Gas - Detection

Control Room Arcs Monitor

Steam Jct Air Ejector Low Range Noble Gas - Detect primary to
seconds leaka e

Stcam Jet AirEjector Mid Range Noble Gas - Dctcct primary to
seconds leaka c

Stcam Jct AirEjector High Range Noble Gas - Detect primary to
seconda leaka c

Component Cooling Water Loop Liquid Monitor - Dctcct leaks from
RCS or RHR into the CCW s stem

Waste Dis tsal S stem I.i uid ENuent Monitor

Sl'P Area hlonitor

Stcam Gen«rator Blowdown Liquid Monitor - Detect primary to
seconda leaka e via common blowdown header

Essential Scrvicc Water Liquid Monitor - Dctcct Icakagc in thc
containment s ra heat cxchan ers st LOCA .

Stcam Generator Blowdown Treatment System Liquid Monitor-
mcasurc activity in thc blowdown liquid after it passes th» treatment
demineralizer.

Associated Tri Function Ovcrvicw

Containment ventilation isolation revent further rclase

Nunc

Containmnet ventilation isolation revent further release

Containment ventilation isolation revcnt further release

Containment ventilation isolation revent further release

Isolate Control Room Ventilation

Nunc

None

None

isolate CCW surge tank vent

Automatic valve closure to revent further release

Place SFP ventilation into service

Close containmnct isolation valves in thc blowdown lines, thc
sam le lines and thc blowdown tank condensatc drain line.

None

isolate stcam generator blowdown system.

VRA-ISOI 2501

VRA-1503 2503

VRS-1505. 2505

VRS-1507 2507

VRS-1509, 2509

SRA 1805 2805

SRA 1807 2807

SRA 1809 2809

Unit Vent Continuous air liow sam Icr

Unit Vent Airborne Particulates - Detection

llnit Vent Radiodines - Detection

Unit Vent Iww Ran c Noble Gas - Detection

1Jnit Vent Mid Ran e Noble Gas - Detection

Unit Vent Hi h Ran e Noble Gas - Detection ol'accidental rcleasc

Gland Seal Condenser Fxhaust - Low ran c detection

Gland Seal Condenser Fmhaust - hfid ran c detection

Gland Seal Condenser Fxhaust - Hi h ran e detection

Tritium sam lin ~

None

None

Gas deca tank isolation valves ~

Gas deca tank isolation valves ~

Sam Ic athwa b ass of channels I 3 5 7 to sam Ic allet

None

None

None

Nunc

* Available setpoint is used to accomodate 1) normal operation, and 2) gas decay tank release.
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11.4 PLANT HEALTH PHYS1 S PROGRAM

An extensive health physics program under the supervision of trained
professional and technical personnel is established for the plant.„,
Appropriate administrative controls are developed to ensure that
procedures and other requirements involving radiological safety
considerations are strictly adhered

to.'1.4.1

Facilities

Facilities for radiation protection, personnel and equipment
decontamination, and chemical and radiochemical analysis are located
in the auxiliary and turbine buildings.

a) Access Control Facilities

Access control facilities are located at the entrances to the
radiologically restricted areas of the plant. These facilities
are used to control normal access of personnel into posted
radiologically controlled areas where the use of protective
clothing and/or special radia"ion monitoring equipment might be
necessary. Protective clothing and calibrated radiation
monitoring instrumentation are available for personnel to use
as needed. A locker room wher personnel change into
protective clothing is also available.

Radiation protection offices are located at the access control
facilities.

Personnel decontamination facilities are located at the access
control facilities where appropriate measures may be taken to
decontaminate personnel if needed. The personnel
decontamination facilities contain a wash basin, shower (east
facility only), and a radiation survey instrument for
monitoring personnel for residual levels of contamination
following decontamination efforts.
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b) Decontamination Facilities

Personnel decontamination facilities are located at the access
control facilities as described above. The liquid wastes
collected are normally sent to the waste disposal system prior
to release.

Tools and equipment are normally decontaminated in the hot tool
decontamination facility located on the 633'levation.

Protective clothing is processed by an off-site vendor. Soiled
protective clothing, is periodically collected, packaged,. and
transported to the vendor for cleaning. Protective clothing
meeting the release limits specified is received from the
vendor and placed in the change-out facilities for personnel
use. Sufficient protective clothing is maintained on-site.

c) Chemistry Facilities

A sampling room where radioactive and potentially
radioactive samples are collected is located in the
auxiliary building. 0
A chemical laboratory where radioactive samples are
analyzed is located in the radiologically restricted area
of the auxiliary building near the auxiliary building
access control facility.

A chemical laboratory, also used for analyzing non-
radioactive samples, is located in the turbine building.

A chemistry counting room where samples are analyzed for
radioactivity is located in the radiologically restricted
area near the auxiliary building access control facility.

Chemical Supervisor's offices are located near the turbine
side (east) access control facility.

Eyewash stations and, when appropriate, safety showers are
located near all chemical handling and analysis areas.
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Hot Laborator

This laboratory can be use'd for radiochemical work, such as
chemical separations, etc., in addition to routine water
chemistry. The hot laboratory includes three enclosed
ventilated hoods and a ventilated storage cabinet. The flow

,

from all these vents, as well as the rest of the ventilation
flow from this area, is filtered and monitored by the auxiliary
building ventilation system as described in Subchapter 9.9.
Liquid wastes from the sinks in this laboratory
are collected arid analyzed for radioactivity before treatment
or release as described in Subchapter 11.1., The waste liquid
from the deluge shower, the face-eye wash and the floor drains
are also treated as contaminated liquid waste as described in
Section 11.1 of the FSAR.

Coun in Room

This room is provided for the measurement of radioactivity in
contained liquid, solid, gaseous, or particulate collection
samples. No liquid wastes are disposed of in this room. Solid
wastes are handled, as described in Subchapter 11. 1.

The ventilation for this room is part of the auxiliary
building'entilation

system.

d) Radiation Protection Calibration Facility

The calibration facility is located off the 609'uxiliary
Building Crane Bay. This provides an area for storage and
calibration of instruments and storage of higher activity
radioactive calibration sources. The room is also used as a
repair facility for radiation protection equipment.

Sources available for calibrations purposes are:

One Cs-137 Shepard model 89 calibrator and one Shepard
model 1425 calibrator capable of low level to very high
level radiation intensities.

One PuBe neutron source for calibration of neutron
instruments.
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Access to the facility is normally controlled using the computer
controlled keycard system. Methods are available for locking the
facility should the computez system fail.

11.4.2 Radiation Control

Personnel exposure to, radiation is maintained as low as reasonably
achievable (ALARA) by controlling access, through radiation work
permits and by the use of shielding when appropriate.

11.4.3 Access, Control

Access is controlled to the radiologically restricted area on the
basis of radiation levels and/or the presence of radioactive
materials or contamination.

Any area in which radioactive material is stored, handled or
processed, or in which radiat'on dose rates are ~ 0.2 m R/hr is
designated a radiologically restricted area. These areas are
designated by signs such as RESTRICTED AREA, RADIOACTIVE MATERIALS,
etc.

Within the radiologically restricted area access is further
controlled based on radiation and contamination levels. The
entrances to all areas within the restricted area are posted with
signs stating CAUTION, DANGER, OR GRAVE DANGER and the appropriate
area designation: radiation area, high radiation area, extreme high
radiation area, very high radiation area, controlled surface
contamination area, high controlled surface contamination area, and
airborne radioactivity area.

Radiation protection personnel make routine surveys of accessible
areas of the plant to establish current status of the radiation
levels in these areas. Radiological information is posted showing

(

.radiation levels (and significant radiation sources) in the area.

11.4.4 Contamination Control:

The spread of contamination from one area to another is minimized by
the use of step-off pads. Bags are used to carry contaminated tools
and equipment.
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Personnel monitoring devices such as, count rate meters with Geiger-
Mueller detectors, hand and foot monitors and whole body
contamination monitors are located throughout the radiological
restricted area for use by personnel to monitor themselves for
contamination. Personnel are also monitored for contamination in
the access control facility prior to leaving the auxiliary building
or a posted controlled surface contamination area.

All personnel are monitored for contamination when leaving the
Protected Area through the Security access control area.

Radiation protection personnel condu-t routine contamination surveys
of accessible areas of the plant. Any area contaminated above set
procedural levels is posted appropriately and decontaminated as soon
as, and if, practical. Radiological information is available
showing the contamination and radiation levels. Appropriate
protective clothing to be worn when entering the radiologically,
restricted area is specified on radiation work permits or by
radiation protection personnel.

11.4.5 Personnel Contamination Control

The potential for personnel contamination. is minimized by the use of
several types of protective cloth'ng. The type and number of each
specific piece of protective clothing to be worn is specified by the
radiation work permit or by radiation protection personnel based on
known or suspected contamination levels.
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Normally, most of the plant is accessible to personnel in street or
conventional clothing.

11.4.6 Airborne Contamination Control

Airborne contamination is minimized by maintaining loose surface
contamination at a low level. Efforts are made to,install temporary
process ventilation control devices to avoid approaching or
exceeding 10 CFR 20 levels. lf the use of this equipment is not
feasible or calculations show that the total dose would be lower, a
provision may be made for personnel to use respiratory protection
equipment to minimize personnel exposure to airborne radioactivity.
Allowances are made for determining if personnel in radiologically
restricted areas are subjected to concentrations in excess of
Appendix B, Table 1, Column 3 of 10 CFR 20.

Several types of respiratory protection are available for per'sonnel
use:

a)
b)

c)

Full-Face Cartridge Mask
Supplied - Air

Full-Face Mask, Constant Airflow
Polyethylene Hood

Self-Contained Breathing Apparatus
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11.4.7 , External Radiation Dose Determination

Personnel expected to receive 'occupational dose while on site are
issued self-reading dosimeters and/or thermoluminescent dosimeters
prior to entering the radiologically restricted areas.
Thermoluminescent dosimeters are normally used to measure personnel
radiation doses and are normally the primary basis for determining
the dose of record. Self-reading dosimeters are normally used to
provide a continuous readout of occupational dose accumulated
between thermoluminescent dosimeter processing and also provide a

backup to the thermoluminescent dosimeter data and may be used
either COnCurrently with Or in lieu Of TLDS in SOme CirCumStanCeS.
Dose records are maintained on personnel that receive dose while on
site.

Extremity dosimeters are issued as required. Neutron exposure
~ .

monitoring is accomplished through dosimeters or the use of measured
neutron dose equivalent rates and stay times.

Provisions are in place for the determination of skin dose in the
event of significant skin contamination or upon repeated entry into
areas having a significant airborne noble gas concentration.

An annual tabulation of the number of plant, utility, and other
personnel receiving dose greater than 100 mrem in a calendar year
and the associated collective dose according to work and job
function is included in the annual operating report. In addition,
all doses are reported as required by 10 CFR 20.

Plant supervisors are kep- informed of plant personnel doses as
results are received from the computerized radiation protection
system.
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11.4.8 Internal Radiation Dose Determination

Passive internal monitoring is routinely performed for all workers
in order to detect external and/or internal deposition of
radioactive materials. Additionally, investigational whole body

counts are also conducted when a potential intake of radioactive
material may have occurred. Any committed effective dose equivalent
determination results are maintained with other dose records
consistent with records retention guidelines. The determination of
dose will be based upon approved radiological protection
methodology.

11.4.9 Radiation Protection/Radiochemistry Instrumentation

a) un in Room Ins r menta ion

Counting room instrumentation includes gamma spectroscopy
equipment, tritium analysis equipment and alpha and beta
counting equipment (low background) .

b) Por le Radia ion Det c i n Instrum n ati n

Portable instrumentation includes devices for measuring thermal
and fast neutrons; alpha contamination; low, mid, and high
range gamma exposure rates; and personnel contamination (e.g.,
friskers). A transfer standard, ionization chamber is
available.
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c) Air Sam lin Instrument ti n

Air sampling instrumentation includes low and high volume air
sampler- and continuous air samplers which measure for
particulate, radioiodines and noble gases.

d) Personnel Monitorin Instrumentation

Personnel monitoring instrumentation includes devices
appropriate for monitoring deep, shallow, and lens dose
equivalents are used.

e) Em r nc Instrumentati n

Emergency instrumentation located throughout the plant and
offsite include low and high range exposure rate meters, air
samplers and personnel monitoring devices.
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Self-reading dosimeters of appropriate range.

11.4.10 T sts and Ins ections

al ~ahieldin

To assure shielding integrity is maintained, radiation surveys
of plant areas are performed routinely.

b) Ar a nd Process Radia i n Moni ors

Each technical specification area and process monitor is
regularly tested to assure that the:

Calibration of the monitor is correct.

Alarm and trip points function properly.

In addition, each non technical specification radiation monitor
is regularly tested to ensure the calibration of the monitor is
correct.

c) P rt l and S mi-P r bl Ra ia ion M ni rs

This equipment is'regularly tested to assure correct
calibration and function.

M hods Pre enc and andards Us d in Calibratin In ruments

1) Method

Beta-gamma portable survey instruments and portable count rate
instruments are calibrated as described in Subchapter 11.4,
using written procedures. Neutron survey instruments are
typically calibrated offsite. Counting and measuring
instruments are calibrated using low level calibration sources.

Small check sources are available for checking the operation
and response of survey instruments, portal monitors, and
contamination monitoring instruments.
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2) Frequency

Radiation protection instruments are periodically checked,
repaired, and/or calibrated by qualified personnel.

3) Standards

The calibration sources in the calibration facility are
themselves calibrated using an instrument for which the
standardization is traceable to the National Institute of
Standards and Technology.
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TABLE 11.5-1

DESIGN AND MEASURED EQUILIBRIUM REACTOR COOIANT FISSION PRODUCT

ACTIVITIES FOR OPERATING PMR'S AND CALCULATED VALUES FOR THE D. C. COOK STATIONS

**Ginna Station **Beznau Station Cook Station

Design*

Value

uc/cc

Measured

Value

uc/cc

Ratio

Measured

Design

Design*

Value

uc/cc

Value

uc/cc

Measured

Design

Value

uc/cc

Measured Ratio Design+

Total Activity 216 71 0.33 299 168 0.73 207

Isotopic Activity
(Key Isotopes)

I-131 1.53 0.37 0.96 0.75 0.78 1.7

I-133 2 '5 1.7 0.67 1.74 2.0 1.16 2,6

Xe-133 184 45 0.24 200 119 0.60 178

Cs-134 0. 19 0.06 0.32 0.22 0.075 0.35 0.13

Cs-137 0.94 0.37

*Based on an assumed 1% defect level.
**Amendment 20 to original FSAR (Mar, 1972)

0.40

11.5-4

1.53 0.22 0.15 0.8
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TABLE 11. 5-2
BLOWDOWN TREATMENT SYSTEM COMPONENTS

Number

Fluid
Pressure, Suction
Temperature
Head

Flow
Type
Material, Casing

Impeller
NPSH, minimum Ft. H 0

1 per unit
Steam generator blowdown
Atmospheric
200 F

125

60 gpm
Horizontal centrifugal
Steel
Bronze
2.5

H Exhn r

Number

Shell Side (blowdown liquid)
Inlet Temperature
Outlet Temperature
Max. pressure
Operating pressure
Flow
Material
Pressure drop, normal

maximum allowable
Tube Side (non-essential service water)

Inlet Temperature
Outlet Temperature
Max. pressure
Operating pressure
Flow
Material
Pressure drop, normal

maximum allowable

1 per unit

200 F

120 F

70 psi
50 psi
60 gpm
304 Stainless Steel
4 psi
15 psi

76 F

106 F

150 psig
75 psig
160 gpm

304 Stainless Steel
5 psi
9 psi
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11. 6 ~IOACT~ MATERIALS SAFETY

11. 6. 1 MATERIALS SAFETY PROGRAM

Licensed material is used, handled by, or under direction of one of those
designated as an individual user in the license. Each individual using
such radioactive materi.al is familiar with the restrictions and limitations
placed upon that parti.cular source.

An inventory of licensed material on site is maint ' darne an periodically
updated. The inventory record contains, as a minimum, the use and
locations of, licensed material,'and the receipt dat d'f' d'an ina isposi.tion
of material no longer in use.

11. 6.1. 1 ~Securit

Sealed sources, with the exception of those installed in or on equipment
and small check or calibration sources, are kept under lock and key when
not „in use.

11.6;1.2 Source Handlin

'I

Whenever radioactive sources are handled or us duse, care is en to avoidtak
unnecessary exposure, the spread of contamination, or damage to the source.
Xn addition, a Radiation Work Permit is required for the following
situations dealing with licensed sources:

1. Any time a sealed source capable of giving an exposure greater
than 5 mrem/hr at 30 centimeters is used or handled.

2. Any time a sealed. source is installed in, or removed from,
equipment on which it is normally installed.
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11.6.1.3 Materi 1 H ndlin of S ecial N le r Ma rial SNM

A Nuclear Materials Management Group has the overall responsibility for SNM

and the associated inventory records.

There are four Item Control Areas (ICA) designated for the plant. The
1custodian for each of these areas is responsible for all SNM entering,

leaving, or being stored in this area. All material transfer documents for
this ICA are signed by the ICA Custodian or alternate. The chain of
responsibility between the Custodian and the Nuclear Materials Management
Group is shown in Figure 11.6-1.

Figure 11.6-2 presents a diagram of the flow of SNM through the plant.
Responsibility for the control and accountability of each physical unit of
SNM begins with the on-site receipt. The responsibility for this control
and accountability terminates for each physical unit when the physical unit
of SNM is shipped off-site.

I

Each time fuel is transferred into or out of the ICA, the transfer is
documented by appropriate entries on an ICA Transfer Form.

. In'ventory of all SNM must be taken on a periodic basis.

11.6.1.4 NM Tran f r Pr c dur

Fuel assembly, fission chamber detector, and moveable miniature neutron
flux detector (MMNFD) movement from one ICA to another ICA is not to be
initiated until an ICA Transfer Form has been approved by the Reactor
Engineering Manager or alternate». The ICA Transfer Form shows
the fuel assembly and/or fission chamber detectors and/or MMNFD involved,
their origin, destination, and approval by the Reactor Engineering Manager
or alternate; and permits transfer of the fuel assembly, fission chamber
detectors or MMNFD across the boundaries of the ICAs involved.

During refueling, new fuel receipt, fuel exams, and fuel shuffles, the
approved fuel shuffle sequence may be substituted for the ICA transfer
and internal transfer forms.
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Additionally, SNM movement within an ICA is administratively controlled by
use of the ICA Internal Transfer Form. Each Internal Transfer Form must be
signed by the Reactor Engineering Manager or alternate before it is

Iconsidered approved. Each ICA Internal Transfer Form and ICA Transfer Form
has a limited lifetime of ten calendar days as delineated on the form with
the exception of new fuel receipt.

The detailed procedures for material handling and transfer of all Special
Nuclear Material are described in the SNM Accountability Manual of the
Donald C. Cook Nuclear Plant.

11.6.2 PERSONNEL AND PROCEDURES

The key personnel responsible for handling and monitoring the Special
Nuclear Material are identified by title in the Special Nuclear Materials
Accountability Manual.

I

Radia ion f In ruction

The Radiation Protection Plan presents the philosophy and guidelines to be
used to control the exposure to radiation and radioactive materials, and to
effectively restrict the exposure of personnel within the plant and members
of the general public to ionizing radiation resulting from the operation of
the plant.

Safe handling and usage of radioactive materials are also described in
Radiation Protection Procedures, Laboratory Procedures, Fuel Handling
Procedures, and the Special Nuclear Material Accountability Manual.
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11.6.3 REQUIRED MATERIALS

The isotope, quantity, form and use for all required byproduct, source and
special nuclear material for the Donald C. Cook Nuclear Plant are
identified in the Facility Operating License and subject to the conditions
identified in the Technical Specifications.

11.6.4 RADIOACTIVE HASTE STORAGE

The Donald C. Cook Nuclear Plant is located in the State of Michigan.
Michigan waste generators were unable to dispose of their low level
radioactive waste from November, 1990 until July 1995, when the Barnwell
disposal site re-opened. The Cook Nuclear Plant is storing some waste in
the Radioactive Material Building.

The Radioactive Material Building was designed and constructed with the
primary purpose of storing low level. radioactive waste. It is located
behind the Training Building about a half mile from the auxiliary and,
containment buildings. It has four different areas: the cell area, the dry
active waste (DAH) area, the truck bay, and the service area.

The cell area will be used to store the more radioactive of the low level
radioactive waste. There are twelve cells each with a pair of two-foot
thick covers. Typically, waste in seven foot high, seven foot diameter,
cylindrical, high integrity containers are put in the cells. They would
contain filters and resin. The materials are placed into the cells with an
overhead crane.

The DAW area is used to store dry active waste in boxes and drums. This
waste is less radioactive and is handled using a forklift.

The truck bay was designed to accommodate a tractor and trailer. The waste
is unloaded in this area with a forkliftor the overhead crane. The truck
bay is adjacent to the cell area.
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12. ONDUCT OF OPERATIONS

12.1 ORGANIZATI N AND RE PONSIBILITY

Overall responsibility for all plant operations is vested in the American 'lectric
Power Company. The Westinghouse Electric Corporation provided technical assistance
during the period of pre-operational testing, core loading, initial startup and pre-
commercial operation.

The approach to operating the plant was compatible with the organizational concepts
and operational philosophy that have been successfully employed for many years in
the Company's conventional thermal plants. Many of the plant personnel were
initially drawn primarily from the existing American Electric Power System
conventional plant staff, and most had significant conventional power plant
experience, plus varying degrees of nuclear experience.

The plant organization is shown in the QAPD. This organization is in accordance
with the organizational practices of the Company for conventional generating plants,
with increased emphasis on the technical functions required for the operation of a

nuclear plant. The Site Vice President through the Plant Manager and appropriate
department superintendents, provides supervision for the plant personnel and

maintains direct responsibility for all plant activities. The plant organization is
under the functional direction of and receives technical support from the
American Electric Power Service Nuclear Generation Group, located on-site and in
Buchanan, Michigan.

The individuals selected for Site Vice President position and each of the
professional staff positions in the operating organization meet or exceed the
minimum qualifications of ANSI N18.1-1971/ANS 3.1-71 for comparable positions.
addition: (1) the plant radiation protection manager meets or exceeds the
qualifications of Regulatory Guide 1.8, September 1975; (2) the shift technical
advisors have a Bachelor's degree or equivalent in a scientific or engineering

In

discipline with specific training in plant design, and response and analysis of the
plant for transients and accidents; and (3) the operations superintendent holds or
has held a senior operator license, or has been certified with senior operator
equivalent knowledge.
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12.5 REVIEW AND AUDIT OF PERATIONS

To ensure safety'nd efficiency of operation of the plant, administrative
procedures have been established to review the following:

1. All Plant Manager Instructions and revisions.

2. All plant operating proceduies that may involve an unreviewed

safety question as defined in 10 CFR 50.59.

3. Changes in plant operating procedures that may involve an

unreviewed safety question as defined in 10 CFR 50.59.

4. Design changes that may „involve an unreviewed safety question as

defined in 10 CFR 50.59.

5. ,Proposed tests and experiments that may involve an unreviewed

safety question as defined in 10 CFR 50.59.

6.= Proposed changes to the Technical Specifications

7. Violations of the Technical Specifications

8. All reportable events..

Two committees have been established for this purpose: the Plant Nuclear
Safety Review Committee (PNSRC) and the'uclear Safety and Design Review

Committee (NSDRC) . The members of these committees, their responsibilities
and their authority, have been noted in the Administrative Control sections
of the Technical Specifications.

Audits of facility operations are conducted as previously described in
Section 1.7.
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12.6 NU LEAR DESI N AND SUPPORT CAPABILITY

The Cook Nuclear'Plant organization is under the functional direction of and

receives technical support from the AEP Nuclear Generation Group (NGG) which
is headquartered at 500 Circle Drive, Buchanan, Michigan.

The American Electric Power Service Corporation (AEPSC), with offices
currently at 1 Riverside Plaza, Columbus, Ohio, 43215, provides engineering

t

operational support, design, legal, accounting and related services to the
AEP System. Consequently, AEPSC employs engineers, designers, and drafters
'who are experienced in the design and construction of electric generating
stations. AEPSC acts as the architect-engineer for the AEP system and as
such has designed and built nearly all of the System's present generating
capacity. AEPSC was responsible for the design of the Donald C.

Cook Nuclear Plant and for construction of the entire plant. Design and

fabrication of the nuclear steam supply system components and the initial
fuel load were performed by the Westinghouse Electric Corporation and its
subcontractors.

AEPSC began training employees in nuclear power in 1952 with the assignment
of several engineers, designers and maintenance specialists to Oak Ridge
National Laboratory, Bettis Atomic Power Laboratory, Knolls Atomic Power

Laboratory, and various projects at the National Reactor Testing Station.
Since that time, a large number of additional AEP personnel have completed
assignment's at various national laboratories or pursued graduate level work
in nuclear engineering at leading universities, while others have attended
shorter courses and seminars in various aspects of the nuclear power
industry.

In 1953, AEP became one of the co-founders of the Nuclear Power Group, Inc.,
and in the ensuing years participated, technically and financially, in the
development of the Dresden Nuclear Power Station. This group was then
dissolved. It evolved into. the East Central Nuclear Group (ECNG); and AEP

was instrumental in the new group's formation. ECNG was comprised of 10t utility companies.= 'ts goal was to research and develop
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nuclear power. The AEP Service Corporation acted as architect-engineer
administrator and research and development manager for the group.

ECNG's major undertakings were the development with the General Nuclear
Engineering Corp. of the Florida West Coast Nuclear Group gas-cooled, heavy
water moderated reactor from 1957-61, the joint development with Babcock &

Wilcox of a Supercritical Pressure Steam Cooled Fast Breeder Reactor from
1963-65, the development of a Gas Cooled Fast Breeder Reactor in cooperation
with Gulf General Atomic from 1965-67, the development with General Electric
of a Steam Cooled Fast Breeder Reactor in 1967-1968, and from 1968 through
1982, a further project with General Atomic for the Gas Cooled Fast Breeder
Reactor, first through an informal group of utilities and then
through Helium Breeder Associates.

In addition, ECNG, with the aid of AEPSC staff and S. M. Stoller Associates,
made a thorough study of the "The Outlook for Uranium", a survey of the
likely demand and availability of nuclear fuel; and with the Massachusetts
Institute of Technology produced a study of the "Effects of Changing
Economic Conditions of Fuel Cycle Costs". This program 'investigated the
ten-projected effects of private ownership of nuclear power economics. ECNG

is now dissolved.

At the present time, the AEP Nuclear Generation Group consists of
professional personnel who devote their professional energies to Cook

Nuclear Plant and nuclear power industry issues. In addition, there are
other individuals at AEPSC with substantial nuclear training or specific
nuclear experience, in key engineering, design and operating positions.
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14. 1 CO 0 ON

The Reactor Control and Protection System is relied upon to protect the core and

reactor coolant boundary against the following fault conditions:
I

1. Uncontrolled RCCA bank withdrawal from a subcritical condition

2. Uncontrolled RCCA bank withdrawal at power

3. RCCA misalignment (this encompasses RCCA drop)

4. Uncontrolled Boron dilution

S. Loss of reactor'oolant flow (including locked rotor)
J

6 Start-up of an inactive reactor coolant loop

7 Loss of external electrical load and/or turbine trip

8 Loss of normal feedwater

9. Excessive heat removal due to feedwater system malfunctions

10. Excessive load increase

ll'oss of offsite power (LOOP) to the station auxiliaries

.12. Turbine~enerator overs peed
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RC Reduce Tem era ur nd Pr s ur RTP 0 erati n

The safety analyses presented in this chapter include where necessary the
effects of reduced RCS temperature (reactor .essel average temperature) and

pressure (pressurizer pressure) operation for Cook Nuclear Plant Unit 1.
Operation with a core power .of 3250 MWt is supported in the range of full power

O O

primary vessel average temperatures between 553 F and 576.3 F at RCS pressure
values of 2100 psia or 2250 psia. In addition, the evaluation performed
supports a maximum steam generator tube plugging level of 30%. Table 14.1-1
(Cases 1 and 2) presents the range of conditions for the reduced RCS temperature

Iand pressure operation. Steamline break mass and energy releases were evaluated
to account for full power primary vessel average temperatures between 547 F and0

0581.3 F, thus bounding the licensed RCS temperatures of Unit 2.

The effort to support an increased steam generator tube plugging (SGTP) 1'evel of
30% consisted of re-analyses and evaluations. For the non-LOCA transients that
were evaluated, the "analysis of record" continues to be the previously
performed analysis which supports the future rerating of Unit 1. As such, the
range of conditions presented as Cases 3 and 4 of Table 14.1-1 continue to
apply. Thus, these particular transients have been shown to satisfy the
applicable acceptance criteria via the rerating analysis and the subsequent 30%

SGTP evaluation.

The results of the non-LOCA occurrences safety analyses presented in the
following sections show that the reduced RCS temperature and pressure operation
for Unit 1, can satisfy the applicable FSAR safety limits. The safety analyses
support a maximum average steam generator tube plugging level of 30%, provided
the minimum measured RCS flow of 84,775 gpm/loop is met and the RCS temperature
and pressure presented in Table 14.1-1 (Cases 1 and 2) are not exceeded. A 5%

RCS flow asymmetry is also supported by the safety analyses. Specifically, a

total RCS flow rate of 339,100 gpm with a reduction of RCS flow in one loop of
5% below the average loop flow rate was evaluated in the safety analyses. As

long as the total minimum measured RCS flow is equal to or g".eater than 339,100
gpm, the flow rate in one loop may be below 84,775 gpm by as much as 5%. Should
the flow rate in more than one loop be below 84,775 gpm, a total loop flow short
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fall less than or equal to 5% of 84,775 gpm is supported by the safety analyses,
provided the total minimum measured RCS flow is equal to or greater than 339,100

gpm.

React r Protection S stem RPS and En ine r fe Fea re ESF

et pints Assum d in Anal si

To enhance operating flexibility for the RCS reduced temperature and pressure
operation with a maximum average steam generator tube plugging level of 30%,

certain Reactor Protection System (RPS) setpoints and emergency diesel
generation (EDG) requirements were revised. The revised RPS setpoints include
the overtemperature ~T (OT~T) and the overpower ~~ (OP~T) reactor trips. The

revised EDG requirement is relaxed, such that the total EDG start-up delay time

supported by the safety analyses is now 30 seconds.

A reactor trip is defined for analytical purposes as the insertion of all
I

RCCAs except the most reactive one which is assumed to remain in the fully
withdrawn position. This is to provide margin in shutdown capability against
the remote possibility of a stuck RCCA condition existing at a time when

shutdown is required. The response times'f the reactor trip system

instrumentation is listed in Table 7.2-6.

Instrumentation is provided for continuously monitoring. all individual RCCAs

together with their respective bank position. This is done in the form of a

deviation alarm system. Procedures are established to correct deviations. In
the worst case, the plant will be shutdown in an orderly manner and the

condition corrected.

In summary, reactor protection is designed to prevent cladding damage in all
fault conditions listed previously. The most probable modes of failure in each

RPS channel result in a signal calling for the protective reactor trip.
Coincidence of two out of three (or two out of four) signals is required where

single channel malfunction could cause spurious trips while at power. A single
component or channel failure in the protection system itself coincident with

one'tuck

RCCA is always permissible as a contingent failure and does not cause

violation of the protection criteria. The reactor protection system is designedi in accordance with the IEEE 279 "Standard for Nuclear Plant Protection Systems,"

August, 1968.
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Reac r Tri S t in s

Revised OThT and OPET setpoints were calculated based on the new core thermal
safety limits using the methodology described in Reference 1. Figure 14.1-1
presents the allowable RCS loop average temperature and hT for the minimum
measured flow and power distribution as a function of RCS pressure. Figure
14.1-1 represents the most limiting operating configuration (nominal Tavg

0576.3 F, nominal RCS pressure 2100 psia) of the range of conditions described
in Table 14.1-1 for the calculation of the OThT and OPhT trip setpoints. The
boundaries of operation defined by the OPhT and OT4T trip setpoints are
represented as "protection lines" on this diagram. The protection lines are
drawn to include all adverse instrumentation and setpoint errors so that unde"
nominal conditions, a reactor trip would occur well within the area bounded by
these lines., The utility of this diagram is in the fact that the limit imposed
by any given DNBR can be represented as a line. ,The DNB lines represent'he

I
locus of conditions for which the DNBR equals the safety analysis limit value.
All points below and to the left of a DNB line for a given RCS pressure have a

DNBR greater than the limit value. The diagram shows that DNB is prevented for
all cases if the area enclosed within the maximum protection lines is not

'raversedby the applicable DNBR limit line at any point for a given RCS

pressure.

The area of permissible operation (power, pressure, and temperature) is bounded
by the combination of reactor trips: high ne~ tron flux (fixed setpoint); high
pressurizer pressure (fixed setpoint); low pressu.izer pressure (fixed
setpoint); overpower and overtemperature dT (variable setpoints)
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The safety limit value, which was used as the DNBR limit for all accidents
analyzed with the Revised Thermal Design Procedure (RTDP) (Reference 2), is
conservative compared to the actual design DNBR value required to meet the DNB

design basis.

Table 14.1-2 presents the limiting reactor trip setpoints assumed in the safety
analyses and the time delay assumed for each trip function. The differences
between the limiting reactor trip point assumed for the safety analyses and the
normal reactor trip point represent an allowance for instrumentation channel
error and setpoint error. Nominal reactor trip setpoints are specified in the
plant Technical Specifications. Time response testing demonstrates that actual
instrument time delays are equal to or less than the assumed values.
Additionally, reactor protection system channels are calibrated and instrument
response times determined periodically in accordance with the Technical
Specifications.

The safety analyses presented in the following sections assume that the
reference average temperatures (T'nd T") used in the OThT and OPhT setpoint
equations are rescaled to the full power average temperature each time the cycle
average temperature is changed. It is also assumed that the reference pressure
(P') in the OThT equation is set equal to the appropriate nominal RCS pressure
(2250 psia or 2100 psia). 'Figures 14.1-1 through 14.1-4 illustrate the OThT and

OPhT setpoints for the endpoints of the range of average temperatures for the
30% SGTP conditions of Unit 1 at either 2100 psia or 2250 psia. The safety
analyses also assume recalibration of the NIS excore detectors to compensate for
the changes in coolant density each time,.the cycle operating conditions are
changed.
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The Unit 1 non-LOCA safety analyses for the RCS reduced temperature and pressure
operation with 30% steam generator tube plugging (SGTP) were performed using
current Westinghouse methodology and computer codes. For the safety analyses
presented in the following sections, the„results show that the RCS reduced
temperature and pressure operation with a maximum SGTP level of 30% for Unit 1,
satisfy the applicable FSAR acceptance criteria.,

Ini ial ondi ion

All transients have been analyzed or evaluated to demonstrate that RCS reduced
temperature and pressure operation with a maximum average steam generator tube
plugging level of 30~ can be supported. Several of the transients reflec't

Iinitial condition values consistent with the previously analyzed transients that
were performed to support, the rerating (i.e., 3411 MWt core power) of Unit 1.

For each of the transients reanalyzed to support RCS reduced temperature and

pressure operation with 30'-. SGTP, conservative nominal values for initial
reactor thermal power and RCS temperature and pressure are assumed to bound the
RCS reduced temperature and pressure operation. The initial conditions for each
safety analysis are presented in Table 14.1-3.
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For most transients which are DNB limited, nominal values of initial conditions
and the minimum measured flow (339,100 gpm) are assumed. The allowances on

reactor thermal power and RCS temperature and pressure are determined on a

statistical basis and are included in the limit DNBR as described in NCAP-11397

(Reference 2) . This procedure is known as the "Revised Thermal Design

Procedure" (RTDP).

For occurrences that are not DNB limited or in which RTDP is not employed, the

initial conditions are obtained by adding the maximum steady state errors to
nominal values. The following steady state errors are considered:

A. Core Thermal Power + 2% calorimetric error allowance

B. RCS Average Temperature + 4.1 F controller deadband and

measurement error allowance; plus a +1.0" F

bias for cold-leg streaming
C. RCS (Pressurizer)

Pressure

+ 67 psi - steady state fluctuations and

measurement error allowance

D. Reactor Flow Thermal Design Flow (332,800 gpm)
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Table 14.1-3 summarizes initial conditions and computer codes used in the safety
analysis of occurrences in Sections 14 .1 .1 through 14 .1 .12 and Sections 14 .2 .5,
14.2.6 and 14.2.8, and shows which transients employed a DNB analysis using the
RTDP.

Rea tor re Pow r Di ribu i n

The transient response of the reactor system is dependent on the initial power
distribution. The nuclear design of the reactor core minimizes adverse power
distribution through the placement of RCCAs and operation instructions. The

power distribution may be characterized by the radial peaking factor, F , and
AH'hetotal peaking factor, F . The peaking factor limits are given in the

Technical Specifications.

For occurrences which may be DNB limited, the radial peaking factor is of.

importance. ,The radial peaking factor increases with decreasing power level due

to RCCA insertion. This increase in F> is included in the core thermal'safety
limits. All occurrences that may be DNB limited are assumed to begin with a F,hH
consistent with the initial RCS thermal power level defined in the Technical
Specifications.

The radial and axial power distributions ere input to the THINC Code as

described in Chapter 3.

For occurrences which may be overpower limited, the total peaking factor, F , s
Q'f

importance. All transients that may be overpower limited are assumed to
begin with plant conditions including power distributions which are consistent
with reactor operation as defined in the Technical Specifications.
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For overpower occurrences which are slow with respect to the fuel rod thermal
time constant, for example the uncontrolled boron dilution incident which lasts
many minutes, and the excessive load increase incident which reaches equilibrium
without causing a reactor trip, fuel temperature limits are discussed in Chapter

3. For overpower occurrences which are fast with respect to the fuel rod

thermal time constant, for example the uncontrolled RCCA bank withdrawal from a

subcritical condition and RCCA ejection occurrences which result in a large
power rise over a few seconds, a detailed fuel heat transfer calculation is
performed. Although the fuel rod thermal time constant is a function of system

conditions, fuel burnup and fuel rod power, a typical value at beginning-of-life
for high power fuel rods is approximately 7 seconds.

R c or Tri

I
A reactor trip signal acts to open the two trip breakers connected in series
feeding power to the RCCA drive mechanism coils. The loss of power to the
mechanism coils causes the mechanisms to "elease the RCCAs, which then fall by
gravity into the core. There are various instrumentation delays associated with
each reactor trip function, including delays in signal actuation, in opening the
reactor trip breakers, and in the release of the RCCAs by the mechanisms. The

total delay to reactor trip is defined as the time delay from the time that
reactor trip conditions are reached to the time the RCCAs are free and begin to

k

-fall. The time delay assumed for each reactor trip function is given in Table
14.1-2.

The difference between the limiting reactor trip setpoint assumed for the safety
analysis and the nominal reactor trip setpoint represents an allowance for
instrumentation channel error and setpoint error.

The instrumentation drift and calorimetric errors used in establishing the
maximum power, range high neutron flux setpoint are presented in Table 14.1-4.
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The negative reactivity insertion following a reactor trip is a function of the

acceleration of the RCCAs and the variation in RCCA worth as a function of RCCA

posit'ion. RCCA positions after the reactor trip have been determined

experimentally as a function of time using a prototype RCCA under simulated flow

conditions. The resulting RCCA positions were combined with the RCCA worths to

define the negative reactivity insertion as a function of time, according to

Figure 14.1-5.

0th r Assum i n

Those analyses that model the mitigation effects of Protection and/or Engineered

Safety Features have used the response times provided in Table 7.2-6 and 7.2-7.

Some input assumptions differ somewhat from values that may be found elsewhere

in the UFSAR. In particular, Tables 14.1-4, 14.1-5, and 14.1-6 display RCS

volumes, steam generator mass, RCS pressure drops used in the current analyses

These tables can be found in reference 7. Table 14.1-7 lists the RCS pressure

drops at Best Estimate flow calculated at 0% steam generator tube plugging and

at 30% SGTP (Reference 7).

The time to draindown the RWST and the time to switchover to recirculation
cooling affects the LOCA containment integrity analysis. For peak pressure

considerations, it is conservative to switchover,to recirculation sooner because

of the decreased cooling effect during the recirculation phase of operation of

the safety injection, the upper compartment spray, and the lower compartment

spray. Because the fluid enthalpy increases during the recirculation mode, the

safety injection and spray efficiency is diminished. Also, once the steam

generators have. equilibrated, the mass and energy releases are determined based

upon a boiloff calculation that is related to the safety injection water

enthalpy. The higher the enthalpy, the larger the releases. Therefore,

utilize:ng a conservatively early switchover time sequence also results in highe'r

and more conservative mass and energy releases to containment. Also included in

the containment pressure calculation is the early part of the switchover

sequence, when the containment sprays are initially drawing water
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from the RWST. During this period the sprays are shut'ff. It is also assumed

that the spray switchover sequence is started, and is completed over a 4 minute
period. This results in a spray interruption (i.e., no containment spray flow)
during this period. A 4 minute spray interruption is also assumed in the
offsite dose analysis.

For the draindown calculation the maximum pump and spray flows are assumed

during injection, and combined conservatively, to shorten the time to start the
switchover sequence. If necessary, valve closing time is neglected. The

draindown and switchover sequence information is determined in a conservative
manner to support the analytical basis for the peak pressure calculation. A

table providing details of the various elements that were developed to support
these assumptions is presented in Table 14.1-8. The detailed information in
this table is not intended to serve as a requirement that the operators must
meet while demonstrating the capability to perform emergency operating
procedures related to the transfer to cold leg recirculation.

m er Codes U iliz d

S ummaries of the principal com'uter codes used xn the safety analyses are given
below.'he codes used in the safety analysis of each occurrence have been
listed in Table 14.1-3.

FACTRAN

FACTRAN calculates the transient temperature distribution in a cross-section of
a metal clad UO fuel rod and the transient heat flux at the surface of the clad
using as input the nuclear power and the time-dependent coolant parameters
(pressure, flow, temperature, and density). The code uses a fuel model which
simultaneously exhibits the following fea'tures:

A. A sufficiently large number of radial space increments to handle fast
transients such as rod ejection accidents.

B. Material properties which are funct'ons of temperature and a sophisticated
fuel-to-clad gap heat transfer calculation.
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The necessary calculations to handle post-departure from nucleate boiling
(DNB) transients: film boiling heat transfer correlations, Zircaloy-water
reaction, and partial melting of the materials.

FACTRAN is further discussed in Reference 3.

The LOFTRAN program is used for transient response studies of a pressurized
water reactor (PWR) system to specified perturbations in process parameters.

LOFTRAN simulates a multiloop system by a model containing the reactor vessel,
hot and cold leg piping, steam generators (tube and shell sides), and the

pressurizer. The pressurizer heaters, spray, relief, and safety valves are also
considered in the program. Point model neutron kinetics, and reactivity effects
of the moderator, fuel, boron, and rods are included. The secondary side of the

steam generator utilizes a homogeneous, saturated mixture for the thermal

~~

~ ~~ ~~"ransients and a water level correla'tion for indication and control. The

reactor. protection system is simulated to include reactor trips on high neutron

flux, overtemper-ature AT, overpower hT, and high and low pressure, low flow,
and hzgh pressurizer level. Control systems are also simulated including rod

control, steam dump, feedwater control, and pressurizer pressure control. The

ECCS, including the accumulators, is also modeled.

LOFTRAN also has the capability of cplculating the transient value of DNBR based

on the input from the core limits. The core limits represent the minimum value

of DNBR as calculated for typical or thimble cell.

LOFTRM is further discussed in Reference 4.

TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics code, which

as patterned after steady-state codes presently used for reactor core design.
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The code uses an implicit finite-difference method to solve the two-group
transient neutron diffusion equations in one, two, and three-dimensions. The

code uses six delayed neutron groups and. contains a detailed multi -region fuel-
clad-coolant heat transfer model for calculating pointwise Doppler and mode"ator
feedback effects. The code handles up to 2000 spatial points and performs it
own steady-state initialization. Aside from basic cross-section data and

thermal-hydraulic parameters, the code accepts as input basic driving functions
such as inlet temperature, pressure, flow, boron concentration, control rod
motion, and others. Various edits are provided, e.g., channelwise power, axial
offset, enthalpy, volumetric surge, pointwise power, and fuel temperatures.

The TWINKLE code is used to predict the kinetic behavior of a reactor for
transients which cause a major perturbation in the spatial neutron flux
distribution.

TWINKLE is further described in Reference 5.

THINC

The THINC-IV computer program, as. approved by the NRC, is used to determine
coolant density, mass velocity, enthalpy, vapor void, static pressure, and DNBR

distributions along parallel flow channels within a reactor core under all
expected operating conditions. The THINC-IV code is described in detail in
Reference 6.
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TABLE 14 . 1-1

UNIT 1 DESIGN POWER CAPABILITY PARAMETERS
USED IN NON-LOCA SAFETY ANALYSES

~Peace ee

(Reduced Temperature
and Pressure)

Case 1 Case 2

(Rerating)*

~Ca a 4 ~

NSSS Power, MWt

Core Power, MWt

RCS Flow, gpm/loop
Minimum Measured Flow,
gpm/loop

3262
3250
83200

84775

3262
3250
83200

84775

3425
3413
88500

91600

3425
3413
88500

91600

R S Tem era ures 'F
Core Outlet
Vessel Outlet
Core Average
Vessel Average
Vessel/Core Inlet
Steam Generator Outlet
Zero Load

589.7
586.8
555.8
553.0
519.2
518.9
547.0

611.9
609.1
579.4
576.3
543.5
543.2
547.0

583.6
580.7
549.7
547.0
513.3
513.1
547.0

614.0
611.2
581.8
578.7
546.2 ~

546. 0,
547.0

RCS Pressure, psia 2250
or

2100

2250
or

2100

2250
or

2100

2250
or

2100

Steam Pressure, psia
Stegm Flow
(10 lb/hr total) 0Feedwater Temp., F

595

14. 12
434.8

749

14. 17
434.8

603

14. 98
442.

820

15.07
442.

SG Tube Plugging, 30 - 30 10 10

* Cook Unit 1 is not licensed to operate at the rerated conditions
specified by Cases 3 and 4 with 30< steam generator tube plugging
(SGTP) levels. However, several events that were previously
performed using these conditions were subsequently evaluated to
support the 30% SGTP program. Hence, the rerated conditions are
also specified in this table for completeness.
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TABLE 14 . 1-2
REACTOR TRIP POINTS AND TIME DELAYS TO TRIP ASS ED IN SAFETY ANALYSES

Reactor Tri Function

Limiting
Reactor Trip
Point Assumed
In Anal sis

Time Delay
~Se onds

Power range high neutron
flux, high setting

118 percent 0.5

Power range high neutron
flux, low setting

35 percent 0.5

Overtemperature AT Variable, see
Figure 3.3-1 through 3.3-4

8.0

Overpower hT Variable, see
Figure 3.3-1 through 3.3-4

NA

High pressurizer pressure

. Low pressurizer pressure

High pressurizer water level

2420 psig

1825 psig e

100~o NRS

2.0

2.0

2.0

Low reactor coolant flow
(From loop flow detectors)

87 percent loop'' flow
1.0

Undervoltage trip
Low-low steam generator level 0.0 percent of narrow

range level span

1.5

2.0

High steam generator level
Turbine Trip
Feedwater Isolation

82 percent of narrow
range level span 2.5

11.0

c
d

Total time delay (including RTD bypass loop fluid transport delay
effect, bypass loop piping thermal capacity, RTD time response, and
trip circuit, channel electronics delay) from the time the temperature
difference in the coolant loops exceeds the trip setpoint until the
rods are free to fall. The time delay assumed in the analysis supports
the 6 second response time of the RTD time response, trip circuit
delays, and channel electronics delay presented in the Technical
Specifications.
No explicit value assumed in the analysis. Undervoltage trip setpoint
assumed reached at initiation of analysis.
The control rod scram time to dashpot is 2.4 seconds.
Overpower (OP) hT reactor trip not explicitly assumed in analysis.
A value of 1845 psig is used in LOCA analyses.
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TABLB 14.1-3
SUNHARY OP INITIALCONDITIONS AND COHPUTER CODES USBD

Pault Conditions

Computer
Codes

utilized

Noderator Noderator
Temperature Danoity
~cm~P ~8K m~cc ~Do I sr

Reactxvit Coefficients Assumed

DNB
Correlation

Revised
Thermal
Design

Procedure

Initial NSSS
Thermal PowerO~IIM

Reactor
Vessel
Coolant

~Plo GPN

Veooel
Average
Temperature~P

.Praoourixer
Pressure

~PS tA

Uncontrolled RCCA Bank

Withdrawal from a

Subcz'itical Condition

Uncontrolled RCCA Bank

Withdrawal at Power (2)

TWINKLB

PACTRAN

TN INC

LOPTRAN + 5 Hin and
Hax (3)

Refer to Section 14.1.1 Hin {I) W-3/WRB-1

See Section
14.1.1

WRB-1 Yao 3270

. 1962

327

146 ~ 432

339, 100

547

576 '

564.58
549.93

2033

2100

RccA Hioalignment LOPTRAN NAa

THIHC
WRB-1 3270 339, 100 576.3 2100

Uncontrol led Boron
Dilution

NA NA NA NA 3425 NA

Loss of Porced Reactor LOPTRAH 45 Hax WRB 1 3270 339, 100 576.3 2100
Coolant Plow

Locked Rotor
(Peak Pressure)

PACTRAH

TH INC

LOPTRAH +5 Nax NA NA 3335 332,800 581. 4 2317

Locked Roror LOPTRAN +5 Hax 3335 332, 800 581.4 2033

{peak Clad Temp)

DNA - Not Applicable

{I) Hinimum Doppler power defect (pcm/%power) a -9.55 + 0.035Q where Q io in \ power

t2) Hultiple power levels, Tavg, and reactivity feedback caoeo ware examined

[3) HaXimum DOppler pOWer defeCt (pCm/%POWer) a -19.4 + 0.065Q

(4) Ninimum and Naximum reactivity feedback caoeo were examined
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TABLB 14. ~ntinued)
SUHNARY OP INITIALCONDI J AND COHPUTBR COD6S USBD

Fault Conditions

Computer ~ Hoderator
Codes Temperature

Utilired Q>~cm 'P

Hoderator
Density

~&OK Be~a cc ~Do Ier

Reactivit Coefficients Assumed Revised
Thermal

DNB Design
~C1 'o P P

Initial NSSS

Thermal Power

P~PP

Reactor
Vessel
Coolant
~Plo oPll

Vessel
Average Pressuriter
Temperature Pressure

~eSPP

Locked Rotor

(Rods-in-DNB)

tS

PACTRAN

TH INC

Hax WRB-1 Yes 3270 339,100 576.3 2100

Loss of Blectrical
Load and/or Turbine

Trip (1)

LOPTRAN + 5 Hax and

Hin

WRB-1 3262 339,100 576.3 2100

Loss o( Normal Peedwater(5) LOPTRAN +5 NA Hax NA 3494 354,000 551.5 2285

Bxcessive Heat Removal(5)

Due to Peedwater System
1

Ha 1 function

~ 54 Hin WRB-1 Yes 3125 366,400(6) SI8. I

547

2100

6xcess Load Increase(5)

Incident

0 and .54 Nax and

Nin

WRB-1 Yes 3425 366, 400 (6) 578. 7 2100

Loss of Offsite Power(LOOP) (5) LOPTRAN +5

to the Station Auxiliaries
Hax NA 3494 351, 000 542.5 2285

Rupture of a Steam Pipe LOPTRAN See Pigure NA

THINC 14.2.5-1

See Pigure

14.2.5-2

W 3 332, 800 547 2100

Rupture of a Control Rod

Drive Hechanism Housing

TWINKLB See Section NA

PACTRAN 14. 2. 6.

Hin 3335 332,800

146,432

581.4

547

2033

~ MA - Not Applicable
(1) Hinimum DOppler, pOWer defeCt (porn/%pOWer) e -9.55 + 0.035() Where (} ie in \ pOWer
(2) Hultiple power levels, Tavg, and reactivity feedback cases were examined
(3) NaXimum DOppler pOWer defeCt (porn/%POWer) e -19.4 + 0.065(}
(4) Hinimum and Haximum reactivity feedback cases were examined
(5) values presented were used in the rerating analysis. Subsequent evaluations support the p30l sGTp parameters presented as cases 1 and 2 of Table 14.1-1.
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TABLE 14.1-4

IN TRUMENTATION DRIFT AND CALORIMETRI ERROR

POWER RANGE NEUTR N FLUX

Setpoint and Error
Allowances:

Estimated

Instrumentation
Errors:

f raewr

Nominal Setpoint 109

Calorimetric Error 1.55

Axial power distribution
effects on total ion

chamber current

Instrumentation channel

drift and setpoint
.reproducibility 1.0

Maximum overpower reactor trip
point assuming all individual
errors are simultaneously in

the most adverse direction 119
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. TABLE 14.1-5

DONALD "C. COOK NUCLEAR PLANT UNIT 1 SGTP PROGRAM

INPUT ASSUMPTIONS FOR RCS VOLUMES

In u Assum tions Ini ial Conditions

Reactor Vessel (ft')
04 SGTP

4826

30%'GTP

4826

Steam Generators (ft~ - Total) 4308 <'>

Reactor Coolant Pumps
(ft'otal)

314 314

Loop Piping (ft' Total) 1175 1175

Surge Line Piping (ft') 43

Pressurizer (ft~) 1 00 1800

Total RCS Volume (ft')
(Ambient Conditions)

12,466 11,551

.Total RCS Volume (ft~)
(Hot Conditions includes 3%

for thermal expansion)

12, 840 11,898

Notes:

(1) The SG tube volume is assumed to be 762 ft'/SG (3048 ft~ total) .

The increase in SG tube plugging from 0%,to 30% results in a total
reduction in SG tube volume of approximately 915 ft~. The
reduction between the SG tube volume and SG tube plugging is
assumed to be a linear relationship; e.g. at 15: SGTP, total volume
reduction is 0.15"(3048 ft~) 457.2 ft~..
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TABLE 14.1-6

DONALD C. COOK NUCLEAR'PLANT UNIT 1 SGTP PROGRAM

INPUT ASSUMPTIONS FOR STEAM GENERATOR SECONDARY MASS

In ut Assum tions Initial Conditions

0%'GTP 30% SGTP Cases

Original
Design Case

Low Temp
Case Al

High Temp
Case A2

Steam generator secondary '06,506
side mass (Total ibs/SG)

106,799 112,192

Notes:

(1) Initial conditions are presented for SGTP levels of 0% (Original
Design) and 30'. to bound the range of SGTP levels.

(2) .For Tavg of 553 F

(3) For Tavg of 576'F
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TABLE 14 . 1-7

DONALD C.'OOK NUCLEAR PLANT UNIT 1 SGTP PROGRAM

INPUT ASSUMPTIONS FOR REACTOR COOLANT SYSTEM PRESSURE DROP

In ut Assum tions Initial Conditions

0'o SGTP 30~o SGTP
Pressure Dr si Pressure Dro si

Reactor Vessel, including
nozzles (psi)

47 21 44 '26,
I

Loop Piping (psi) 5. 14 4.55

Steam Generator (psi)

Total (psi)

43.23

95.58<')

~53. 8
I

102.39(

Notes:

(1) Pressure drops calculated at Best Estimate Flow.
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TABLE 14.1-8

ECCS Injection to Recirculation Switchover Model for the Containment Response

Analysis Time After RWST Low Level Alarm

Event Step

Time (sec)

Cumulative

Time (sec)

RWST Low Level Alarm

.W RHR and W CTS pump stop 42 42

Close W RHR and W CTS pump suction valves

from RWST (IMO-320, IMO-225)

155 197

Open recirculation sump to W RHR/CTS pump

valve (ICM-306)

59 256

Start W RHR pump &. W CTS Pump

Close SI pump recirculation line to RWST

.valves (IMO-262, IMO-263)

26 282

286

Open W RHR heat exchanger discharge tie
valve to SI pumps (IMO-350)

294

Open SI pump suction crosstie valves to CC

pumps (IMO-360, IMO-361 or -362)

Close SI pump suction from RWST (IMO-261)

297

297
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Cook Nuclear Plant Unit 1 Normalized Negative Reactivity insertion as
a Function of Time Used for the Reactor Trip ln Transient Safety Analysis
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After the initial power burst, the neutron flux is momentarily reduced and
then, if the incident is not terminated by a reactor trip, the neutron flux
increases again, but at a much slower rate.

Termination of the startup incident by the above protection 'channels prevents
core damage. In addition, the reactor trip from pressurizer high pressure
serves as a backup to terminate the incident before an overpressure condi'tion
could occur.

Me h d of Anal is

The analysis of the uncontrolled RCCA bank withdrawal from subcritical acci-
dent is performed in three states: first an average core nuclear power tran-
sient calculation, then an average core heat transfer calculation, and

Ifinally the departure from nucleate boiling ratio (DNBR) calculation. The
average core nuclear calculation is performed using spatial neutron kinetics
methods (TWINKLE) to determine the average power generation with time
including the various total core feedback effects, i.e., Doppler

reactivity'nd

moderator reactivity. The average heat flux and temperature transients
are determined by performing a fuel rod transient heat transfer calculation
in FACTRAN. The average heat flux is next used in THINC for transient DNBR

calculation.

Analysis of this transient incorporates the neutron kinetics, including six
delayed neutron groups and the core thermal and hydraulic equations. In
addition to the neutron flux response, the average fuel, clad and water
temperature, and also the heat flux response, are computed.

In order to give conservative results for a startup incident, the following
additional assumptions are made concerning the initial reactor conditions:

1. Since the magnitude of the neutron flux peak reached during the initial
part of the transient, for any given rate of reactivity insertion, is
strongly dependent on the Doppler oower reactivity defect,,a con-
servatively low value is used for the startup incident -955 pcm.
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2. The contribution of the moderator reactivity coefficient is negligible

during the initial part of the transient because the heat transfer time

constant between the fuel and the moderator is much longer than the

neutron flux response time constant. However, after the initial neutron

flux peak, the succeeding rate of power increase is affected by the

'oderator temperature reactivity coefficient. The analysis. is based on a
0

moderator coefficient which was at least +5 pcm/ F at the zero power'ominal

'average "temperature, and which became less positive for higher temperatures.

This was necessary since the TVINKLE computer code used in the analysis is a

, diffusion theory code rather than a point kinetics approximation and the

moderator temperature feedback cannot be artificially held constant. with

temperature.

0
3. The reactor is assumed to be at hot zero power (547 F), This assumption

is more conservative than that of a lower initial system temperature.. The
I

higher initial system temperature yields a larger fuel to water heat

transfer, a larger fuel thermal capacity, and a less negative (smaller
absolute magnitude) Doppler coefficient. The less negative Doppler

~ coefficient reduces the Doppler feedback effect thereby increasing the

neutron flux peak. The high neutron flux peak combined with a high fuel
thermal capacity and larger thermal conductivity yields a larger peak

heat flux. Initial multiplication factor (k ) is assumed to be closely
0

approaching 1.0 since this results in the maximum neutron flux peak.

4. The most adverse combination of instrumentation and setpoint errors, as

well as delays for trip signal actuation and control rod assembly release,

are taken into account. h 10% increase has been assumed for the power

range flux trip setpoint raising it from the nominal value of 25% to a

value of 35% in addition to taking no credit for the source and

intermediate range protection. Reference to Figure 14.1.1-1, however,

shows that the rise in nuclear flux is so rapid that the effect of errors .

in the trip setpoint on the 'actual time at which the rods are released. is

negligible. In addition to the above, the rate of negative
reactivity'NIT
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Me hod of Anal sis

This transient is analyzed by the LOFTRAN code. The core limits as

illustrated in Figures 14.1-1 through 14.1-4 are used as input to LOFTRAN to
determine the minimum DNBR during the transient.

This accident is analyzed with the revised thermal design procedure described

in Reference 1. Plant characteristics and initial conditions are listed in
Table 14.1-3. For an uncontrolled rod withdrawal at power accident, the

following conservative assumptions are made:

A. Initial reactor power, pressure, and RCS temperatures are assumed to be

at their conservative nominal values. Uncertainties in initial
conditions are included in the limit DNBR as described in Reference 1.

B. Reactivity coefficients - two cases'are analyzed:

1. Minimum Reactivity Feedback. A +5 pcm/ F moderator temperature0

coefficient of reactivity and a least negative Doppler only power

coefficient (see Table 14.1-3) are assumed.

2. Maximum Reactivity Feedback. A conservatively large negative
moderator temperature coefficient and a most negative Doppler only
power coefficient (See Table 14.1-3) are assumed.

The reactor trip on high neutron flux is assumed to be actuated at a

conservative value of 118 percent of nominal full power. The hT trips
include all adverse instrumentation and setpoint errors, while the

delays for the trip signal actuation are assumed at their maximum

values.

D. The RCCA trip insertion characteristic is based on the assumption that
the highest worth assembly is stuck in its fully withdrawn position.
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E. The maximum positive reactivity insertion rate is greater than that for
the simultaneous withdrawal of the combinations of the two control banks
having the maximum combined worth at maximum speed.

~Res les

Figures 14. 1.2-1 through 14.1.2-3 show the transient response for a rapid
RCCA bank withdrawal incident starting from full power (case A). Reactor
trip on high neutron flux occurs shortly after the start of the accident.
Since this is rapid with respect to the thermal time constants of the plant,
small changes in T and pressure result and margin to DNB is maintained.avg

The transient response for a slow RCCA bank withdrawal from full power (case
B) is shown in Figures 14.1.2-4 through 14.1.2-6. Reactor trip on

* Iovertemperature hT occurs after a longer period and the rise in temperature
and pressure is consequently larger than for rapid RCCA bank withdrawal.
Again, the minimum DNBR is greater than the limit value.

Figure 14.1.2-7 shows the minimum DNBR as a function of reactivity insertion
rate from initial full power operation for minimum and maximum reactivity
feedback. It can be seen that two reactor trip functions provide protection

k

over the whole range of reactivity insertion rates. These are the high
neutron flux and overtemperature dT functions. The minimum DNBR is always
greater than the limit value.

Figures 14.1.2-8 and 14.1.2-9 show the minimum DNBR as a function of
reactivity insertion rate for RCCA bank withdrawal incidents sta'rting at 60

and 10 percent power respectively. The results are similar to the 100

percent power case, except as the initial power is decreased, the range over
which the overtemperature 4T trip is effective is increased. In neither case
does the DNBR fall below the limit value.
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The shape of the curves of minimum DNBR versus reactivity insertion rate in
the referenced figures is due both to reactor core and coolant system

transient response and to protection system action in initiating a reactor
trip.

The results of cases, which examined a conservative pressurizer water volume

transient due to the uncontrolled RCCA bank withdrawal at power accident,
showed that the pressurizer does not fill.

The time sequence of events for the RCCA bank withdrawl transient is shown in
Table 14.1.2-1.

Conclusions

The high neutron flux and overtemperature 4T, trip channels provide adequate
protection over the entire range of possible reactivity insertion rates,
i.e., the minimum value of DNBR is always larger than the limit value for all

~ fuel types. Also, the pressurizer does not fill.
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TABLE 14.1.2-1
TIME SEQUENCE OF EVENTS

Accident Event ~Time eec

Uncontrolled RCCA Bank

Withdrawal At Full Power

Case A Initiation of uncontrolled RCCA

(high insertion rate max bank withdrawal at a high
feedback) reactivity insertion rate (80

pcm/sec)

Power range high neutron flux
high trip signal initiated

Rods begin to fall into core 5.3

Minimum DNBR occurs 5.7

Case B

(small insertion rate,
max feedback

Initiation of uncontrolled RCCA

bank withdrawal at a small
reactivity insertion rate (4

pcm/sec)

Overtemperature ~T reactor trip
signal initiated

Rods begin to fall into core

Minimum DNBR occurs

322.7

324 .7

325.2
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14.1.6 LOSS OF REACTOR COOLANT FLOW INCLUDING LOCKED ROTOR ANALYSIS

A loss of reactor coolant flow may result from a simultaneous loss of
electrical supplies to all reactor coolant pumps. If the reactor is at power
at the time of the accident, the immediate effect of loss of coolant flow is
a rapid increase in the coolant temperature which is magnified by the
positive MTC. This increase could result in DNB with subsequent fuel damage

if the r'eactor were not tripped promptly. The following trip circuits
provide the necessary protection against a loss of coolant flow incident:

1. Undervoltage or underfrequency on pump power supply buses

2. Pump circuit breaker opening

3. Low reactor coolant flow

These trip circuits and their redundancy are further described in Chapter 7

(Protective Systems).

Simultaneous loss of electrical power to all reactor coolant pumps at full
power is the most severe credible loss of flow condition. For this
condition, reactor trip together with flow sustained by the inertia of the
coolant and rotating pump parts will be sufficient to prevent RCS

overpressurization and the DNB ratio from exceeding the limit values.

Method of Anal sis

The following loss of flow cases are analyzed:

l. Loss of four pumps from nominal full power conditions with four loops
operating.

2. Loss of one pump from nominal full power conditions with four loops
operating.

UNIT 1 14.1.6-1 July 1990



The normal power supplies for the pumps are four buses connected to the

generator. Each bus supplies power to one pump. When a generator trip
occurs, the pumps are automatically transferred to a bus supplied from

external power lines, and.the pumps will continue to supply coolant flow to
the core. The simultaneous loss of power to all reactor coolant pumps is a

highly unlikely event. Since each pump is on a separate'bus, a single bus

fault would not result in the loss of more than one, pump.

A full plant simulation is used in the analysis to compute the core average

and hot spot heat flux transient responses, including flow coastdown,

temperature, reactivity and control rod insertion effects.

These data are then used in a detailed thermal'-hydraulic computation to
compute the margin to DNB using RTDP. This computation solves the

continuity, momentum and energy equations of fluid flow together with the
WRB-1 DNB correlation.

Uncertainties in initial conditions are included in the limit DNBR as

~ described in Reference 1.'he initial conditions used are listed in Table

14.1"3.

This transient i'nalyzed by three digital computer codes. First the

LOFTRAN code, described in Section 14.1, is used to calculate the loop and

core flow during the transient, the time of reactor trip based on the

calculated flows, the nuclear power transient, and the primary system

pressure and temperature transients. The FACTRAN code, described in Section

14.1, is then used to calculate the heat flux transient based on the nuclear

power and flow from LOFTRAN.

Finally, the THINC-IV code, also described in Section 14.1, is used to
calculate the DNBR during the transient based on the heat flux from FACTRAN

and flow from LOFTRAN. The DNBR transients presented represent the minimum

of the typical or thimble cell for each type of fuel.
'I
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Figures 14.1.6-1 through 14.1.6-3 show the transient response for the loss of
power to all RCPs w'ith four loops in operation. The reactor is assumed to be

tripped on undervoltage signal. Figure 14.1.6-3 shows the DNBR to be always
greater than the limit value for the most limiting fuel assembly cell.

Figures 14.1.6-4 through 14.1.6-6 show the transient response for the loss of
one RCP with four loop operation. The reactor is assumed to be tripped on
low flow signal. Figure 14.1.6-6 shows the DNBR to be always greater than
the limit value for the most limiting fuel assembly cell. The sequence of
events following each of these transients is included in Table 14.1.6-1.

Since DNB does not occur, the ability of the primary coolant to remove heat
from the fuel rod is not significantly reduced. Thus, the average fuel an'd

I

clad temperature do not increase significantly above their respective initial
values.

Conclusions

The analysis shows that the DNBR will not decrease below the limit value at
any time during the transient. Thus, no fuel or clad damage is predicted,
and all applicable acceptance criteria are met.

Locke R r A id n

A transient analysis has been performed for the instantaneous seizure of a

reactor coolant pump rotor. Flow through the affected reactor coolant loop
is rapidly reduced, leading to a reactor trip on a low flow signal.
Following the trip, heat stored in the fuel rods continues to pass into the
core coolant, causing the coolant to expand. At the same time, heat transfer
to the shell side of the steam generator is reduced, first because the
reduced flow results in a decreased tube side film coefficient and then
because the reactor coolant in the tubes cools down while the shell side
temperature increases (turbine steam flow is reduced to zero upon plant
trip) . The rapid
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expansion of the coolant in the reactor core, combined with the reduced heat
transfer in the steam generator causes an insurge into the pressurizer and a

pressure increase throughout the reactor coolant system. The insurge into
the pressurizer causes a pressure increase which in turn actuates the
automatic spray system, opens the power-operated relief valves, and opens the
pressurizer safety valves, in a sequence dependent on the rate of insurge
and pressure increase. The power-operated relief valves are desi'gned for
reliable operation and would be expected to function properly during the
accident. However, for conservatism, their pressure-reducing effect as well
as the pressure-reducing effect of the spray are not included in this
analysis.

The locked rotor accident analysis was performed for four loop operation.
The locked rotor event is examined to determine the DNB transient and to
demonstrate that the peak RCS pressure and peak clad temperature remain below
the limit value. I

M h d' Anal i

Two digital-computer codes are used to analyze this transient.'he LOFTRAN

code is used to calculate the resulting loop and core flow transients
following the pump seizure, the time of reactor trip based on the loop flow
transients, the nuclear power following reactor trip, and to determine the
peak pressure. The thermal behavior of the fuel located at the core hot spot
is investigated using the FACTRAN code, using the core flow and the nuclear
power, calculated by LOFTRAN. The FACTRAN code includes the use of a film
boiling heat transfer coefficient.

Eval a i n f h Pr sur Tr n ient

After pump seizure, the neutron flux is rapidly reduced by control rod
insertion. Rod motion begins 1 second after the flow in the affected loop
reaches 87 percent of nominal flow. No credit is taken for the pressure
reducing efrect of the pressurizer relief valves, pressurizer spray, steam
dump or controlled feedwater flow after plant trip.
UNIT 1 14. 1.5-4
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Although these operations are expected to occur and would result in a lower
peak RCS pressure, an additional degree of conservatism is provided by
ignoring their effect. Table 14.1-3 presents the initial conditions assumed

for the peak pressure transient.

The analysis assumed that the pressurizer safety valves initially open at
2575 psia and achieve rated flow at 2580 psia.

Ev lua ion of DNB in the Core Durin th Acciden

For this accident, two DNB-related evaluations a e made. The first
evaluation has the assumption of rods going into DNB as a conservative
initial condition in order to determine the clad temperature and zirconium
water reaction. Results obtained from analysis of this "hot spot" condition
represent the upper limit with respect to clad temperature and zirconium
water reaction. In the evaluation, the rod power at the hot spot is assumed

to be 2.5 times the average rod power (i.e., F 2.5) at the initial core
Q

power level. Table 14.1-3 presents the initial conditions assumed for the
peak clad temperature evaluation.

A second evaluation made for this transient is to determine what percentage,
if any, of rods are expected to be in DNB during the transient. For
evaluation of this part of the transient, predicted core conditions are used
as input to a THINC4 calculation of the minimum DNBR during the transient.
Results of the THINC4 evaluation are then used to determine the percentage of
fuel rods which experience DNB. Table 14.1-3 presents the initial conditions
assumed for the percentage of rods in DNB analysis.

Film Boilin Coeffi ien

The film boiling coefficient is calculated in the FACTRAN code using the
Bishop-Sandberg-Tong film boiling correlation. The fluid properties are
evaluated at film temperatures (average between wall and bulk temperatures)
The program calculates the film coefficient at every time step based upon the
actual heat transfer conditions at the time. The neutron flux, system
pressure, bulk density, and mass flow rate as a function of time are used as

program input.
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For this analysis, the initial values of the pressure and the bulk density are

used throughout the transient since they are the most conservative with

respect to clad temperature response. For conservatism, DNB was assumed to

start at the beginning of the accident.

Fuel Clad Ga Coefficient

The magnitude and time dependence of the heat transfer coefficient between

fuel and clad (gap coefficient) has a pronounced influence on the thermal

results. The larger the value of the gap coefficient, the more heat is
I

transferred between pellet and clad. Based on investigations of the effect of

the gap coefficient upon the maximum clad temperature during the transient,
the gap coefficient was assumed to increase from a steady state value

2 0
consistent with initial fuel temperature to 10,000 BTU/hr-ft - F at the

5initiation of the transient. Thus the large amount of energy stored in the

fuel because of the small initial value is released to the clad at the

initiation of the transient.

Zirconium-Steam Reaction

The zirconium-steam reaction can become significant above 1800 F (clad

temperature). In order to take this phenomenon into account, the following
correlation, which defines the rate of the zirconium-steam reaction, was

introduced into the model:.(2)

~0e 33.3 x 10 exp -45 5002 6

dt 1.986T

where: 2w" amount reacted, mg/cm

.t time, sec
0

T temperature, K

The reaction heat is 1510 cal/gm
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The transient results for the locked rotor accident are shown in
Figures 14.1.6-7 through 14.1.6-9. The peak RCS pressure (2641 psia) reached

(

during the transient is less than that which would cause stresses to exceed
the faulted condition stress limits. The pressure response shown in Figure
14.1.6-8 is the response at the point in the reactor coolant system having
the maximum pressure. Also, the peak clad surface temperature (1934 F) is

0considerably less than 2700 F. The sequence of events is included in Table
14.1.6-1.

For the most limiting fuel assembly, less than 7% of the rods reach a DNBR

value less than the limit value.

Conclusion

A. Since the peak RCS pressure reached during any of the transients is less
than that. which would cause stresses to exceed the faulted conditions
stress limits, the integrity of the primary coolant system is not
endangered.

B. Since the peak clad surface temperature calculated for the hot spot during
the worst transient remains considerably less than 2700 F (the temperature0

at which clad embrittlement may be expected), the core will remain in
place and intact with no loss of core cooling capability.
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Table 14.1.6-1

Sequence of Events for Loss of
Flow and Locked Rotor Accidents

~Ac~ie~n ~Ev nt Tim sec

Complete Loss of Flow All pumps lose power and begin
coasting down, undervoltage trip
signal generated

Rods begin to drop

Minimum DNBR occurs

0.0

1.50

3.40

Partial Loss of Flow One operating pump loses power and 0.0
begins coasting down

Low reactor coolant flow trip
setpoint reached in faulted loop

Rods begin to drop

Minimum DNBR occurs

1.74

2.7'4

3.90

Locked Rotor One pump rotor seizes

Low reactor coolant flow trip
setpoint reached in faulted loop

Rods begin to drop

0.0

0.04

1.04

Maximum percentage of rods in DNB 2.6
predicted
Maximum RCS pressure occurs

Maximum clad temperature occurs

3.20

3.49
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average thermal heat flux reaches 107% of the nominal value at 10.6 seconds.
The core average temperature, core inlet temperature, reactor coolant system

pressure and DNBR during the transient are shown. The minimum DNBR during the
transient is 1.78 and occurs at 10.5 seconds.

Reduced Tem era ur and Pressure Considerati n

This accident was not reanalyzed for reduced temperature and pressure since,
the event cannot occur above the P-7 setpoint (10% power) as restricted by
the Technical Specifications. The above analysis remains bounding with
respect to the restriction to 10< power for the operation of 3 reactor
coolant pumps imposed by the Technical Specification. The parameters assumed

in the analysis bound the parameters associated with a 10% power condition.
Thus, the conclusions presented above remain valid.

Amendment 120 to the Unit 1 Technical Specifications removed Mode 1 and Mode

2 three loop (i.e., N-1 Loop) operating specifications. Since, N-1 loop
operation in Modes 1 and/or 2 is prohibitied for Donald C. Cook Unit 1, the
SUIL event does not need to be considered for the Unit 1 30% SGTP program.
Therefore, no reanalysis was performed for the 30% SGTP

program.'onclusion

The transient results for the startup of an inactive reactor coolant loop
show that there is a considerable margin to a limiting DNBR of 1.3.

Note that this event has not been reanalyzed as a result of the SGTP program.
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14.1.8 LOSS OF EXTERNAL ELE TRI AL LOAD

The loss of external electrical load may result from an abnormal variation in
network frequency, or other adverse network operating conditions. It may

also result from a trip of the turbine generator or in an unlikely opening of
the main breaker from the generator which fails to cause a turbine trip but
causes a rapid large nuclear steam supply system load reduction by the action
of the turbine control.

In the event the steam dump valves fail to open following a large load loss
the steam generator safety valves may lift and t"..a reactor may be tripped. by
the high pressurizer pressure signal or the high pressurizer water level
signal. The steam generator shell side pressure and reactor coolant
temperature will increase rapidly. The pressurizer safety valves and steam
generator safety valves are, however, sized to protect the reactor coolant
system and steam generator against overpressure for all load losses without
assuming availability of the steam dump system. The steam dump. valves will
not be opened for load reductions of 10'. or less. For larger load reductions
they may open depending on the capability of the reactor control system.

The most likely source of a complete loss of load in the nuclear steam supply
system is a trip of the turbine-generator. In this case, there is a direct
reactor trip signal (unless power is below approximately 10% power, i.e.,
below P-7) derived from the turbine emergency trip fluid pressure. Reactor
coolant temperatures and pressure do not significantly increase if the steam
dump system and pressurizer pressure control system are functioning properly.
However, in this analysis, the behavior of the unit is evaluated for a

complete loss of load from 100% of full power without a direct reactor trip
primarily to show adequacy of the pressure relieving devices and also to show

that no core damage occurs. The reactor coolant system and main steam system
pressure relieving capacities are designed to ensure safety of the unit
without requiring the automatic rod control, pressurizer pressure control
and/or steam dump control systems.
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Method of Anal sis

The loss of load transients„are analyzed by employing the detailed digital
computer program LOFTRAN, as described in Section 14. 1. The program
simulates the neutron kinetics, RCS, pressurizer, pressurizer relief and„
safety valves, pressurizer spray, steam generator, and steam generator safety
valves. The program computes pertinent plant variables including
temperatures, pressures, and power level.

'I

This accident is analyzed with the Revised Thermal Design Procedure, as
mentioned in Section 14.1. Plant characteristics and initial conditions are
listed in Table 14.1-3.

Major assumptions are summarized below:

A. Initial Operating Conditions - nominal initial conditions for reactor
power, pressure, and RCS 'temperatures are assumed for statistical DNB

analyses.

Moderator and Doppler Coefficients of Reactivity - the loss of load is
analyzed with both maximum and minimum reactivity feedback. The maximum

feedback cases assume a large negative moderator temperature coefficient
and the most negative Doppler power coefficient. The minimum feedback

0cases assume a +5 pcm/ F MTC and the least negative Doppler
coefficients.

C,. Reactor Control - from the standpoint of the maximum pressures attained
it is conservative to assume that the reactor is in manual control. If
the reactor were'n automatic control, the control rod banks would move

prior,to trip and reduce the severity of the transient.
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D. Pressurizer Spray and Power-Operated Relief Valves - two cases for both
the minimum and maximum moderator feedback cases are analyzed:

1. Full credit is taken for the effect of pressurizer spray and

power-operated relief valves in reducing or limiting the coolant
pressure. Safety valves are also available.

2. No credit is taken for the effect of pressurizer spray and

power-operated relief valves in reducing or limiting the coolant
pressure., Safety valves are operable.

Steam Release - no credit is taken for the operation of the steam dump

system or steam generator power-operated relief valves. The steam

generator pressure rises to the safety valve setpoints where steam

release through the safety valves limits secondary steam pressure. "

(

F. Feedwater Flow - main feedwater flow to the steam generators is assumed

to be lost at the time of turbine trip. No credit is taken for
auxiliary feedwater flow since a stabilized plant condition will be

reached before auxiliary feedwater initiation is normally assumed to
occur; however, the auxiliary feedwater pumps would be expected to start
on a trip of the main feedwater pumps. The auxiliary feedwater flow
would remove core decay heat following plant stabilization.

G. Reactor trip is actuated by the first reactor protection system trio
setpoint reached. Trip signals are expected due to high pressurizer
pressure, overtemperature hT, high pressurizer water level, and low-low
steam generator water level.

Results

The transient- responses for a loss of load from 100~ full power operation are
shown for four cases: two cases for minimum reactivity feedback and two

cases for maximum reactivity feedback (Figures 14.1.8-1 through 14.1.8-12) .
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Figures 14.1.8-1 through 14.1.8-3 show the transient responses for the loss
of load with minimum reactivity feedback assuming full credit for the
pressurizer spray and pressurizer power-operated relief valves. No credit is
taken for the steam dump. The reactor is tripped by the overtemperature ~T

atrip signal.

The minimum DNBR" remains well above the limit value. ~ The pressurizer relief
. and safety valves prevent overpressurization of the primary system. The

steam generator safety valves prevent overpressurization of the secondary
system, maintaining pressure below 110 percent of design value.

Figures 14.1.8-4 through 14.1.8-6 show the responses for the total loss of
steam load with maximum reactivity feedback. All other plant parameters are
the same as the above. The DNBR increases throughout the transient and never
drops below its initial value. Pressurizer relief valves and steam generator

4safety valves prevent overpressurization in primary and secondary systems,
respectively. The reactor is tripped by the low-low steam generator water
level signal. The pressurizer safety valves are not actuated for this case.

In the event that feedwater flow is not terminated at the, time of turbine
trip for this case, flow would continue under automatic control with the

'eactorat a reduced power. The operator would take action to terminate the
F

transient and bring the plant to a stabilized condition. If no action were
taken by the operator the reduced power operation would continue until the
condenser hotwell was emptied. A .low-low steam generator water level reactor
trip, would be generated along with auxiliary feedwater initiation signals.
Auxiliary feedwater would then be used to remove. decay heat with the results
less severe than those presented in Section 14.1.9, Loss of Normal Feedwater
Flow.

The loss of load accident was also studied assuming the plant to be initially
operating at full power with no credit taken for the pressurizer spray,
pressurizer power-operated relief values, or steam dump. The reactor is
tripped on the high pressurizer pressure signal. Figures 14.1.8-7 through
14. 1.8-9 show the transient responses with minimum reactivity feedback. The
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neutron flux remains essentially constant at full power until the reactor is
tripped. The DNBR never goes below its initial value throughout the

transient. In this case the pressurizer. safety valves are actuated, and

maintain system pressure below 110 percent of the design value.

Figures 14.1.8-10 through 14.1.8-12 show the transient responses with maximum
)

reactivity feedback with the other assumptions being the same as in the

preceding case. Again, the DNBR increases throughout the transient and the

pressurizer safety valves are actuated to limit primary pressure.

The sequence of events following each of these transients is included in
Table 14.1.8-1.

C ncl si ns

Results of the analyses show that the plant design is such that a loss of
load without a direct or immediate reactor trip presents no hazard to the

integrity of the RCS or the main steam system. Pressure relieving devices

incorporated in the two systems are adequate to limit the maximum pressures

to within the design limits.

The integrity of the core is maintained by operation of the reactor
protection system, i.e., the DNBR will be maintained above the limit value.
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Table 14.1.8-1
Sequence of Events for Loss

External Electrical Load

Case

Minimum
Feedback
with
Pressure
Control

~Even

Loss of external electrical load

OT~T trip setpoint reached

Peak RCS pressure occurs

Tim sec

0.0

14.2

15.5

Rods begin to drop 16.2

Minimum DNBR occurs 18.0

Maximum
Feedback
with
Pressure
Control

Loss of external electricl load

Minimum DNBR occurs

Peak RCS pressure occurs

0.0

0.0

Low-low steam generator level trip setpoint
reached

68.1

Rods begin to drop 70. 1

Minimum
Feedback
without
Pressure
Control

Loss of external electrical load

Minimum DNBR occurs

0.0

'0.0

High pressurizer pressure trip setpoint reached 8.4

Rods begin to drop

Peak RCS piessure occurs

10.4

12. 0

Maximum
Feedback
without
Pressure
Control

Loss of external electrical load

Minimum DNBR occurs

High pressurizaer pressure trip setpoint
reached

0.0

0.0

8.9

Rods begin to 'drop

Peak RCS pressure occurs

10.9

12.5
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~ ~14.1,9 LOSS OF NORMAL FEEDVATER FLOP

A loss of normal feedwater (from pump failures, valve malfunctions, or loss of
offsite AC power) results in a reduction in capability of the secondary system

to remove the heat generated in the reactor core. If an alternative supply'f
feedwater were not supplied to the plant, core residual heat following reactor

trip would heat the primary system water to the point where water relief from

the pressurizer would occur, resulting in a substantial loss of water from the

RCS. Since the plant is tripped well before the steam generator heat transfer
capability is reduced, the primary system varia~les never approach a DNB

condition.

I

The reactor trip on low-low water Level in any steam generator provides the

necessary protection against a loss of normal feedwater.

The auxiliary feedwater system is started automatically. The turbine driven
auxiliary feedwater pump utilizes steam from the'econdary system and exhausts

to the atmosphere. The motor driven auxiliary feedwater pumps are supplied by

power from the diesel generators if a loss of offsite power occurs. The pumps

take suction directly from the condensate storage tank for delivery to the

steam generators.

An analysis of the system transient is presented below to show that following
a loss of normal feedwater when in reduced temperature and pressure
operation, the auxiliary feedwater system is capable of removing the stored
and residual heat, thus preventing either overpressurization of the RCS or
uncovering the core, and returning the plant to a safe condition.

Method of Anal sis

A detailed analysis using the LOFTRAN code (described in Section 14.1) is
performed in order to obtain the plant transient following loss of normal

feedwater. The simulation describes the plant thermal kinetics, RCS
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including the natural circulation, pressurizer, steam generators and
feedwater system. LOFTRAN computes pertinent variables including the steam
generator level, pressurizer water level, and reactor coolant average
temperature.

Assumptions made in the analysis are:

A. The plant is initially operating at 102 percent of the Cook Nuclear
Plant Unit 1 core power level of 3411 MWt, plus 20 MWt for reactor
coolant pump heat.

B. A conservative core residual heat generation based upon long term
operation at the initial power level preceding the trip. The ANS 1979
decay heat model plus two sigma uncertainty was assumed.

C. Reactor trip occurs on steam generator low-low level.

D. The worst single failure in the auxiliary feedwater system occurs (e.g.,failure of turbine drive auxiliary feedwater pump) .

The event is modeled with auxiliary feedwater being delivered to four
steam generators at a rate of 450 gpm. Automatic initiation of the
auxiliary feedwater is assumed 60 seconds after a low-low steam
generator signal is actuated.

F. Secondary system steam relief is achieved through the steam generator
safety valves.

The initial reactor coolant average temperature is 4.5 F higher than the0

no load temperature, and initial pressurizer pressure is 35 psi higher
than the nominal pressure of 2250 psia.

H. The initial. pressurizer water level is assumed to be at the maximum
nominal setpoint (62% NRS) plus uncertainties (5%. NRS) .

* NOTE: Additional evaluations have demonstrated that this analysis bounds
the case with a nominal core power level of 3250 MWt and assuming
30% tube plugging.
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The refueling operation experience that has been obtained with gestinghouse

reactors has verified the fact that no fuel cladding integrity failures are

expected to occur during fuel handling operations. However, the above analysis
indicates that if the unlikely event of a fuel accident could occur, it would

result from the dropping of a fuel assembly either in the containment or
auxiliary buildings.

14.2.1.1 Auxiliary Building Accident

In the auxiliary building a fuel assembly could'be dropped in the transfer canal
or the spent fuel pool. However, supply air for the spent fuel pool area enters
from both ends of the auxiliary building, is swept across the fuel pool and

transfer canal, exhausted at the side of the fuel pool near the pool elevation,
and then discharged through the Unit No. 1 vent.

I

Doors in the auxiliary building are administratively controlled to maintain
controlled leakage characteristics in the spent fuel pool region during

i i
refueling operations involving irradiated fuel. Should z fuel assembly be

dropped in the canal or in the pool and release radioactivity above a prescribed
level the spent fuel pool radiation monitor sounds an alarm and automatically
channels the spent fuel pool ventilation exhaust through charcoal filters to
remove most of the halogens prior to discharging it to the Unit No. 1 vent. In
the event the temporary portable radiation monitor on the bridge crane alarms,

action shall be taken to manually align the spent fuel pool exhaust ventilation
through the charcoal filters.

If the discharge vent radiation monitor indicates that the radioactivity in the

vent discharge is greater than the prescribed levels, an alarm sounds and the

supply and exhaus<ventilation systems servicing the spent fuel pool can be shut

down, limiting the leakage to the atmosphere.
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Any movement of the fuel cask in the spent fuel pool area is under
administrative control. Interlocks prevent the crane from moving the cask over
stored irradiated fuel and limit cask movement to one corner of the spent fuel
pool away from the fuel assemblies. A cage or metal cylinder arrangement
surrounds the cask during its movement in the pool to prevent it from toppling
into any fuel assemblies. Interlocks prevent movement of the crane hook over
any other portion of the spent" fuel pool* at any other time except when it is
absolutely necessary to service the pool and its equipment and instrumentation,
and to add or remove any equipment associated with spent fuel handling, storage,
or inspection. The crane hook is limited to the Technical Specification 3.9.7
value with the entire operation under strict administrative control.

The'etaileddesign and safety analysis of D.C. Cook Cask Drop Protection System,
which has not yet been installed, is described in References (1), (2) and (3)

The probability of a fuel handling accident is very low because of the safety
features, administrative controls, and design characteristics of the facility as

previously mentioned. The shock absorbing analyses presented above indicate
that. in most incidents where an assembly is struck against another object', the
outer row of fuel rods would experience greater loads and stresses than the
inner rows. Therefore, if a fuel assembly is dropped it does not necessarily
mean that all the fuel rods break. Nevertheless, for a fuel handling accident
analysis, the assumption is made that the cladding of all the fuel rods in one

fuel assembly break suddenly, releasing all the gaseous fission products in the
voids between the pellets.

The main hoist load block of either auxiliary building crane and the
auxiliary hoist load block of the east crane may be moved over the spent
fuel pool if no load is being carried.
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DF~ effective Iodine decontamination factor for filters (= 10)

DF~ = effective Iodine decontamination factor for pool water ( 100)

The gap inventories listed in Table 14.2.1-1 are the product of I, (core
inventory) and Fs (the fraction existing in the gap) .

The function used to calculate the external whole body dose from beta (D>) or
gamma (D,) radiation in the cloud uses many of the terms defined above and is
given by:

D>=Z 0.23 (x/D) F P Gz E>
J. i pg

and

D =E 0. 25 (x/Q) F P Gi E„

where G~ is the gap inventory of the gaseous radionuclides of Xe and Kr and the
functions above are summed over all the noble gases. E~ and E, are the average
energies of decay (beta and gamma radiation respectively) for the various
radionuclides. These functions assume the noble gas decontamination factors in
water and the charcoal filters are 1.0. The gap inventories of radioiodine make

a negligible contribution to the whole body doses, Dp or D„ because of the
large decontamination factors appropriate to the iodines.

RESULTS

A summary of the assumptions used to evaluate the fuel handling accident is
given in Table 14.2.1-2. The minimum time after shutdown when fuel assemblies
would be moved was conservatively assumed to be 100 hours. At 100 hours after
shutdown, the two-hour dose at the site boundary, for a fuel handling accident
releasing all of the gaseous fission product radioactivity in the gaps of all
rods in the highest power assembly, are as follows:
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Two-Hour ite Bound Dos

NUREG/CR-5009 Reg. Guide
M hod ~l. 2

Inhalation thyroid
dose'hole

body beta dose, D, =

Whole body gamma dose, D,-

7.07 Rads

0.36 Rads

0.31 Rads

5.97 Rads

0.70 Rads

0.58 Rads

These doses are well within the limits of 10 CFR Part 100 in conformance with
the acceptance criteria of SRP 15.7.4. (Rev. 1, July 1981)

14.2.1.2 FUEL HANDLING ACCIDENT INSIDE CONTAINMENT

During fuel handling operations, the containment is kept in an isolated
condition with all penetrations to the outside atmosphere either closed or
capable of being closed on an alarm signal from a radiation monitor indiqating
that radioactivity is above prescribed limits. During core alterations, one

containment airlock door shall be closed or, appropriate administrative controls
shall be in place to allow both airlock doors to remain open.

Should a fuel assembly be dropped and release activity above a prescribed level,
the upper and/or lower containment area radiation monitors sound an alarm, the

containment is isolated, and personnel evacuated.

Potential consequences of a fuel handling accident were evaluated using (1) the

conservative assumptions listed in Regulatory Guide 1.25 and (2) the realistic
assumptions given in Regulatory Guide 4.2 Appendix I. The analysis was done for
a core power level of 3391 MWt, which was representative of the original Unit 2

licensed power level. Unit 2 is currently licensed for a core power level of
3411 MWt. See Unit 2 UFSAR Section 14.3.5 for a reevaluation at a bounding core

2

power level of 3588 MWt.
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TABLE 14 . 2 . 1-1
FUEL HANDLING ACCIDENT„ AUXILIARYBUILDING

INVENTORIES AND CONSTANTS OF SIGNIFICANT FISSION PRODUCT RADIONUCLIDES

NUCLIDE
SHUTDOWN

CORE

INVENTORY
CURIES

DECAY
CONST.

1/HRS
100 hrs 100 hrs

TOTAL GAP INVENTORY, CURIES

NUREG/CR-5009 Reg. Guide 1.25 DOSE
CONVERSION

Ri
EI (MEV) E, (MEV)

I-131 9.0 E+7 3.591E-3 7.5 E+6 6.3 E+6 1.48 E+6 0.186 0.389
I-132 1.3 E+8 3.013E-1 Negligible " Negligible 5.35 E+4

I-133 1.8 E+8 3.332E-2 6.3 E+5 * 6.3 E+5 4.0 E+5 0.419 0.597
I-134

I-135

1.9 E+8

1.7 E+8 1.048E-1 Negligible *

7.905E-1 Negligible + Negligible

Negligible

2.5 E+4

1.24 E+5 0.394 1.456

Kr-85M

Kr-85

Kr-87

Kr-88

1.9 E+7

1.4 E+6

3.6 E+7

5.0 E+7

1.547E-1

7.376E-6

5.451E-1

2.442E-1

Negligible "

2.0 E+5

Negligible

Negligible

Negligible

4.2 E+5

Negligible

Negligible

0.251 0.002

Xe-131M

Xe-133M

Xe-133

Xe-135

1.0 E+6

5.6 E+6

1.8 E+8

3.9 E+7

2.427E-3

1.319E-2

5.506E-3

7.626E-2

7.9 E+4 *

1.5 E+5 *

5.1 E+6

Negligible

7.9 E+4

1:5 Ejs

1.0 E+7

Negligible

0.102

0.309

0. 163

0.233

0.081

0.262
* No release fraction given - assumed same as Reg. Guide 1.25
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TABLE 14.2.1-2

DATA AND ASSUMPTIONS FOR THE EVALUATION
OF THE FUEL HANDLING ACCIDENT

IN THE AUXILIARYBUILDING

pure T rm Assum ions

Core power level, MWT

Fuel burnup, MWD/MTU

Analytical method

VALUES

3411

60,000

ORIGEN

2. R 1 As um ions

Number of failed fuel
rods

Fraction of core
inventory released to
gap (NUREG/CR-5009 0
release of Iodine-131 is
reported to be 20%

higher)

Assumed power peaking
factor
Inventory in gap
available for release

Pool decontamination
factors

all rods in 1 of 193
assemblies

Re uide 1.2

% of the Iodine - 10
4 of the Xenon - 10

of Kr-85 - 30

1.65

Table 14.2.1-1

For Iodines
For noble gases

Filter decontamination
factors

100
1

For Iodine
For noble gases

Atmospheric Dispersion,
(x/Q)

'Breathing rate

10
1

3.15 x
10'ec/m'.47

x, 10 m'/sec
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14.2.2 A iden al Rel se of R di ac ive Li uids

The inadvertent release of radioactive li'quid to the environment is not
considered a credible accident. Any radioactive liquids must ultimately be

diverted to the monitor tanks, and any tritium from the CVCS to the monitor
tanks also, prior to discharge. (Liquids from these tanks are sampled and
monitored for acceptable radioactive levels before being released to the
lake.) Erroneous sampling and malfunction of the radiation monitor would
have to occur sequentially to discharge radioactive liquid inadvertently, and
this series of events is not considered credible.

Waste Eva orator C ndensa and M nitor Tank

Any spillage of radioactive fluid due to equipment leaks or ruptures would
drain directly to either the sump tank or waste holdup tanks, or would
accumulate in the area sumps prior to being pumped to the waste holdup tanks.
Radioactive liquids to be processed by the waste disposal system are
ultimately stored in the waste holdup tanks.

Periodically the contents of the waste holdup tanks and the laundry tanks are
analyzed and if the radioactive level is within discharge limits-, the liquid
is transferred to the waste evaporator condensate tanks and then to the
monitor tanks for release.

Effluents from the waste disposal system and monitor tanks 3 and 4 are
released, not recycled. Distillate from the CVCS boric acid evaporator is
discharged to monitor tanks. The contents of monitor tanks 1 and 2 are
analyzed before being pumped to the primary water storage tanks.
Occasionally it may be necessary to dispose of some of the boric acid
distillate for tritium control. (If analysis of the contents of the monitor
tank is within prescribed limits for discharge to the environment, the liquid
is pumped directly to the waste liquid discharge line after the normally
locked-closed valve in this, line is opened.) The, radiation monitor
downstream prevents discharge of fluids above prescribed levels as explained
in the preceding paragraph.
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A representative sample is obtained from the monitor tank to determine

appropriate release setpoints. Administrative clearance must be granted to
open a locked-closed valve. In the highly unlikely event that the locked-

closed valve is opened and the tank contents are inadvertenly pumped to the
discharge tunnel for release to the lake without being previously analyzed

for activity, the radiation monitors setpoint is set such that the release
will not exceed release limits. If it did, the radiation monitor would trip
the second valve downstream of the monitor and terminate the release.
Therefore, a pumping accident having radiological consequences is not
considered credible.
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Condensate S or e Tank Prima Wa er Stora e Tank and Refuelin
Water Stora e Tank

The condensate storage tank and the primary water storage tank are

essentially free from radionuclides. The refueling water storage tank
contains a relatively low level of radioactivity. These tanks are not
connected to the radwaste system. ln the unlikely event of loss of water
from any of these tanks the water will percolate down the underground water
table, which is estimated to be at elevation 590', that is, about 20 feet
below ground level. The hydraulic gradient of the ground is very low; less
than 4c. Our studies show a minimum of 50 yea s would be required for the
water to reach the nearest ground water well. The spilled water would

preferentially follow the very small natural ground gradient toward the lake
and would be eventually diluted in the lake water, By the time any

radioactive materials reach the nearest drinking water intake from the lake,

Bridgman is 2.5 miles away from the plant discharge, resultant dilution,
dispersion, and radioact'ive decay will have 'educed the radiological
consequences to insignificance.*

The information presented here refers to the original Unit 1 studies.
Later results of studies on this subject are included in Section 14.2 of
the Unit 2 Updated FSAR.
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Auxilia Buildin Li uid Waste Stora e Tanks

The inadvertent release of radioactive liquid waste to the environment is not

considered a credible accident. Any spillage of radioactive fluid due to
equipment leaks or ruptures would drain direct'ly to either sumps or waste

holdup tanks. Radioactive liquid wastes are diverted to tanks to be

processed for release. Tanks are sampled and analyzed to determine that the

concentration of radioactive nuclides can be released within discharge
limits. The release must pass through a normally locked closed valve, a

radiation monitor and another valve in series prior to reaching the discharge

tunnels for release to the lake. Administrative clearance must be granted to

open the locked closed valve. In the highly unlikely event that the locked-

closed valve is opened and the 'tank contents are inadvertently pumped to the

discharge tunnel for release to the lake without being previously analyzed

for activity, the radiation monitors setpoint is set such that the release
will not exceed release limits. If it did, the radiation monitor would trip

I

the second valve downstream of the monitor and terminate the release.
Therefore, a pumping accident involving radioactive waste releases having

radiological consequences is not considered credible.
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The pipes running from the refueling water storage tank, the primary water
storage tank, and the condensate storage tank to the auxiliary building are
installed in a pipe tunnel. En case of a break in any of these pipes, the
water will enter the auxiliary building sump, from where it will be processed
as described in the Auxiliary Building liquid waste tanks. No pipes from
these tanks are directed toward the containment building.

CVCS Holdu T nk

The analysis of a CVCS holdup tank rupture is presented in Section '4.2.2,
Unit 2.
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14.2.3 Accidental Was e Gas Release

Radioactive gases are introduced into the reactor coolant by the escape of
fission products if defects and contamination existed in the fuel cladding.
The processing of the reactor coolant by auxiliary systems results in the
accumulation of radioactive gases in various tanks. The two main sources of
any significant gaseous radioactivity that could occur would be the volume

control tank (VCT) and the gas decay tanks. These tanks, located in the
lower elevations of the auxiliary building which is a seismically designed
structure, are also designed to withstand'a seismic event (DBE) without
failure. For the purposes of an accidental waste gas release analysis, it is
assumed that a tank ruptures by an unspecified mechanism after the reactor
has been operating for one core cycle with 1% defects in the fuel cladding.

Volume Contr 1 Tank

Noble gases in the reactor coolant accumulate in the volume control tank
throughout a core cycle by the stripping action of the entering spray. Gases

retained in this tank are vented to the gas decay tanks when the reactor is
shutdown for refueling. A rupture of the volume control tank just prior to
venting would release all the accumulated gases in the liquid and gas phases,
plus that amount in the 75 gpm flow from the letdown line which is assumed to
continue flowing up to fifteen minutes until isolation is accomplished. The

equilibrium activities which are associated with a release of the gases at
this time are based on 1% defects in the fuel cladding, and are listed in
Table 14.2.3-1. The total represents 18,080 curies equivalent Xe-133.

Gas De Tank

The gas decay tanks accumulate radioactive gases from three major sources
processed by the waste disposal system: the gas stripper, the liquid holdup
tanks, and the volume control tank. Of these three, only the volume control
tank is capable of introducing large amounts of activity to the gas decay
tanks in a relatively short period of time. After
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shutting down the reactor for'efueling, the reactor coolant system is
purified and degassed. The gases accumulated in the volume control tank are

periodically vented to the waste gas compressor prior to being stored in the

gas decay tanks. For an accident analysis, it is assumed that the entire
equilibrium inventory of Kr-85 and Xe-133 in the reactor coolant system and

" the volume control tank vapor space is contained in a single gas decay tank

at the time of rupture. The other noble gas isotopes are not considered

because they are present in negligible amounts in the reactor coolant or

become negligible through decay during the processing period. This approach

is conservative since no credit is taken for the decay of Xe-133 while being

stripped from the reactor coolant and transferred to the gas decay tanks.

The maximum activities available for release are based on 1% fuel cladding
defects and are listed in Table 14.2.3-2. The total represents 83,300 curies

equivalent Xe-133.

Dose Evaluation

Off-site radiation exposure evaluated for noble gases released is based on

the meteorological model and radiation dose equation described in Section

14.3.5, including the effect of dilution in the wake of one containment
-4

building, a 2 m/sec wind velocity and a dispersion factor, p/ - 3.15 x 10

sec/m at the site boundary, 610 meters from the containment. Assuming the3

incident occurred immediately after a'efueling shutdown following operation
w'ith 1% fuel cladding defects, the maximum two-hour integrated whole body

dose at the site boundary during passage of escaped gases would be:

Volume Control Tank

Gas Decay Tank

0.27 rem

1 ~ 26 rem

It is, therefore, concluded from the above analysis that an unlikely event of
an accidental waste gas. release would present no hazard to the health and

safety of the public, since the maximum two-hour integrated whole body dose

at the site boundary is well below the 25 rem guideline for accidental
exposure as set forth in 10 CFR 100.
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14.2.4 S earn Generator Tube Ru ture

~Gen ral

The accident examined is the complete severance of a single steam generator
tube (SGTR). The accident is assumed to take place at a reactor power level
of 3262 MWt'ith the reactor coolant contaminated with fission products
corresponding to continuous operation with a limited amount of defective fuel
rods. The accident leads to an increase in contamination of the secondary
system due to leakage of radioactive coolant from the reactor coolant system.
In the event of a coincident loss of offsite power, or failure of the
condenser steam dump system, discharge of acti'vity to the atmosphere takes
place via the steam generator power operated relief valves (and safety valves
if their setpoint is reached).

I

The steam generator tube material is Inconel 600 and, as the material is
highly ductile, it is considered that the assumption of a complete severance
is somewhat conservative. The more probable mode of tube failure would be
one or more minor leaks of undetermined origin. Activity in the steam and

power conversion system is subject to continual surveillance and an

accumulation of minor leaks which exceed the Technical Specification limits
is not permitted during unit operation.

The operator is expected to determine that a steam generator tube rupture
(SGTR) has occurred, to identify and isolate the ruptured steam generator,
and to complete the required recovery actions to stabilize the plant and

terminate the primary to secondary break flow. These actions should be

performed on a restricted time scale in order to minimize the contamination
of the secondary system and ensure termination of radioactive release to the

-atmosphere from the ruptured steam generator. Consideration of the
indications provided at the control board, together with the magnitude of the
break flow, leads to the conclusion that the recovery procedure can be

carried out on a time scale that ensures that break flow to the ruptured
steam generator is terminated before the water level in the affected steam

Assumes 30: tube plugging.
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generator rises into the main steam pipe. Sufficient indications and

controls are provided to enable the operator to carry out these functions
satisfactorily.
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Descri ion of Ac ident

Assuming normal operation of the various plant control systems, the following
sequence of events is initiated by a tube rupture:

Pressurizer low pressure and low level alarms are actuated, and

prior to plant trip, charging pump flow increases in an attempt
to maintain pressurizer level. On the secondary side there is a

steam flow/feedwater flow mismatch before trip, as feedwater flow
to the affected steam generator is reduced due to the additional
break flow which is now being supplied to that steam generator.

2. Loss of reactor coolant inventory leads to falling pressure
and level in the pressurizer until a reactor trip 'signal is
gene'rated by low pressurizer pressure or overtemperature aT. A

safety injection signal, initiated by low pressurizer pressure
follows soon after the reactor trip. The safety injection signal
automatically term'inates normal feedwater supply and initiates
auxiliary feedwater addition.

3. The steam generator blowdown liquid monitor and the air ejector
radiation monitor will alarm, indicating a sharp increase in
radioactivity in the secondary system.

4. The reactor trip automatically trips the turbine, and if outside
power is available, the steam dump valves open, permitting steam

dump to the condenser. In the event of a coincident station
blackout, the steam dump valve's would automatically close to
protect the condenser. The steam generator pressure would rapidly
increase, resulting in steam discharge to the atmosphere through

the steam generator power operated relief valves (and the steam

generator safety valves if their setpoint is reached)
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Following plant trip, the continued action of auxiliary feedwater
supply and borated safety injection flow (supplied from the
refueling water storage tank (RWST)) provide a heat sink. Thus,

steam bypass to the condenser, or in the case of loss of outside
power, steam relief to atmosphere, is attenuated during the time in
which the recovery procedure leading to isolation is being carried
out ~

6. Safety injection flow results in restoration of pressurizer water
level.

Results

In estimating the mass transfer from the reactor coolant system through the
broken tube, the following assumptions were made:

a. Plant trip occurs automatically as a result of low'ressurizer
pressure.

b. Following the initiation of the safety injection signal, both
centrifugal charging pumps are actuated and continue to deliver
flow.

c. After reactor trip the break flow equilibrates to the point whe e

incoming safety injection flow is balanced by outgoing break
flow as shown in Figure 14.2.4-1. In the original accident
analysis, the resultant break flow is assumed to persist from plant
trip until 30 minutes after initiation. An assessment has been

,made of the impact on the original analysis of allowing the
operator longer than 30 minutes to terminate break flow to the
faulted steam generator. That assessment has shown that the break

flow termination could be increased up to two hours (provided the
steam generator does not overfill) without exceeding the offsite
dose radiological guidelines discussed in the "Conclusion" portion
of this section. (Reference 3}
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d. The steam generators are controlled at the safety valve setting
minus 3% tolerance rather than the power operated relief valve
setting.

e. The original analysis assumed that the operator identifies the
accident type and terminates break flow to the ruptured steam

generator within 30 minutes of accident initiation. An assessment
has been made of the impact on the original analysis of allowing
the operator longer than 30 minutes to terminate break flow to the
faulted steam generator. That assessment has shown that the break
flow termination could be increased up to two hours (provided the
steam generator does not overfill) without exceeding the offsite
dose radiological guidelines discussed in the "Conclusion" portion
of this section. (Reference 3)

The above assumptions lead to a conservative upper bound of 140,264 pounds
for the total amount of reactor coolant transferred to the ruptured steam
generator and 56,525 pounds for the total amount of steam released to the
atmosphere via the ruptured steam generator as a result of the steam
generator'tube rupture accident.

Re over Procedure

In the event of an SGTR, the plant operators must diagnose the SGTR and

perform the required recovery actions to stabilize the plant and terminate
the primary to secondary leakage. The operator actions for SGTR recovery are
provided in the Emergency Operating Procedures (EOPs). The EOPs are based on
guidance in the Westinghouse Owner's Group Emergency Response Guidelines

-(Reference 1) 'which addresses the recovery from a SGTR with and without
offsite power available. The major operator actions include identification
and isolation of the rupture steam generator, cooldown and depressurization
of the RCS to restore inventory, and termination of SI to stop primary to
secondary leakage. These operator actions are described below.
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1. Identify the ruptured steam generator.

High secondary side activity, as indicated by the secondary side
radiation monitors will typically provide the initial indication of, an

SGTR event. The ruptured steam generator can be identified by an

unexpected increase in steam generator level, a high radiation
indication on the main air ejector monitor, or from the steam generator
blowdown liquid monitor. For an SGTR that results in a reactor trip at
high power, the steam generator water level will decrease off-scale on

'he

narrow range for all of the steam generators. The auxiliary
feedwater flow will begin to refill the steam generators, distributing
approximately equal flow to each of the steam generators. Since primary
to secondary leakage adds additional liquid inventory to the ruptured
steam generator, the water level will return to the narrow range earlier
in that steam generator and will continue to increase more rapidly.
This response, as indicated by the steam generator water level
instrumentation, provides confirmation .of an SGTR event and also
identifies the ruptured steam generator.

t

Isolate the 'ruptured steam generator from the intact steam generators
and isolate feedwater to the ruptured steam generator.

Once a tube rupture has been identified, recovery actions begin by

isolating steam flow from and stopping feedwater flow to the ruptured
steam generator. In addition to minimizing radiological releases, this
also reduces the possibility of overfilling the ruptured steam generator
with water by 1) minimizing the accumulation of feedwater flow and 2)

enabling the operator to establish a pressure differential between the

ruptured and intact steam generators as a necessary step toward

terminating primary to secondary leakage.

3,. Cook down the RCS using the intact steam generators.

After isolation of the ruptured steam generator, the RCS is cooled as

rapidly as possible to less than the saturation temperature

corresponding to the ruptured steam generator pressure by dumping steam
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from only the intact steam generators. This ensures adequate subcooling
in the RCS after depressurization to the ruptured steam generator

t

pressure in subsequent actions. If offsite power is available, the

normal steam dump system to the condenser can be used to perform this
cooldown. However, if offsite power is lost, the RCS is cooled using
the power operated relief valves (PORVs) on the intact steam generators.

4. Depressurize the RCS to restore rea'ctor coolant inventory.

When the cooldown is completed, SI flow will increase RCS pressure until
break flow matches SI flow. Consequently, SI flow must be terminated to
stop primary to secondary leakage. However, adequate reactor coolant
inventory must first be assured. This includes both sufficient reactor
coolant subcooling and pressurizer inventory to maintain a reliable '

pressurizer level indication after SI flow is stopped.

The RCS depressurization is performed using normal pressurizer spray if
the reactor coolant pumps (RCPs)'re running. However, if offsite power

is lost or the RCPs are not running, normal pressurizer spray is not
available. In this event, RCS depressurization can be performed using a

pressurizer PORV or auxiliax'y pressurizer spray.

5. Terminate SI to stop primary to secondary leakage.

The previous actions will have established adequate RCS subcooling, a

secondary side heat sink, and sufficient reactor coolant inventox'y to
ensure that SI flow is no longer needed. When these actions have been

completed, SI flow must be stopped to terminate primary to secondary

leakage. Primary to secondary leakage will continue after SI flow is
stopped until the RCS and ruptured steam generator pressures equalize.
Charging flow, letdown, and pressurizer heaters will then be controlled
to prevent repressurization of the RCS and reinitiation of leakage into
the ruptured steam generator.
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Following SI termination, the plant conditions will be stabilized, the
primary to secondary break flow will be terminated and all immediate safety
concerns will have been addressed. At this time a series of operator actions
are performed to prepare the plant for cooldown to cold shutdown conditions.
Subsequently, actions are performed to cooldown and depressurize the RCS to
cold shutdown conditions and to depressurize the ruptured steam generator.

30 Percent Tub Pl in Anal sis

Reference 2 addresses the recent analysis for to support steam generator tube
plugging for unit 1 cycle 16. This included an evaluation of the steam

generator tube rupture accident to determine the impact on dose releases
Il

associated with the analysis.

The primary thermal, hydraulic parameters which affect the calculated okfsite
radiation doses for a steam generator tube rupture event are the assumed

radioactivity in the reactor coolant, the reactor coolant released through
the ruptured tube to the secondary steam volume, and the steam released from
the ruptured tube to the atmosphere. The change in steam generator tube
plugging did not impact the reactivity level of the reactor coolant.
However, both the primary coolant release to the secondary and the secondary
system release to the atmosphere were impacted by the assumed tube plugging
level.

To evaluate the effect of 30% steam generator tube plugging level, the mass

releases from the RCS and from the secondary volume to the atmosphere were
calculated. Four cases were considered assuming a nominal RCS temperature of
533'F and 576.3 F with both symmetric and asymmetric RCS flow conditions. A

nominal full power level of 3262 MNt was also assumed. The results of the
30% steam generator tube plugging analysis resulted in offsite radiological
consequences less than those previously provided.
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Conclusion

A steam generator tube rupture will cause no subsequent damage to the RCS or
the reactor core. An orderly recovery from the accident can be completed,
even assuming a simultaneous loss of offsite power such that liquid does not
enter the steam piping space. The doses to the public as a result of a steam

generator tube rupture have been shown to be less than the permissible limits
of 10 CFR Part 100. These limits are: for pre-accident iodine spike, the
thyroid dose in 10 CFR 100 or 300 rem, for accident initiated iodine spike,
10% (small fraction) of 10 CFR 100 or 30 rem thyroid and 2.5 rem gamma body.
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14.2.5 Ru ture of a S earn Pi e

A rupture of a steam pipe results in an uncontrolled steam release from a

steam ge'nerator. =- The steam release results in an initial increase in steam

flow which decreases during the accident as the steam pressure falls. The

energy removal from the reactor coolant system causes a reduction of coolant
temperature and pressure. Zn the presence of a negative coolant temperature

coefficient, the cooldown results in a reduction of core shutdown margin. Xf

the most reactive RCCA is assumed stuck in its fully withdrawn position,
there is an increased possibility that the cox= will become critical and

return to power. A return to power following a steam pipe rupture is a

'potential problem mainly because of the high hot channel factors which exist
when the most reactive assembly is assumed stuck in its fully withdrawn

position. The core is ultimately shut down by boric acid delivered by the

emergency core cooling system.

The analysis of a steam pipe rupture is performed to demons>rate that:

Assuming a stuck assembly, with or without offsite power, and assuming a

single failure in the engineered safety features, there is no

consequential damage to the primary system and the core remains in place
and intact.

Although DNB and possible clad perforation following a steam pipe
rupture are not necessarily unacceptable, the following analysis, in
fact shows that no DNB occurs for any rupture assuming the most reactive
assembly stuck in its fully withdrawn position.

Meth f Anal i

The analysis of the steam pipe rupture has been performed to determine:

A. The core heat flux and RCS temperature and pressure resulting from the

cooldown following the steam line break. The LOFTRAN Code, described in
Section 14. 1, has been used.
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The thermal and hydraulic behavio" of the core following a steam line
break. A detailed thermal and hydraulic digital-computer code, THINC,

described in Section 14.1, has been used to determine if DNB occurs for
the core conditions computed in item A above.

The following conditions were assumed to exist at the time of a main steam
line break accident:

End-of-life shut down margin (1.30% hk/k) at no load, equilibrium xenon
conditions, and the most reactive RCCA stuck in its fully withdrawn
position. Operation of the RCCA banks during core burnup is restr'icted
in such a way (to not violate the rod insertion limits presented in the
Technical Specifications) that addition of positive reactivity in a

steam line break accident will not lead to a more adverse condition than
the case analyzed.

A negative moderator coefficient of reactivity corresponding to the end-
of-life rodded core with the most reactive RCCA in the fully withdrawn
position. The variation of the coefficient with temperature and

pressure has been included. The k ff versus temperature at 1050 psiaeff
corresponding to the negative moderator temperature coefficient used is
shown in Figure 14.2.5-1. The Doppler power feedback assumed for this
analysis is presented in Figure 14.2.5-2.

The core properties associated with the sector nearest the affected
steam generator and those associated with the remaining sector were

conservatively combined to obtain average core properties for reactivity
feedback calculation. Further, it was conservatively assumed that the
core power distribution was uniform. These two conditions cause

underprediction of the reactivity feedback in the high power region near
the stuck rod. To verify the conservatism of this method, the
reactivity as well as the power distribution was checked for the
limiting conditions for the cases analyzed. This core analysis
considered the Doppler reactivity from the high fuel temperature near
the stuck RCCA, moderator feedback from the high water enthalpy near the
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Power peaking factors corresponding to one stuck RCCA and non-uniform

core inlet coolant temperatures are determined at end of core life. The

coldest core inlet temperatures are assumed to occur in the sector with
the stuck rod. The power peaking factors account for the effect of the

local void in the region of the stuck control assembly during the return
to power phase following the steam line break. This void in conjunction
with the large negative moderator coefficient partially offsets the

effect of the stuck assembly. The power peaking factors depend upon the

core power, temperature, pressure, and flow, and thus are different for
each case studied.

The analyses assumed initial hot shutdown conditions at time zero since
this represents the most pessimistic initial condition. Should the

reactor be, just critical or operating at power at the time of a steam
I

line break, the reactor will be tripped by the normal overpower

protection system when power level reaches a trip point. Following a

trip at power the reactor coolant system contains more stored energy

than at no-load, the average coolant temperature is higher than at no-

load and there is appreciable energy stored in the fuel. Thus, the
additional stored energy is removed via the cooldown caused by the steam

line break before the no-load conditions of RCS temperature and shutdown

margin assumed in the analyses are reached. After the additional stored
energy has been „removed, the cooldo.~n and reactivity insertions proceed

in the same manner as in the analysis which assumes no-load condition at
time zero.

In addition, since the initial steam generator water inventory is
greatest at no-load,, the magnitude and duration of RCS cooldown are more

severe th'an steam line breaks occurring at power.

G. In computing the steam flow during a steam line break, the Moody
(2)Curve for fl/D 0 is used.
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The fast acting steam line isolation valves are assumed to close in less
than eleven seconds from receipt of actuation signal. For breaks

downstream of the isolation valv'es, closure of all valves would

completely terminate the blowdown. For any break, in any location, no

more'han one steam generator would experience an uncontrolled blowdown

even if one of the isolation valves .fails to close.

~Rsul s

The limiting case of cases a through e was shown to be the doubled-ended

rupture located upstream of the flow restrictor with offsite power available.
Table 14.2.5-1 lists the limiting statepoints for this worst case. The

results presented are a conservative indication of the events which would

occur assuming a steam line rupture since it is postulated that all of„ the

conditions described above occur simultaneously. The sequence of events for
this transient is presented in Table 14.2.5-2.

Figures 14.2.5-4 through 14.2.5-7 show the RCS transient and core heat flux
following a main steam line rupture (complete severance of a pipe at the exit
of the steam generator nozzle) at initial no-load condition.

Offsite power is assumed available so that full r'eactor coolant flow exists.
The transient shown assumes an uncontrolled steam release from only one steam

generator. Should the core be critical at near zero power when the rupture
occurs the initiation of safety injection by high differential pressure

between any steamline and the remaining steamlines or by high steam flow
signals in coincidence with either low low RCS temperature or low steam line
pressure will trip the reactor. Steam release from more than one steam

generator will be prevented by automatic trip of the fast acting isolation
valves in the steam lines by high containment pressure signals or low steam

line pressure or high steam flow coincident with low-low T . Even with the
avg'ailureof one valve, release is limited to approximately 13 seconds for the

other steam generators while the one generator blows down. The steam line
stop valves are designed to be fully closed in less than eleven seconds from treceipt of a closure signal.
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As shown in Figure 14.2.5-7, the core attains criticality with the RCCAs

inserted (with the design shutdown assuming one stuck RCCA) before boron
solution, at 2400 ppm enters the RCS. A peak core power less than the nominal

full power value is attained.

The calculation assumes the boric acid is mixed with, and diluted by the
water flowing in the RCS prior to entering„the reactor core. The

concentration after mixing depends upon the relative flow rates in the RCS

and in the safety'njection system. The variation of mass flow rate in the
RCS due to water density changes is included in the calculation as is the
variation of flow rate in the safety injection system due to changes in the
RCS pressure. The safety injection system flow calculation includes the line
losses in the system as well as the pump head curve.

The assumed steam release for an accidental depressurization of the main

steam system (Case e) is the maximum capacity of any s'ingle steam dump,

relief, or safety valve. Safety injection is initiated automatically by low

pressurizer pressure. Operation of one centrifugal charging pump is assumed.

Boron solution at 2400 ppm enters the RCS providing sufficient negative
reactivity to prevent core damage. The transient is quite conservative with
respect to cooldown, since no credit is taken for the energy stored in the
system metal other than that of the fuel elements or the energy stored in the
other steam generators. Since the transient occurs over a period of about
five minutes, the neglected stored energy is likely to have a significant
effect in slowing the cooldown. The DNB transient is bounded by the limiting
case for a steamline rupture.

The DNB analysis for the limiting case (double-ended rupture located upstream

of the flow r'estrictor) showed that the minimum DNBR remained above "the limit
value.
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Conclusions

The analysis has shown that the criteria stated earlier are satisfied

Although DNB and possible clad perforation following a steam pipe rupture are

not necessarily unacceptable and not precluded by the criteria, the above

analysis, in fact, shows that no DNB occurs for the rupture (or an accidental

depressurization of the main steam system) assuming the most reactive RCCA

stuck in its fully withdrawn position.
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TABLE 14 . 2. 5-1

LIMITING STEAMLINE BREAK STATEPOINT

DOUBLE ENDED RUPTURE INSIDE CONTAINMENT

WITH OFFSITE POWER AVAILABLE

Time sec Pressure psia Heat Flux Inlet Temp. Flow

Fraction Cold 'F Hot 'F Fraction
Boron

PPM

Reactivity Density
Percent gm/cc

180.2 601.93 . 228 336.6 463.3 1.0 7. 13 -.001 .849
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Table 14.2.5-2
TIME SEQUENCE OF EVENTS

DOUBLE ENDED RUPTURE INSIDE CONTAINMENT

WITH OFFSITE POWER AVAILABLE

Event

Steam line rupture occurs

Low steam line pressure coincident with high
steam flow in two steam lines reached

T~im eec

0.00

2.06

Feedwater Isolation (All loops)

Criticality attained

Steamline Isolation (Loops 2, 3, and 4)

Pressurizer empties

SI flow starts

Boron from SI reaches the core
e

, Peak heat flux attained

10. 06

12.40

13. 06

13.20

29. 06

39.80

179.2

Core becomes subcritical 180.0

UNIT 1 14.2.5-11 July 1997



1.030

1.020

1.010

I.000 I ~

0.990

h ~

0.980
240 280 320 360 '00 440 480 520 560

Core Average Temperature ['F]

DONALDC. COOK
NUCLEARPLANT

UNIT 1

'IGURE 14.2.5-1

Variation of Reactivity With Core Temperature At
1050 psia For The End OfLife Rodded Core With
One Control Rod Assembly Stuck (Zero Power)

For The Steamline Break Double Ended Rupture Event

JULY 1997



3.60

u 3.20

2.80
X

c 2.40

2.00
0

1.60

~o 120

P—0.80

- 0.40c

0.00

~ ~ )

v ~

0 5 10 15 20 25 30 35 40 45 50

Core Power fPrecent of Nominal]

DONALDC. COOK
NUCLEAR PLANT

UNITI

HGURE 14.25-2

Doppler Power feedback

For The SteamJine Bteak Double Ended Rupture Event

JULY 1997



2,400

2,000

'~ 1,600

g 1.200

0

o 800
K .

0
. 0 5 10 15 20 25 30 35 40 45 50

Cold Leg Safety Injection [Ibm/sec]

DONALDC. COOK
NUCLEAR PLANT

UNlT 1

FIGURE 14.2.5-3

Safety Injection Flow Supplied By One Charging Pump

For The Stearnline Break Double Ended Rupture Event

JULY 1997



Q4

CS
t=

E
0.3

O
C
O
U

0 q

I
Cl

0
Q.

h Q.1

O

X

0.0
50 150

Time ts)

250

Q.4

m03
O
C
O

0.2
)C

LL

0.1
Q
O
O

0.0
0 50 150

Time (s]

DONALDC. COOK
NUCLEARPLANT

UNIT )

FIGURE 14.2.5<

Nuclear Power and Core Heat Flux vs. Tine For

The Stearnline Break Double Ended Rupture Event

Pnside Containment With Power)

JULY 133t



560

u.

520

Q.
E

480

0)
t5

)
I 440
Q
O

0 50 150

Time ts]

250

2.500

2,000
.5
Q.

Q

g 1,500
ID

n.
tn
V
tt:

1,000

0 50 150

Time [s]

250

DONALDC. COOK
NUCLEARPLANT

UMT1

FIGURE 14.2.5-5

Core Average Temperature and RCS Pressure vs. Tom

For The Steantiine Bmdc Double Ended Rupture Event

Pnside Containmcnt With Power)

JULY 1997



500

400

I

~ 300

I

|~- 200

~ 100

0
0 50, 100 150

Time [s)

250 300

DONALDC. COOK
NUCLEAR PLANT-

UNIT 1

FIGURE 14.2.5-6

Pressurizer Water Volume vs. Tine
For The Steamline Break Double Ended Rupture Event

flnside Containment With Power]

JULY 1997



0

E
O
CL

-500
O

tt:

-1.000

~ 1,500
0 50 100 150

Time (s]

250

40

—30
C
O

C

c 20
O
O
C"
O

~
10

O
O

0
0 50 150

Time [sj

250 300

DONALDC. COOK
NUCLEAR PLANT

UNIT 1

FIGURE 14,2.5-7

Reactivity and Core Boron Concentration vs.
Tine'or

The Steamline Break Double Ended Rupture Event

tinside Containment With Power]

JULY j.997





In view of the above experimental results, criteria are applied to ensure that
there is little or no possibility of'fuel dispersal in the coolant, gross
lattice distortion, or severe shock waves.

The limiting criteria is described in Reference 4 and summarized below:

A. Average fuel pellet enthalpy at hot spot below 225 cal/gm for
unirradiated fuel and 200 cal/gm for irradiated fuel.

B. Average clad temperature at the hot spot below the temperature at which
clad embrittlement,may be expected (3000 F) .

" C. Peak reactor coolant pressure less than that which could cause„stresses
to exceed the faulted condition stre'ss limits.

D. Fuel melting will be limited to less than ten percent (10%). of the fuel
volume at the hot spot even if the average fuel pellet enthalpy is below
the limits of criterion A above.

Meth d of Anal si

The calculation of the RCCA ejection transient is performed in two stages,
first an average channel core calculation and then a hot region calculation.
The average core calculation is oerformed using spatial neutron kinetics
methods to determine the average power generation with time, including the
various total core feedback effects, i.e., Doppler reactivity and moderator
reactivity. Enthalpy and temperature transients in the hot spot are then,
determined by multiplying the average core energy generation by the hot
channel factor'nd performing a fuel rod transient heat transfer calculation.
The power distribution calculated without feedback is pessimistically assumed

to persist throughout the transient. A detailed investigation using this
method, and a demonstration of the conservativeness of the calculation
compared to three-dimensional spatial kinetics, is presented in
WCAP-7588.
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Avera e Core Anal sis

The spatial kinetics computer code, TWINKLE, is used for the average core

transient analysis. This code solves the two group neutron diffusion theory
kinetic equation in one, two or three spatial dimensions (rectangular
coordinates) for six delayed neutron groups and up to 2000 spatial points.
The computer code includes a detailed multi-region, transient fuel-clad-coolant
heat transfer model for calculation of pointwise Doppler and moderator

feedback effects. In this analysis, the code is used as a one dimensional

axial effects code since it allows a more realistic representation of the

spatial kinetics of axial moderator feedback and RCCA movement. However,

since the radial dimension is missing, it is still necessary to employ very
conservative methods (described below) of calculating the ejected rod worth

and hot channel factor. Further'description of TWINKLE appears in
Section 14.1.

Hot S ot Anal sis

In the hot spot analysi,s, the initial heat flux is equal to the nominal times

the design hot channel factor. During the transient, the heat flux hot
channel factor is linearly increased to the transient value in 0.1 second, the

time for full ejection of the RCCA. Therefore, the assumption is made that
the hot spot before and after ejection are coincident. This is very
conservative since the peak aftez ejection will occur in or adjacent to the

fuel assembly with the ejected RCCA, and prior to ejection the power in this
region will necessarily'e depressed.

The hot spot analysis is performed using the detailed fuel and clad transient
heat trans'fer computer code, FACTRAN. This computer code calculates the

transient temperature distribution in a cross section of a metal clad U02

fuel rod, and the heat flux at the surface of the rod, using as'nput the

nuclear power versus time and the local coolant conditions. The zirconium-
water reaction is explicitly represented, and all material properties are

represented as functions of temperature. A conservative radial power

distribution is used within the fuel rod.
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~ significant decrease in the RCS temperature below noload by this time, and the
depressurization itself has caused an increase in shutdown margin by about
0.2< hk/k due to the pressure coefficient. The cooldown transient could not
absorb the available shutdown margin until more than 10 minutes after the
break. The addition of borated safety injection flow (supplied from the RWST)

starting 'one minute after the break is much more than sufficient to ensure
that the core remains subcritical during the cooldown.

~Re ul e

Table 14.2.6-1 summarizes the results. Cases are presented for both beginning
and end of life,at zero and full power.

A. Beginning of Cycle, Full Power

Control Bank D was assumed to be inserted to its insertion limit. The

worst ejected RCCA worth and hot channel factor were conservatively
calculated to be 0.15% hk/k and 6.8 respectively. The peak clad average

0temperature was 2299 F. Th'e peak spot fuel center temperature reached
melting, conservatively assumed at 4900 F. However, melting was

0

restricted to less than 10% of the pellet.

B. Beginning of Cycle, Zero Power

For this condition, Control Bank D was assumed to be fully inserted and

banks B and C were at their insertion 'limits . The worst ejected rod is
located in Control Bank D and has a worth of 0.65% dk/k and a hot channel
factor of 12.0. The peak clad average temperature reached 2130 F, the0

fuel center temperature was 3120 F.
0
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C. End of Cycle, Full Power

Control Bank D was assumed to be inserted to its insertion limit. The

ejected rod worth and hot channel factors were conservatively calculated
to be 0.19% hk/k and 7.1 respectively. This resulted in a peak clad

0average temperature of 2245 F. The peak hot spot fuel center temperature
0reached melting at 4800 F. However, melting was restricted to less than

10> of the pellet.

End of Cycle, Zero Power

The ejected rod worth and hot channel factor for this case was obtained
assuming Control Bank D to be fully inserted and banks B and C at their
insertion limits. The results were 0.75% hk/k and 19.0 respectively.
The peak clad average and fuel center temperatures were 2322 F and

0

03258 F. The Doppler weighting factor for this case is significantly
higher than for other cases due to the very large transient hot channel
factor.

For all the cases analyzed, average fuel pellet enthalpy at the hot spot
remains below 200 cal/gm.

The nuclear power and hot spot fuel and clad temperature transients for two

cases (end of life zero power and end of life full power) are presented in
Figures 14.2.6-1 through 14.2.6-4.

The ejection of an RCCA constitutes a break in the RCS, located in the reactor
pressure vessel head. The effects and consequences of loss of coolant
accidents (LOCA) are discussed in Section 14.3. 1 and 14.3.2. Following the
RCCA ejection, the operator would follow the same emergency instructions as

for any other LOCA to recover from the event.
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TABLE 14 . 2. 6-1

PARAMETERS U ED IN THE ANALYSI OF THE ROD CLUSTER C NTROL

A SEMBLY EJE TION ACCIDENT

Time in Life
HZP

Beceinning

HFP

~Binn in
HZP

End

HFP

End

Power Level ('.)

Ejected Rod Worth

(Mk)

0.65

102

0.15 0.75

102

0.19

Delayed Neutron

Fr'action (~)

Feedback Reactivity
Weighting

0.0050

2.071

0.0050

1.30

0.0040 0.0040

2.755 1.30

Trip Reactivity (~5k) 2.

F Before.Rod Ejection
q

F After Rod Ejection
q

Number of Operational Pumps

2.50

12.

2.50

6.8

2.50

19.

2.50

7.1

2. '

Maximum Fuel Pellet Average 2764
0Temperature ( F)

4056 2963 3969

Maximum Fuel Center
oTemperature ( F)

Maximum Clad Average
0Temperature < F)

3120

2130 2299

3258

2322

4872

2245

Maximum Fuel Stored

Energy (cal/gm)

112.7 177.3 122.2 172,7

Fuel Melt in Hot Pellet, 0 0 (10 (10
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TABLE 14.2.7-3

STEAM GENERATOR TUBE RUP RE

STEAM RELEA E

Steam release from defective
steam generat'or

56,525 lbs (0-30 min)

Steam release from 3 non-defective
steam generators

413,000 lbs (0-2 hr)
978,'000 lbs (2-8 hr)

Feedwater flow to 3 non-defective
steam generators

613,000 lbs (0-2 hr)
1,074,000 lbs (2-8 hr)

Reactor coolant released to the
defective steam generator

140, 264 lbs (0-30 min)

4,
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14.2.8 MAJOR RUPTURE OF A MAIN FEEDWATER PIPE

This event is not part of the Unit 1 license basis. Formerly, an

informational purpose only analysis summary of this event had been included in
Unit 1 Section 14.2.8.

As documented in references 1 and 2, an evaluation was performed which

concluded that 'the results presetned in Unit 2 Section 14.2.8 of the UFSAR

bound Unit 1. This evaluation is based on the changes to the Unit 1 steamline
"break protection logic which made it identical to that installed in Unit 2.

This conclusion is recognized in reference 3.

~Ref r n es

1

1. WCAP-14285, Donald C. Cook Nuclear Plant Unit 1, Steam Generator Tube

Plugging Program Licensing Report, May 1995.

2. Letter AEP:NRC: 1207, Donald C. Cook Nuclear Plant Units an'd 2 License

Nos. DPR-58 and DPR-74 Proposed Technical Specification Changes Supported

by Analyses to Increase Unit 1 Steam Generator Tube Plugging Limit and

Certain Proposed Changes for Unit 2 Supported by Related Analyses, E. E.

Fitzpatrick to USNRC Document Desk, May 26,
1995.'.

Amendment No. 214 to Facility Operating License No. DPR-58, March 13,

1997.
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14.3.1 LARGE BREAK LOCA ANALYSIS

I n ification of aus s and Fre enc 1 ssifica ion

A loss-of-coolant accident (LOCA) is the result of a pipe rupture of the RCS

pressure boundary. For the analyses reported here, a major pipe break

(large break) is defined as a rupture with a total cross-sectional area
2equal to or greater than 1.0 ft . This event is considered an ANS Condition

IV event, a limiting fault, in that it is not expected to occur during the
lifetime of Cook Nuclear Plant Unit 1, but is postulated as a conservative
design basis.

The Acceptance Criteria for the LOCA are described in 10 CFR 50.46 (10 CFR

50.46 and Appendix K of 10 CFR 50, 1974) as follows:(1)

1. The calculated peak fuel element clad temperature is below the
requirement of 2200 F.0

2. The amount of fuel element cladding that reacts chemically with water
or steam does not exceed 1 percent of the total amount of Zircaloy in
the reactor.

3. The localized cladding oxidation limit of 17 percent is not exceeded

during or after quenching.

4. The core remains amenable to cooling during and after the break.

5. The core temperature is reduced'nd decay heat is removed for an

extended period of time, as required by the long-lived radioactivity
remaining in the core.

These criteria were established to provide a significant margin in emergency

core cooling system (ECCS) performance following a LOCA. WASH-1400 (USNRC

1975) presents a study in regards to the probability of occurrence of RCS
(2)

pipe ruptures.
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Se uen f Events and S st ms O rati ns

Should a major break occur, depressurization of the RCS results in a

pressure decrease in the pressurizer. The reactor trip signal subsequently
occurs when the pressurizer low pressure trip setpoint is reached. A safety
injection signal is generated when the appropriate setpoint is reached.
These countermeasures will limit the consequences of the accident in two
ways:

1. Reactor trip and borated water injection supplement void formation in
causing rapid reduction of power to a residual level corresponding to
fission product decay heat. No credit is taken in the LOCA analysis
for the boron content of the injection water. However, an average
RCS/sump mixed boron concentration is calculated to ensure that the
core remains subcritical. In addition,,the inse tion of control rods
to shut down the reactor is neglected in the large break analysis.

I

Injection of borated water provides for heat transfe f om the core and

prevents excessive clad temperatures.

In the present Westinghouse design, the large break single allure is the
loss of one RHR (low head) pump. This means that credit could be taken for
two high head charging pumps, two safety injection pumps, and one low head

pump. The following is a discussion of the modeling procedure for the
minimum safeguards and the flow spilling from a break of an ECCs branch
injection line (i.e.. "he spilling line assumptions) .

The current procedure for large break analyses assumes thar at least one

train of ECCS is available for delivery of water to the RCS. Although the
single failure is an RHR pump, only one pump in each subsystem is assumed to
deliver to the primary loops. However, both emergency diesel generators
(EDGs) are assumed to start in the modeling of the containment deck fans and

sprays. Modeling full containment heat removal systems operation is .

required by Branch Technical Position CSB 6-1 and is conservative for the
large break LOCA. The high head charging pump starts and delivers flow
through the injection lines (one per loop) with one branch injection line
spilling to the containment backpressure. To minimize delivery to the
reactor, the branch line chosen to spill is selected as "h one with the
minimum resistance..When one safety injection pump and "ne low head

UNIT 1 14.3.1-2 July, 1997



residual heat removal pump start, flow is delivered to the reactor coolant
system through the accumulator injection lines. Again, one line, with the
minimum resistance, is assumed to spill to containment backpressure. In
addition, the safety injection pump and ow head residual heat removal pump

1

performance curves were degraded by 15%. For the high head charging pumps,

the performance curves were degraded by 10% and a 25 gpm flow imbalance was

assumed.

Therefore, in the large break ECCS analysis performed by Westinghouse,
single failure is conservatively accounted for via the loss of an ECCS

train, and the spilling of the minimum resistance injection line despite
full containment active heat removal system operation (i.e., two EDGs)

The time sequence of events following a large break LOCA is presented in
Table 14.3.1-1.

Before the break occurs, the unit is in an equilibrium condition; that is,
the heat generated in the core is being removed via the secondary system.
During blowdown, heat from fission product decay, hot internals and the
vessel, continues to be transferred to the reactor coolant. At the
beginning of the blowdown phase, the entire RCS contains subcooled liquid
which transfers heat from the core by forced convection with some fully
developed nucleate boiling. After the break develops, the time to departure
from nucleate boiling is calculated, consistent with Appendix K of
10 CFR 50'" . Thereafter, the core heat transfer is unstable, with
both nucleate boiling and film boiling oc"urring. As the core becomes

uncovered, both turbulent and laminar forced convection and radiation are
considered as core heat transfer mechanisms.

The heat transfer between the RCS and the secondary system may be in either
t

direction, depending on the relative temperatures. In the case of continued
heat addition to the secondary system, the secondary system pressure
increases and the main steam safety valves may actuate to limit the
pressure. Makeup water to the secondary side is automatically provided by
the auxiliary feedwater system. The safety injection signal a"tuates a

feedwater isolation signal which isolates normal feedwater flow by closing
the main feedwater isolation valves, and also initiates emergency feedwater
flow by start'ng the auxiliary feedwater pumps. The secondary flow aids in
the reduction of RCS pressure.
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When the RCS depressurizes to 600 psia, the accumulators begin to inject
borated water into the reactor coolant loops. The conservative assumption
is made that accumulator water injected bypasses the core and goes out
through the break until the termination of bypass. This conservatism is
again consistent with Appendix K of 10 CFR 50. Since loss of offsite power
(LOOP) is assumed, the RCPs are assumed to trip at the inception of the
accident. The effects of pump coastdown are included in the blowdown
analysis.

The blowdown phase of the transient ends when the RCS pressure (values with
uncertainty assumed to be 2317 psia or 2033 psia) falls to a value
approaching that of the containment atmosphere. Prior to or at the end of
the blowdown, the mechanisms that are responsible for the emergency core
cooling water bypassing the core are calculated not to be effective. At
this time (called end-of -bypass) refill of the reactor vessel lower plenum
begins. Refill is completed when emergency core cooling water has filled
the lower plenum of the reactor vessel, which is bounded by the bottom of
the fuel rods (called bottom of core recovery time)

The reflood phase of the transient is defined as the time period lasting
from the end-of-refill until the reactor vessel has been filled with water
to the extent that the core temperature rise has been terminated. From the
latter stage of blowdown and then the, beginning-of-reflood, the safety
injection accumulator tanks rapidly discharge borated cooling water into the
RCS, contributing to the fillingof the reactor vessel downcomer. The
downcomer water elevation head provides the driving force required for the
reflooding of the reactor core. The low head and high head safety injection
pumps aid in the fillingof the downcomer and subsequently supply water to
maintain a full downcomer and complete the reflooding process.

Continued operation of the ECCS pumps supplies water during long-term
cooling. Core temperatures have been reduced to long-term steady state
levels associated with the dissipation of residual heat generation. After
the water level of the refueling water storage tank (RWST) reaches a minimum

allowable value, coolant for long-term cooling of the core is obtained by
switching to the cold recirculation phase of, operation in which spilled
borated water is drawn from the engineered safety features (ESF) containment
sumps by the low head safety injection (residual heat removal) pumps and
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returned to the RCS cold legs. The containment spray system continues to
operate to further reduce containment pressure.

Approximately 12 hours after the initiation 'of the LOCA, the ECCS is
realigned to supply water to the RCS hot legs in order to control the boric
acid concentration in the reactor vessel. Long-term cooling includes long-
term criticality control. Criticality control is achieved by determining
the RWST and accumulator concentration necessary to maintain subcriticality
without credit for RCCA insertion. The necessary RWST and accumulator
concentration is a function of each core design and is checked each cycle.
The current Technical Specification value is 2400 ppm to 2600 rpm boron. (3)

An evaluation has been performed to determine the effect of a 3 minute SZ

interruption during the switchover to sump recirculation on the LBLOCA

analysis. This scenario could occur if the RHR pump which was first
switched over to recirculation fails at the time the other RHR pump is

I

secured for switchover. Using a conservatively short estimate of the RWST

draindown time and a bounding scenario for the availability of pumped

injection, it was shown (Reference 21) that the short-term peak clad
temperature results are not challenged by a three minute in"erruption of all
ECCS flow.

r and S stem Perf rmance

Mathematical Model:

The requirements of an acceptable ECCS evaluation model are presented in
Appendix K of 10 CFR 50 (Federal Register 1974) (1)

Large Break LOCA Evaluation Model

The analysis of a large break LOCA transient is divided into three phases:
(1) blowdown, (2) refill, and (3) reflood. There are three distinct
transients analyzed in each phase, including the thermal-hydraulic transient
in the RCS, the pressure and temperature transient within the containment,
and the- fuel and clad temperature transient of the hottest fuel rod in the
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core. Based on these considerations, a system of interrelated computer
codes has been developed for the analysis of the LOCA.

A description of the various aspects of the LOCA analysis methodology is
(4)given by Bordelon, Massie, and Zordan '(1974) . This document describes

the major phenomena modeled, the interfaces among the computer codes, and

the features of the codes which ensure compliance with the Acceptance
Criteria. The SATAN-VI, WREFLOOD, BASH and LOCBART codes, which are used in
the LOCA analysis, are described in detail by Bordelon et al. (1974)
Kelly et al. (1974) ; Young et al. (1987) ; and Bordelon et al.(6) (7)

(4)(1974) . Code modifications are specified in References 8, 9, 10 and 11.
It is noted that the WREFLOOD code, which was previously used to calculate
the RCS behavior during vessel lower plenum refill, has been replaced by the
REFILL code as reported in Reference 18. The REFILL code is identical to
the section of the WREFLOOD code that modeled the refill phase.

t.

These codes assess the core heat transfer geometry and determine if the'ore
remains amenable to cooling throughout and subsequent to the blowdown,
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refill, and ref lood phases of the LOCA. The SATAN-VI computer code analyzes
the thermal-hydraulic transient in the RCS during blowdown and the REFILL

computer code calculates this transient during the refill phase of the
accident. The BASH code is used to determine the system response during the
reflood phase of the transient. The LOTIC computer code, described by Hsieh
and Raymund in WCAP-8355 (1975) and WCAP-8345 (1974) , calculates the(12)

containment pressure transient.

The containment pressure transient is input.to BASH for the purpose of
calculating the reflood transient. The LOCBART computer code calculates the
thermal transient of the hottest fuel rod in the three phases. The Revised
PAD Fuel Thermal Safety Model, described in References 13, generates the
initial fuel rod conditions input to LOCBART.

SATAN-VI calculates the RCS pressure, enthalpy, density, and the mass 'and

energy flow rates in the RCS, as well as steam generator energy transfer
between the primary and secondary systems as a function of time during the
blowdown phase of the LOCA. SATAN-VI also'alculates the accumulator water
mass and internal pressure and the pipe break mass and energy flow rates
that are assumed to be vented to the containment during blowdown. At the

" end of the blowdown, information on the state of the system is transferred
to the REFILL code which performs the calculation of the refill period to
bottom of core (BOC) recovery time. Once the vessel has refilled to the
bottom of the core, the reflood portion of the transient begins. The BASH

code is used to calculate the thermal-hydraulic simulation of the RCS for
the reflood phase.

Information concerning the core boundary conditions is taken from all of the
above codes and input to the LOCBART code for the purpose of calculating the
core fuel rod thermal response for the entire transient. From the boundary

conditions, LOCBART computes the fluid conditions and heat transfer
coefficient for the full length of the fuel rod by employing mechanistic
models appropriated to the actual flow and heat transfer regimes.
Conservative assumptions ensure that the fuel rods modeled in the
calculation represent the hottest rods in the entire core.

The large break analysis was performed with the December 1981 version of the
Evaluation Model modified to incorporate the BASH computer code.(7)
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Input Parameters and Initial Conditions:

The analysis presented in this section was performed with a reactor vessel

upper head temperature equal to the RCS hot leg temperature and a uniform
steam generator tube plugging level of 30%'. The analysis is also based on

plant operation with the RHR cross-tie valves closed, and a diesel generator
start time of 30 seconds which results in a safety injectin delay time of 47

seconds. A list of plant input parameters used in the large break LOCA

analysis is provided in Table 14.3.1-2.

A range of reactor operating temperatures were analyzed in order to justify
plant operation at a reactor power level of 3250 MWt between 609.1 F to

0 0 0586.8 F in the hot legs and 543.5 F and 519.2 F in the cold legs. In
addition to the temperature range analyzed, initial RCS pressure was also
varied to justify plant operation at 2250 and 2100 psia. A full spectrum

break analysis was done at the nominal RCS conditions (initial RCS pressure
of 2250 psia and initial hot leg temperature of 609.1 F) from which the
limiting break size was determined. The limiting break was then reanalyzed
at the reduced hot leg temperature of 586.8 F and nominal RCS pressure of
2250 psia. The limiting break was also reanalyzed at the nominal hot leg
temperature of 609.1 F and RCS;'pressure of 2100 psia. Table 14.3.1-1
identifies the cases analyzed.

The bases used to select the numerical values that are input parameters to
the analysis have been conservatively determined from extensive sensitivity
studies (Westinghouse 1974 ; Salvatori 1974 ; Johnson, Massie, and(14) (15)

(16)Thompson 1975 . In addition, the requirements of Appendix K regarding
specific model features were met by selecting models which provide a

significant overall conservatism in the analysis. The assumptions which

were made'ertain to the conditions of the reactor and associated safety
system equipment, at the time that the LOCA occurs, and include such items as

the core peaking factors, the containment pressure, and the performance of
the ECCS. Decay heat generated throughout the transient is also
conservatively calculated.
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Another input parameter that affects LOCA analysis results is the assumed

axial power shape at the beginning of the accident. Large break LOCA

analyses have been traditionally performed using a symmetric, chopped cosine
axial power shape. Recent calculations have shown that there was a

potential for top';skewed power distributions to result in peak cladding
temperatures (PCT) greater than those calculated with a chopped cosine axial
power distribution. Westinghouse previously developed a process, called the
power shape sensitivity model (PSSM), that reasonably ensured that the
cosine remains the limiting power distribution by defining appropriate power
distribution surveillance data. The PSSM process was applied for the Cycle
13 and 14 reloads for Cook Nuclear Plant Unit 1. However, PSSM was

subsequently replaced by an alternate'axial power shape methodology
designated ESHAPE, which is based on explicit analysis of a set of skewed
axial power shapes. The explicit use of skewed power shapes has previously
been approved by the NRC as part of the Westinghouse Large Break LOCA

N

Evaluation Model. The ESHAPE methodology was utilized for the. Cycle 15
I

reload, and has also been applied for this analysis for Cycle 16; The
application of the ESHAPE methodology demonstrated that the cosine axial
power shpae used for the current large break LOCA analysis is more limiting
than potential top-skewed power shapes. The ESHAPE methodology has been
implement'ed in the reload design process to ensure that top-skewed axial
power distributions that are potentially more limiting than the power
distribution used in the ECCS analysis are precluded for future cycles.

A meeting was held at the Westinghouse Licensing Office in Bethesda on
December 17, 1981, between members of the U. S. Nuclear Regulatory
Commission and members of the Westinghouse Nuclear Safety Department to
discuss the impact of maximum safety injec"ion on the large break ECCS

h

analysis on a generic basis. Further discussion of this issue .is provided
in a letter from E. P. Rahe, Manager of Westinghouse Nuclear Safety
Department, to-'Robert L. Tedesco of the U. S. Nuclear Regulatory

(17)Commission . A brief description of this issue is given below.

Westinghouse ECCS analyses currently assume minimum safeguards for the
safety injection flow, which minimizes the amount of flow to the RCS by
assuming maximum injection line resistances, degraded ECCS pump performance,
and the loss of one residual heat removal (RHR) pump as the most limiting
single failure. This is conservatively modeled as a loss of one train of
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safety injection, including RHR pump, safety injection pump and
centrifuge'harging

pump. Both containment spray pumps are assumed operable. This is
the limiting single, failure assumption when offsite power is unavailable for
most Westinghouse plants. However, for some Westinghouse plants, the i
current nature of the Appendix K ECCQ evaluation models is such that it may

be more limiting to assume the maximum possible ECCS flow delivery. In that
case, maximum safeguards which assume minimum injection line resistances,
enhanced ECCS pump performance, and no single failure, result in the highest
amount of flow delivered to the RCS.
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The worst break for Cook Unit 1 (CASE F) was reanalyzed, assuming maximum

safeguards. The results of the large break LOCA analyses are given in Table
14.3.1-1.

Results:

Based on the results of the LOCA sensitivity studies (Westinghouse 1974 (14)

Salvatori 1974 ; Johnson, Massie, and Thompson 1975 ) the limiting(15) (16)

large break was found to be the double-ended cold leg guillotine (DECLG)

Therefore, only the DECLG break .is considered in the large break ECCS

performance analysis. Calculations were performed for a range of Moody

break discharge coefficients. The results of these calculations are
summarized in Table 14.3.1-1.

The containment data used to generate the LQTIc backpressure transient are
Ishown in Table 14.3.1-3. The mass and energy release data used for the

limiting minimum safeguards case are shown in Table 14.3.1-4. Nitrogen
release rates to the containment are given in Table 14.3.1-5.

Figures 14.3.1-1a through 14.3.1-19 present the results of the cases

analyzed for the large break LOCA. The alpha designation in the figure
number corresponds to the cases as described in Table 14.3. 1-1.

Fi ur s 14 .1 la-f The system pressure shown is the calculated core
pressure.

Fi ures 14. .1.2 -f The flow rate from the break is plotted as the sum of
both ends of the guillotine break.

Fi res 14 a-f The core pressure drop shown is from the lower plenum,

near the core, to the upper plenum at the core outlet.
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Fi ures 14. .1.4a-f The core flow is shown during the blowd wn phase of =he

transient.

Fi r 14. .1.5a-f The accumulator flow during blowdown is plotted as the

sum of that injected into the intact cold legs.

Fi ures 14.3.1.6a-f The core and downcomer collapsed liquid water level, and

the, core quench front are plotted during the reflood
phase of the transient.

Fi ures 14.3.1.7a-f The core inlet flow is shown as it is calculated during
the reflood phase.

Fi ur s 14 .1 -f The total accumulator and pumped ECCS flow injected
into the intact cold legs during reflood is shown.

Fi r s 14. .1. -f The integral of the core inlet flow as calculated with
BASH is plotted.

Fi r 14 3.1.10a-f The mass flux is plotted at the hot spot (the node

which produced the peak clad temperature) on the

hot rod.

Fi res 14.3.1.11a-f The heat transfer coefficient is plotted at the hot

spot on the hot rod.

Fi r s 14 .1.12a-i The vapor temperatu e at the hot spot on the hot

rod is plotted.

Fi res 14 1.1 a- The clad temperature at the hot spot is shown for
the hot rod.
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Fi ure 14. .1.14 The containment pressure transient used in the analysis
is provided for the minimum SI case.

Fi ures 14 .1.1 -1 These fi'gures show the heat removal rates of the
heat sinks found in the lower and upper compartment

and the heat removal by the sump and lower

compartment spray.

Fi ur 14..1 1 This figure shows the temperature transients in both the
lower and upper compartments of containment.

The maximum clad temperature calculated f'or'a large break is 2164 F, which0

is less than the Acceptance Criteria limit of 2200 F. The maximum local0

metal-water reaction is 14.30 percent, which is well below the embrittlement
(

limit of 17 percent as required by 10 CFR 50.46. The total core metal-water
reaction for all breaks is less than the 1 percent criterion of 10 CFR

50.46. The clad temperature transient is terminated at a time when the core

geometry is still amenable to cooling. As a result, the core temperature
will continue to drop and the ability to remove decay heat generated in the
fuel for an extended period of time will be provided.

10 CFR 50.46(a)(3) requires the record keeping and reporting of changes in
LOCA evaluation models and of changes in the application of these models.

References 19 and 20 report the, following permanaent changes that apply to
Cook Nuclear Plant Unit 1:

1. During migration of the LOCA codes from the Cray computer to Unix-based

platforms, programming errors were made in two library routines related
to improper specification of double precision variables (Reference 19).
This resulted in a 5'F benefit applied to the peak cladding temperature
for Case, E.

2. An error was discovered in the coding related to the transloation of
fluid-conditions between the SATAN blowdown hydraulics code and the

LOCTA code used for subchannel analysis of the fuel rods (Reference

20) . This resulted in a 15'F penalty applied to the peak cladding
temperature for Case E.
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3. An error was discovered in the LOCBART code related o imp ope

modeling of fuel rod cladding creep and burst (Reference 20)

resulted in p 9'F benefit applied to the peak cladding temperature

Case E.

Tabulations of the assessments against peak cladding temperature due to
these changes for the limiting Case E are shown in Table 14.3.1-1.

case, the peak cladding temperature result remains less than 2200'F.
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TABLE 14.3.1-1
LARGE BREAK LOC~
RESULTS

Peak Clad Temperature ( F)

Computed in Analysis

Model Assessments

Case A
C~=0.4

T~(yg 609 1 F

P 2250 psia
Min. SI

2069

2069

Case B
Cp~0.6

Tg~"-609. 1 F
P=2250 psia

Min. SI

1993

1993

Case C

C~~0.8
Tg~~609. 1 F
P=2250 psia

Min. SI

1965

1965

Case D

Cp~O. 4

Tq~=586:8 F
P 2250 psia

Min. SI

2036

2036

Case E

Cp=O. 4

T„~=609. 1 F
P=2100 psia

Min. SI

2164

2164

Case F
Cp~O. 4

Tq~=609. 1 F
P~2100 psia
Min. SI

2149

2149 .

Salibrary Double Precision
— Errors

Translation of Fluid
Conditions from SATAN

LOCBART Clad Creep and Burst
Error

Current Licensing Basis

Peak Clad Location (ft)
Local Zr/H~O Reaction (Max %)

Local Zr/H~O Location (ft)

5.75

7.59

5.75

6.25

8.19

6.00

6.25

6.62

6.00

6.00

8.45

6.00

-5.0

+15.0

-9.0

2165»

6.25

14.30

6.25

6.25

12.01

6.25

'See the LOCA evaluation log maintained by the Nuclear Safety Section for temporary margin allocations.
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TABLE 14.3.1-1 (Cont.)
LARGE BREAK LOCA

RESULTS

Case A
C~~0.4

T~(yp 609 1 F
P=2250 psia

Min. SI

Case B

C()~0. 6

Tg~~609. 1 F
P=2250 psia

Min. SI

Case C

Cp=0.8
Tq~~609.1'F
P 2250 psia

Min. SI

Case D

Co 0
T~<yp=586 ''F
P 2250 psia

Min. SI

Case E

Cp~0.4
T„~~609 . 1 F
P 2100 psia

Min. SI

Case F

Cp~O. 4

T„~=609.1 F

P 2100 psia
Min. SI

Total Zr/H,O Reaction (%)

Hot Rod Busrt Time (s)

Hot Rod Burst Location (ft)

<10.

43.6

5.75

<1.0

41.8

6.00

<1.0

45.7

6.00

<1.0

46.5

6.00

<1.0

42.0

6.25

<1.0

42.0

6.25

0
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TABLE 14.3.1-1 (Cont.)
LARGE BREAK LOCA
TIME SEQUENCE OF EVENTS

Start
Reactor Trip Signal

Safety Injection Signal

Accumulator Injection
End of Blowdown

Pump Injection
"Bottom of Core Recovery

Accumulator Empty

Case A
Cg)~0. 4

TH~=609. 1
'

P=2250 psia
Min. SI

0.0

0.64

4.80

18.70

40.75

51.80

54.30

69.09

Case B

C~=O .6
T„~~609. 1'
P=2250 psia

Min. SI

0.0

0.64

4.60

13. 90

31.77

51.60

44.60

62.30

Case C

Cp=0.8 "

T„~~609. 1 F
P=2250 psia

Min. SI

0.0

0.63

4.50

11.60

28.05

51.50

41.80

48.75

Case D

Cp=0.4
TH~~586 . 8 F
P=2250 psia

Min. SI

0.0

0.55

4.40

17.80

40.61

51.50

55.30

70.09

Case E

Cp~O. 4

TH~=609. 1 F
P 2100 psia

Min. SI

0.0

0.49

4.10

18.70

39.96

51.10

54.20

68.96

Case F
Cp~O. 4

TH~~609 . 1 F

P 2100 psia
Min. SI

0.0

0.49

4.10

18.70

39.96

51.10

54.00

69.78
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TABLE 14.3. 1-2

PLANT INP T PARAMETERS USED. IN LARGE BREAK LOCA ANALYSIS

Core Power (MWt)

Peak Linear Power (kW/ft)

Total Core Peaking Factor, Fz

Hot Channel Enthalpy Rise, Factor, F,„

Maximum Assembly Average Power, P~

Fuel Assembly Array

Steam Generator Tube Plugging Level (%)

Accumulator Water Volume (ft'/tank)
Accumulator Tank Volume (ft'/tank)
Minimum Accumulator Gas Pressure (psia)

Accumulator Water Temperature ('F)

Refueling Water Storage Tank Temperature ('F)

Thermal Design Flowrate (gpm/loop)

RCS Loop Average Temperature ('F}

Nominal Initial RCS Pressure (psia)

Nominal Steam Pressure (psia)

Safety Injection Delay Time (sec)

RHR Pump Head Degradation (:)
HHS I Pump Head Degr ada t ion ( ~ )

Charging rump Head Degradation is)

Charging Pump Flow Imbalance (gpm)

RHR Cross-Tie Valve Position

102%'f 3250

102%'f 14.434

2.15

1.55

1.38

15 X 15 OFA

30

946

1350

600

100

70 - 105

83,200

553.0 and 576.3

2100 and 2250

595 and 749

15

15

10

25

Closed
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TABLE 14.3.1-3

LARGE BREAK CONTAINMENT DATA
(ICE CONDENSER CONTAINMENT)

NET FREE VOLUME

(Includes Distribution Between Upper, Lower,
and Dead-Ended Compartments)

Initial Conditions
Pressure

Maximum Temperature for the Upper,
Lower, and Dead-Ended Compartments

UC

LC
DE

IC

UC
LC
DE

746, 829 ft~
249,446 ft~
116, 168 f

t'63,713

ft'4.7

psia

100'F
120'F
120'F

Minimum Temperature for the Upper,
Lower, and Dead-Ended Compartments

UC
LC
DE

60'F
60'F
60'F

RWST Temperature

Temperature Outside Containment

Initial Spray Temperature

Spray System

70'F

-22'

70'

Runout Flow for a Spray Pump

Number of Spray Pumps Operating

3600 gpm

Post-Accident Initiation of Spray
System

Distributuion of Spray Flow to the
,Upper and Lower Conpartments

Deck Fan

LC
UC

36 sec

2700 gpm
4500 gpm

Post-Accident Initiation of Deck Fans 480 sec

Flow Rate per Fan
4

Assumed Spray Efficiency of Water from Ice
Condenser Drains

43,890 cfm per fan

100%'NIT
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TABLE 14.3.1-3 (cont'd)

STRU HEAT SINKS

wall

10

12

13

14

15

16

17

18

19

corn ar m nt

LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

UC

UC

UC

UC

UC

UC

~area f
r'2,

105

11,701

65,979

5,462

5,273

290

14,896

4,515

5,775

57,317

9,404

2,623

378

34,895

8,060

420

29,332

34,125

420

thi kn ss ft
0.0469/2.0

2.0

4.0

0.0833

0.0103

0.25

0.0078

0.1042

0.009

0.00833

0.0313

0.0313

0.0365/0.1667

0.0078

0.0208

0.0052

2.0

0.0469/2.0

0.0052

material

steel/concrete
concrete

concrete

steel
steel
lead

steel
steel
steel
steel
steel
steel

s teel/concrete
steel
steel
steel

concrete

steel/concrete
steel

UC.
LC:
DE:
IC.

Upper Compartment
Lower Compartment
Dead-End Compartment
Ice Compartment
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TABLE 14.3.1-4

MASS AND ENERGY RELEASE RATES, MAXIMUM SI

time ec

10

12

12.4

14

16

18

20

24

28

32

36

40

52

65

75

86

95

, 124

206

294

57910

48870

33500

25260

22660

19580

16980

16000

14530

a2a40

10410

9170

7010

6750

5640

3580

4390

230

280

390

810

420

400

430

330

ener BTU sec

3 . 081 (107)

2 . 542 (107)

1.762(107)

1.357(107)

1.223 (10 )

1. 096 (107)

9. 838 (10~)

9.346 (10 )

8.608 (10~)

-'7.313 (10 )

6.254 (10 )

5.472(10 )

3.871(10 )

2. 839 (10')

1.757 (10 )

7.951(10 )

9..057(10 )

1. 267 (10')

6.321(10 )

2.073 (10 )

'.884(10 )

2.464 (10 )

1.666 (10~)

1.452 (10 )

a.314(10')
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TABLE 14.3.1-5
NITROGEN MASS AND ENERGY RELEASE RATES

ime c

69.2

73.2

77.2

81.2

85.2

89.2

93.2

97.2

101.2

105.2

109.2

113.2

117. 2

121.2

125. 2

129.2

137.2

141.2

145. 2

153.2

161.2

169.2

177.2

fl w ra ibm c

231.8

166.4

120.8

87.3

62.1

42.9

28.8

19.5

14.1

9.0

7.3

5.9

4.8

3.9

3.2

2.1

1.8

1.0

0.7

0.5

0.3
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Figure 143.1-1a Reactor Coolant System Pressure
Case A,'~.4, Tho~.l'F, P=2250 psia
Donald C. Coot Unit 1
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Figure 142.1-1b Reactor Coolant System Pressure
Case B, CD&.6, Thot~.l'F, P=2250 psia
Donald C. Cook Unit 1

JULY 1997



2500

2000

KC

1500

1000
QJ

500

10 15 20
TIME (S)

25 30
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Figure 142.l-ld Reactor Coolant System Pressure
Case D, C~.4, That=586.8'F, P=2250 psia
Donald C. Cook Unit I
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Figure 143.1-1e Reactor Coolant System Pressure
Case E, CD&.4, Thot~.l'F, P=2100 psia
Donald C. Cook Unit 1
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Figure 143.1-2a Break Ho~ During Bios down
Case A, C~.4, Thot=609.1'F, P=2250 psia
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Figure 149.1-2b Break Flow During Blowdown
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Figure 143.1-2f Break Flow During Blowdown
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Table 14.3.2-7 shows the peak clad temperature obtained for the small break LOCA

analysis performed using the high head sa ety injection system cross-tie valve
closed. The table includes the application of various penalties as described
under the heading small break LOCA model assessments.

I

Main earn fet Valve Se oin Tolerance R laxa i n

Additional small break LOCA analyses were performed to support an increase in
the MSSV liftsetpoint tolerance from +/- 1'. to +/-3%. The limiting 3-inch HHSI

cross tie valves closed analysis was performed for low pressure/low temperature
(LPLT) operating conditions at a core power level of 3250 MWt, which has been
previously demonstrated to result in the most limiting peak clad temperature.
Since the basis for the limiting case determination remains valid, it was not
necessary to perform the full break spectrum. An additional 3-inch break case
initiated at low pressure/high temperature (LPHT) confirmed that the LPLT case
remained bounding, and an additional 2-inch, cross-ties closed, break was run
to provide further assurance that the limiting break size did not shift to a

smaller break. Also included in all the analyses for unit 1 was a 25 gpm

charging pump flow imbalance. The results of the limiting 3-inch break analysis
are presented in the Sequence of Events Table 14.3.2-8 and the Results Table
14.3.2-9. Results of the non-limiting 2-inch case are provided in Tables
14.3.2-10 and 14 .3.2-11. Both of these analyses were performed with the minimum

AFW flow rate of 750 gpm.

Plots of the following parameters for the LPLT 3-inch break analysis are shown

in Figures 14.3.2-41 through 14.3.2-48, and for the 2-inch break in Figures
14.3.2-50 through 14.3.2-57:

~ RCS pressure
~ Core mixture level
~ Peak clad temperature
~ Core outlet steam flow
~ Hot spot rod surface heat transfer coefficient

Hot spot fluid temperature
Cold leg break mass flow rate, and

Safety injection mass flow rate

Figure 14.3.2-49 contains the power shape which is applicable to both cases.
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The 3-inch cross ties closed case initiated at LPLT operating conditions is the
most limiting of all the licensing basis small break analyses. Application of
a burst and blockage penalty results in a peak clad temperature of 2068'F, which

remains less than the 2200'F limit.

a t S Va ve Se pe ce at o t e t o

An additional small break LOCA analysis was performed to support an increase in
the MSSV liftsetpoint to'lerance from glX to ~3X for operation at 3588 MWt with
the HHSI cross-tie valves open. The analysis was performed for the LPLT

operating condition which was previously demonstrated to be the most limiting
condition. The analysis was also performed for the previously limiting 3-inch
break, since the analysis for 3250 MWt indicated that the limiting break would

not shift to a smaller size.

The ~3X MSSV setpoint tolerance analysis at 3588 MWt with the HHSI cross-ties
open was performed using the same total core peaking factor and steam generator

I

tube plugging level used in the analysis for 3250 MWt with the HHSI cross-ties
closed. The minimum value for AFW flowrate, 750 gpm, was used for this case.

However, some of the other conditions were changed for the analysis at 3588 MWt

with the HHSI cross-tie valve open. The diesel generator start time was .

increased from 10 to 30 seconds. Since a loss of offsite power is assumed in
the design baa. LOCA analysis, this change results in a total delay of 47

seconds from t..: time of safety injection actuation until pumped safety
injection flow to the RCS begins, and 80 seconds from the time that offsite
power is lost until auxiliary feedwater flow begins. The safety injection flow
rates with the HHSI cross-tie valves open have also been revised to reflect an

increase from 10 to 15X degradation of the HHSI pump performance curve. The

centrifugal charging pump assumptions of 10X pump head degradation and 25 gpm

flow imbalance were maintained. The analyzed core power axial offset was

reduced from +30X to +20X and the hot assembly average power peaking factor
(P~) was'educed from 1.433 to 1.38, which 'makes the, analysis more consistent
with anticipated core designs.

The small break LOCA analysis was performed with the Westinghouse Small Break

LOCA ECCS Evaluation Model using the NOTRUMP computer code (References 1'nd 2),
including the recent changes in Reference 13 to incorporate modeling of safety
injection into the broken loop and the COSI condensation model. Previously,
safety injection into the broken loop was not modeled in the Westinghouse small
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break LOCA analyses since it was assumed that the additional safety injection
would be a benefit. Because recent studies have shown that the response to
broken loop safety injection can result in an increase in the calculated PCT,

4

modeling of safety injection into the broken loop has now been incorporated into
the NOTRUHP small break evaluation model. The limiting break location was

established to be the bottom,.of the cold leg, and the safety injection branch
lines join the RCS at higher elevations of the cold legs. Therefore, the

injection branch lines would deliver ECCS flow to the broken loop. A more

realistic model for condensation of steam by pumped safety injection based on

data from the COSI test facility has also been incorporated, which provides a

benefit larger than the penalty for safety injection in the broken loop. The

COSI condensation model was applied to the pumped safety injection to the broken

loop and to the lumped intact loop in the NOTRUHP.code'.

The. results of the analysis are presented in the Sequence of Events Table

14.3.2-12 and the Results Table 14.3.2-13.

Plots of the following parameters for the analysis are shown in Figures
14.3.2-58 through 14.3.2-65:

~ RCS pressure
~ Core mixture level

Peak clad temperature
~ Core outlet steam flow
~ Hot spot rod surface heat transfer coefficient
~ Hot spot fluid temperature
~ Cold leg break mass flow rate, and

~ Safety injection mass flow rate

Figure 14.3.2-66 contains the power shape which was used for the analysis.

a

As shown in Table 14.3.2-13, the calculated peak clad temperature is 10474F

which is significantly less than the 22004F limit. Because the beginning of
life calculated peak clad temperature is low enough to preclude rod burst and

a Zr/H,O reaction temperature excursion following burst, no-burst and blockage

penalty is applied. The PCT of 10474F for operation at 3588 NMt is also

significantly less than the value of 20684F calculated for operation at 3250

MQt. The reduction in the PCT for the 3588 MMt case relative to the 3250 MWt

case is attributed to the higher SI flow at the increased power with the HHSI
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cross-tie valves open, the COSI condensation model.. The use of reduced axial
offset and reduced P~ also contributed to the PCT reduction. These results
demonstrate that the smail break LOCA analysis for 3250 MWt with the HHSI cross-
tie valves closed bounds the case for 3588 MWt with the cross-tie valves open.

30 S an n rat r Tub Plu in An l sis

An additional small break LOCA analysis was performed to support an increase in
steam generator tube plugging level from 15% to a maximum of 30% in each steam

generator. The analysis was performed for the limiting 3-inch break for reduced

temperature and reduced pressure operating conditions with the HHSI cross-tie
valves closed and a core power level of 3250 MWt, which was previously
demonstrated to result in the most limiting clad temperature. An evaluation of
the basis for the limiting case determination was performed and it was concluded

that it was not necessary to perform a full break spectrum.

In addition to 30% steam generator tube plugging, some other changes were also
included in the analysis. A diesel generator start time of 30 seconds was used,
which results in a total delay of 47 seconds from the time of safety injection
actuation until pumped safety injection flow. to the RCS begins, and 80 seconds

from the time that offsite power is lost until auxiliary feedwater flow begins.
The safety injection flow rates with the HHSI cross-tie valves closed were

revised to reflect an increase from 10 to 15% degradation of the HHSI pump

performance curve. The centrifugal charging pump assumptions of 10% pump head

degradation and 25'gpm flow imbalance were maintained. 'Also included in the
analysis is a new core power shape based on an axial offset. of +20% and a hot
assembly average power facto (P~) of 1.38, and an evaluation of up to 5c RCS

loop flow asymmetry.

The analysis for 30% steam generator tube plugging modeled safety injection into
the broken loop and used the more realistic COSI 'condensation model in the
NOTRUMP Evaluation Model as described in Reference 13. The pumped safety
injection flow and the accumulator flow to the broken loop were modeled, and the

COSI condensation model was applied to the pumped safety injection to the broken

loop and to the lumped intact loop.

The results of the 3-.inch break analysis are presented in the Sequence of Events

Table 14 '.2-14 and the Results Table 14.3.2-15.

,
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Plots of the following parameters for the 3-inch break analysis are shown in
Figures 14.3.2-67 through 14.3.2-75.

RCS pressure

Core mixture level
Hot Spot Clad Temperature

Core Outlet Steam Flow

Hot spot rod surface heat transfer coefficient
Hot spot fluid temperature

Cold leg break mass flow rate
Broken loop safety injection mass flow rate, and

Lumped intact loop safety injection mass flow rate

Figure 14.3.2-76 contains the power shape used in the analysis.

Due to the modeling of safety injection in the broken loop with the COSI

condensation model change, in conjunction with the reduced peaking factors, the
PCT for the 30% steam generator tube plugging small break LOCA analysis is lower
than for the previous small break analyses at 3250 MWt with the HHSI cross-tie
valves closed. Because no rod burst was calculated to occur and the beginning
of life calculated peak clad temperature is low enough to preclude a Zr/H,O
reaction temperature excursion following burst, no burst and blockage penalty
is applied. The resulting total peak clad temperature of 1443'F is less than
the 2200-F limit.

SBLO A M d 1 As es men s

10 CFR 50.46(a)(3) requires the record keeping and reporting of changes in LOCA

evaluation models and of changes in the application of these models. Table
14.3.2-7 shows the peak clad temperature obtained for the small break LOCA

analysis for both the high .head safety injection cross-tie open and closed
cases. The various changes to the evaluation models shown in the table are
taken from references 15, and 16. The peak clad temperature result for all
cases remains below 2200 F.
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Table 14.3.2-7

SAMLL-BREAK LOSS OF COOLANT ACCIDENT
10 CFR 50.46 ASSESSMENT RESULTS PEAK CLAD TEMPERATURE

WITH HHSI CROSS-TIE VALVES CLOSED
(Reference Tables 14.3.2-14 and 14.3.2-15)

~Prame er

Analysis PCT

Prior LOCA Assessments ~PCT

1. NOTRUMP Specific Enthalpy Error, ~PCT

2. SALIBRARY Double Precision Errors, n,PCT

3. SBLOCTA Fuel Rod Initialization Error, ~PCT

LICENSING BASIS PCT + PERMANENT ASSESSMENTS, PCT

V~lue'443'F

+20'

-15 F

+10'F

1458'F

Evaluation Model: NOTRUMP, FQ 2.32, Fn,H 1.55, SGTP 30%, 3250 MWt
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TABLE 14.3.2-8

M S UENCE OF EVE S or CONDIT 0 I EVE S

Small-break Loss of Coolant Accident

(3" Break, LPLW, HHSI Cross-ties Closed)

Main steam safety valve setpoint tolerance increase case at 3250 MMt core
power.

Extent

Break Occurs
Reactor trip signal
'Safety injection signal
Start of safety injection
Start of auxiliary feedwater delivery
Loop seal venting
Loop seal core uncovery
Loop seal core recovery
Boil-off core uncovery
Accumulator injection begins
Peak clad temperature occurs
Top of core covered
SI flow rate exceeds break flow rate

Time sec

0.0
8.64
17.13
44.13
68.6
592

NA

NA

984

1680

1890

NA

1890

*LPLT is low pressure, low temperature operating condition.
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TABLE 14 . 3 . 2- 14

TIME E UEN E OF EVENTS FOR ONDITION III EVENT

30%'TEAM GENERATOR TUBE PLU GING ANALYSIS

AT 32 0 MWT WITH HHSI ROS -TIE VALVE CLOSED

Small-br ak Los f oolant Accident

~Ev n

Break occurs

Reactor trip signal
Safety injection signal
Start of safety injection
Start of auxiliary feedwater delivery
Loop seal venting
Loop seal core uncovery

Loop seal core recovery
Boil-off core uncovery

Accumulator injection begins
Peak clad temperature occurs

Top of core recovered

Combined pumped SI flow rate exceeds
break flow rate

~Tim eec
Reduced Temperature, Reduced Pressure

3-inch break

0.0

8.8

17.4

64.4

88.8

528

NA

NA

1054.

1648

1748

2995

1856
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TABLE 14.3.2-15

SMALL-BREAK L SS OF COOLANT ACCIDENT CAL ULATIONS

0%'EAM GENERATOR TUBE PLUGGING ANALYSIS

AT 32 0 MWT WITH HHSI CRO S-TIE VALVES CLO ED

RE ULTS

NOTRUMP Peak Clad Temperature ('F)

Peak Clad Temperature Location (ft)
Peak Clad Temperature Time (sec)

Local Zr/H,O Reaction Maximum (0)

Local Zr/H~O Reaction Location (ft)
Total Zr/H,O Reaction (0)

Rod Burst

Burst and Blockage Penalty

Total Peak Clad Temperature ('F)

Reduced Temperature, Reduced Pressure
3-inch break

1443 F

11.5

1748

<1.0

(1.0
None

None

1443'F

CALCULATICV:

NSS Power (MWt) 102% of
Peak Linear Power (kw/ft) 102% of
Hot Rod Power Distribution (kw/ft)
Accumulator Water Volume (ft')

3250"

14.87

See Figure 14.3.2-76

Does not include pump heat
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Hot Spot Clad Temperature (3 Inch, 30% SGTP)
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Broken Loop Safety Injection Mass Floe Rate (3!nch, 30% SGTP)
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Lumped Intact Loop SI Mass Flow Rate (3 Inch, 30% SGTP)
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14.3.4~ ~ CONTAINMENT INTEGRITY ANALYSIS

14.3.4. 1 CONTAINMENT STRUCTURE

14.3.4.1.1 Desi Basis

The steel-lined, reinforced concrete containment structure, including
foundations, access hatches, and penetrations is designed and constructed to
maintain full containment integrity when subjected to accident temperatures
and pressures, and the postulated earthquake conditions. Details of the
Containment System, including General Design Criteria, are described in
Chapter 5.

The containment design internal pressure is 12 psig. The effects of pipe
rupture in the primary coolant system, up to and including a double-ended
rupture of the largest pipe as well as a rupture of the main steam line, are
considered in determining the peak accident pressure.

The internal structures of the containment vessel are also designed for
subcompartment differential accident pressures. The accident pressures
considered are due to the same postulated pipe ruptures as described for the
containment vessel.

The other simultaneous loads in combination with the accident pressures, and
the applicable load factors, are presented in detail in Chapter 5.

The functional design of the containment is based upon the following accident
input source term assumptions and conditions:

The design basis accident blowdown mass and energy is put into the
containment.

2. The hot metal energy is considered.

A reactor core power of 102% of 3413 MWt thermal power is used for
decay heat generation.

4, Minimum Engineering Safety Features performance is assumed based
upon the limiting single failure criterion.
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The ice condenser is designed to limit the containment pressure below the

design pressure for all reactor coolant pipe break sizes up to and including a

double-ended severance. Characterizing the performance of the ice condenser

requires considerati.on of the rate of add'zion'of mass and energy to the
containment, as-well as the total amounts of mass and energy added. Analyses
have'hown that the accident which produces the highest blowdown rate into the
ice condenser containment results in the maximum containment pressure rise.
That accident is the double-ended severance of a reactor coolant pipe.

Post-blowdown energy releases can also be accommodated without exceeding the
.containment design pressure.

14.3.4.1.2 Desi, n Features

The reactor containment 's a rein orced concrete structure consist'ng of a

vertical cvlinder, a hemispher''cal dome and a f'at base. The interior is
I

divi.ded into three vol ..es. a 'o-er .ol 'me which houses the reactor and
Reactor Coolant System. an '-..termediate vol -..e housing the energy absorb .".-

ice bed in which steam is condensed and an upper volume which accommodates the
air displaced from the other "wo volumes during a design basis pipe break
accident.

The tvpe oE containment sed:or the Donald C. "ook ':.".'s 1 and 2 was selected
for the following reasons:

}.. The Ice Condenser "ontainment can accept '.-rge amounts of energy
and mass inputs and maintain 'ow internal p essures and leakage
rates. A particular advantage of the ice "ondenser is i"s pass've
design not requ'ring an ac"ua='on signal.

2. The Ice Condenser Containment combines the required integrity,
compact size, and carefully" considered advanced design desirable
for a nuclear stat on.

Consideration is given to subcompartment differential pressure resulting rom
a design basis accident. an acc'' e..t -.ere to occur due to a pipe rupture
in one of these relative small volumes, the pressure would build up a" a
Easter rate than in the containment, thus imposing a different al pressure
across the wall of -he str "ture. Section 14.3.4.2. "Containment
Subcompartments", presents =he subcompartmen" d'fferential pressure analvses.

I

The Ice Condenser Containment, '.'ncorporati..g arced circulation oE the
containment atmosphere together wi=h t..e containment spray system, ensures the
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During the blowdown transient, steam and air will flow through the ice
condenser doors and also through the deck bypass area into the upper
compartment. For the containment the bypass area is composed of two parts, a
known leakage area of 2.2 ft2 with a geometri.c loss coefficient of 1.5 through
the deck drainage holes location at the bottom of the refueling cavity, and an
undefined deck leakage area with a conservatively small loss coefficient of
2.5. Leakage through the backdraft damper of the air return fans was
determined to be 0.18 sq. ft./damper and was considered in the known leakage
area. A resistance network similar to that used in TMD is used to represent 6
lower compartment volumes, each with a representative portion of the deck
leakage and the lower inlet door flow resistance adjacent to the lower
compartment element. The inlet door flow resistance and flow area are
calculated for small breaks that would only partially open these doors.

The coolant blowdown rate as a function of time is used with this flow network
to calculate the differential pressures on the lower inlet doors and across
the operating deck. The resultant deck leakage rate and integrated steam
leakage into the upper compartment are then calculated. The lower inlet doors
are initially held shut by the cold head of air behind the doors
(approximately 1/2 - 1 pound per square foot). The initial blowdown from a
small break opens the doors and removes the cold head on the doors. With the

'oordifferential pressure removed the door position is slightly open. An
additional pressure differential of one pound per square foot is then
sufficient to fully open the doors. The nominal door opening characteristic
are based on test results.

One analysis conservatively assumed that flow through the postulated leakage
paths is pure steam. During the actual blowdown transient, steam and air
representative of the lower compartment mixture would leak through the holes;
thus less steam would enter the upper compartment. If flow were considered to
be a mixture of liquid and vapor, the total leakage mass would increase but
the steam flow rate would decrease. The analysis also assumed that no
condensing of the flow occurs due to structural heat sinks. The peak air
compression in the upper compartment for the various break sizes is'assumed
with steam mass added to this value to obtain the total containment pressure.
Air compression for the various break sizes is obtained from previous full
scale section tests conducted at Waltz Mill.
The allowable leakage area for the following Reactor Coolant, System break
sizes was determined: DE, 0.6 DE, 3 ft2, 8 inch diameter, 6 inch diameter,
2.5'inch diameter, and 0.5 inch diameter. For break sizes 3 ft2 and above a
series o'f deck leakage sensitivity studies was made to establish the total
steam leakage to the upper compartment over the blowdown transient. This
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steam was added to the air in the upper compartment to establish a peak
pressure. Air and steam were assumed to be in thermal equilibrium, with the
air partial pressure increased over the air compression value to account for
heating effects. For these breaks, sprays were neglected. Reduction in
compression ratio by return of air to the lower compartment, was conservatively
neglected. The results of this analysis are shown in Table 14.3.4-2. This
analysis is confirmed by waltz Hill tests conducted with various deck leaks
equivalent to over 50 ft2 of ceck leakage for the double ended blowdown rate.

For breaks 8 inches in d'ameter and smaller, the effect of containment sprays
was included. The method used is as follows: For each time step of the

'blowdown the amount of steam leaking into "he upper compartment was calculated
to obtain the steam mass in the upper compartment. This steam was mixed with
the air in the upper compar"ment, assuming thermal equilibrium with air. The
air partial pressure -as '.".'creased to account for a'r heating effects. After
sprays were initiated, the pressure was calculated based on the rate of
accumulation of steam in "he pper compartment. Red ction in press~re due to
operation of the air rec'rc"la=''on ans has been conservatively neg'ected.

This analysis was conduc "ed:or the 8 inch, 6 inch and 2-1/2 inch break sizes
assuming two spray pumps'ere opera=ing (4000 gpm a" 80'F). As shown in
Table 14.3.4-2, the 8 inch break 's the lim'ting cas= =or this range of break
sizes although the 0.6 DE is the 1'miting case for ='.".e entire spectrum of
break sizes. Vith one spray p'i ..p operating (2000 gp.-. at 80'F) the limiting
case or the entire spec-". .. of break s zes, is =he 8 '...ch case and results in
an allowable deck leakage area of approx'ma"elv 35 ft".

A second, more realistic, met?:od -as-used to ana'vze:h's limit'ng case. Th's
analysis assumed a 30 percen" air ~ 70 percent steam mixture flowing through
the deck leakage area. This is conserva" ve consider'ng the amoun" of air in
the lower compartment during th's portion of the transient. Operation of the
deck fan would increase the a'r content of the 'ower compartment, thus
increasing the allowable deck leakage area. Bas-0 on the LOTIC Code analysis
a structural heat removal rate of over 8000 BTI:/sec from the upper compartment
is indicated. Therefore a steam conde..sation rate of 8 lb/sec was used for
the upper compartment. The resu'"s indicated that w''th one spray pump
operating and a deck leakage area of :6 i"", the peak containment pressure
will be bel,ow design :cr "'.".=- 'nch case,

The 1/2 inch diameter break is no" sufficient to open =he ice condense" 'nle=
doors. For this break, e't'.-.er "he 'ower com"ar=,.en o he upper compartment
sprav is sufficient to condense the break s"earn f'ow.
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Tn conclusion, it is apparent that there is a substantial margin between the
design deck leakage area and thac which can'e tolerated without exceeding
containment design pressure.

ect o Dead-ended Vo'.umes

There are several dead-ended compartments in the plant containment design-
which are connecced to the 'ower compartment. The dead-ended volumes
considered in che followirg analysis are the instrumentation room and the pipe
trench. Additional study has shown chat che Can accumulator rooms would also
act as dead-ended volumes. Since the addition of dead-ended volume reduced
peak compression pressure. the resu: "s preserced for -'".e following analysis
are conservat've.

ln ..e preceding ana sis of he aorta'nmenc compression ratio, i" s
conservatively assumed that only steam: ows 'nco the dead-ended volumes
dur'ng che reactor coo'anc system blowdo m. '."'.owever, the results of certain
fu~l-scale section tests, whxch contai..ed dead-ended ':olumes, shoved that some
air flowed into these :ol "..es ard rema'red "here durx ng che blowdown period,
thus reduc'ng the mass compression ratio or che containment. For example,
one '«alcz 'Hill test was r ".. '-"'".". t?.e 'ower hemisphere of the receiver vessel
vented to che 'ower compartment. From an air balance oerformed from pressure
and temperature measuremencs a- he t'me of peak corn=cession pressure
(9.6 psig), x t was found "hat the racio of =he char.-=- xn air mass co the
inicial mass in the dead-ended;ol me "as:

~ 0.18
40

This change in a'r mass 's chen correc:ed:or he lo-'er compression peak
pressure of the plant design to give:

~ 0.18x ' ~ 0 15
pxxg

The storage of air in the dea'd-e..ded:o'..es "..as che effect of reducing the
mass oC air stored in che downstream volumes ac che ='me of che compression
peak pressure.

The compression ra"io Cor =he Cook ."uc'ear p"anc cak ng '.nco account the dead-
ended volumes is found Crom che following:

V ~V +V 0 15V
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where:
V~ Dead-ended volumes (instrument room and pipe trench)

.Substituting the original design basis compartment volumes, which preceded
those shown in Table 14.3.4-1, the compression ratio calculated from
Equation (5) is:

1, 179, 636 — 0. 15 x 61, 702
745,896 + 0.645 x 126,940

C~ ~ 1.41

The final peak pressure is:

Pg ~ 15.0 (1.41) 1 13 + 0.4

P, 22.5 psia or 7.8 psig

Therefore, the effect of the dead-ended volume of 61,702 ft3 is to decrease
the final peak compression pressure by 0.2 psig. The magnitude of this effect
was further substantiated by a series of tests at Waltz Hill which were run at
a mass compression ratio cl'osely representative of the Cook plant design.,
Tests were run with and without a dead-ended volume equivalent to 155,000 ft3
for the containment design. In these tests, the effect of the dead-ended
volume was measured to be 0.5 psig, which is equivalent to a 0.32 psi decrease
in,final peak pressure per 100,000 ft3 of dead-ended volume.

L n T rm C n inm n Pr sure An l si

Early in the ice condenser development program it was recognized that there
was a need for modeling of long term ic'e condenser containment performance.It was realized that the model would have to have capabilities comparable to
those of the dry containment (COCO Code) model. These capabilities would
permit the model to be used to solve problems of containment design and
optimize the containment and safeguards systems. This has been accomplished
in the development of the LOTIC Code.(1)

The model of the containment consists of five distinct control volumes, as
follows: the. upper compartment,'the lower compartment, the portion of the ice
bed from which the ice has melted, the portion of the ice bed containing
unmelted ice, and the dead ended compartments. The ice condenser control
volume with unmelted ice is further subdivided into six subcompartments to
allow for'aldistribution of break flow to the ice bed.

P
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The conditions in these compartments are obtained as a function of time by the

use of fundamental equations solved through numerical techniques. These

equations are solved for three distinc" phases in time. Each phase

corresponds to a distinct physical characteristic of the problem. Each of
these phases has a unique set of simplifying assumptions based on test results
from the Waltz Hill ice condenser test facil'ty. These phases are the
blowdown period, the depressurization period, and the long term.

Th'e most significant simplification of the problem is the assumption that the
total pressure in the containment is uniform. This assumption is justified by
the fact that after the initial blowdown of the Reactor Coolant System, the
remaining mass and energv re'eased from this svstem into the containment are
small and very slowlv changing. T'h e result'ng flow rates between the control
volumes will also be re at've'y smal'.hese small flow rates are unable to
maintain significant pressure d.'":erences between he compartments.

I

In the contro volumes. "h'ch are a'"avs assumed to be saturated, steam and
air are assumed to be ni orm ': m'xed and a" the control volume temperature.
The air is considered a per=ec" gas and the thermodynamic properties of steam
are taken from the ASHE steam tables.

Peak Containment ?ress~ re Transient

The following are the ma!or nput assumpt'ons used '". =he LOTIC analvsis for
the pump suction pipe rupture case wi"h the steam ge.".=rators considered as an
active heat source for =he Qonald C; Cook Units 1 and 2 containments:

1. Hinimum safeguards are employed in all calculations, e.g., one of
two spray pumps and one of two spray heat exchangers; one of, two
residual heat removal pumps and one of two residual heat removal
heat exchangers with cross-t'e :alves closed providing flow to the
core; one of two safety inject'on pumps and one of two centrifugal
charging pumps; and one of two ai" return fans.

2.11 x 106 pounds of ice 'nit'al'v in the '.'ce condenser which is at
14'F. This tempe a" re assi."..".-'an maximizes the air mass in the
ice condenser and 's conser:at.ve -ith respect to the 27'F
Technical Spec

' '
a t'' on

3. The blowdo-m, ref lood, and oos" ref lood mass and energy releases
described '".. Sect'on 14.3.4.3. 1 were used.

Unit 1 I
~ ~ y 4 j~ 3 July, 1992



Blowdown and post blowdown ice condenser drain temperatures of
190'F and 130 F are used. (These numbers are based on

'Reference 2.)

Nitrogen from the accumulators in the amount of 4510 pounds is
included in the calculations.

Essential service water temperature of 87.5'F is used for the
spray heat exchanger and the component cooling heat exchanger.

The air return fan is effective 10 minutes after the transient is
initiated.

No maldistribution of steam flow to the ice bed is assumed.

No ice condenser bypass is assumed. (This assumption depletes the
ice in the shortest time and is thus, conservative.)

10. The initial conditions in the containment are temperatures of 57'F
in the upper, 60 F in the lower, 60'F in the dead ended and 14'F
in the ice bed volumes. "All volumes are at a pressure of 0.3 psig
and 15 percent relative humidity, with the exception of the ic'e
bed, which is at 100 percent relative humidity.

During the injection phase wh'en the containment spray pumps are
taking suction from the RWST, spray pump flow of 2075 gpm is used
for the upper compartment and 1006 gpm for the lower compartment.
During the recirculation phase when the containment spray pumps
are taking suction from the sump, containment spray flow to the
upper compartment is 2136 gpm, containment spray flow to the lower
compartment is 1025 gpm.

12. RHR spray initiation is assumed after switchover from injection to
recirculation has been completed and containment pressure is
greater than or equal to 8 psig. A residual containment spray
flowrate of 2000 gpm is used.

13. Containment structural heat sink data are assumed with
conservatively low heat transfer rates, and may be found in
Table 14.3.4-4.

14. The operation of one containment spray heat exchanger (UA 3.107
x 106 BTU/hr-'F) for containment cooling and the operation of one

a
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residual heat removal heat exchanger (UA

for core cooling. The component cooling
modeled at 3.58 x 106 BTU/hr-'F: "

2.22 x 106 BTU/hr oF)
heat exchanger was

15. The air return fan returns air at a rate of 39,000 cfm from the
upper to lower compartment.

16. An active sump volume of 40,600 ft3 is used.

17. The refueling water storage tank is at a temperature of 105'F.

18. 102% of 3413 MNt power is used in the. calculation.

19. Credit is taken for subcooling of the ECC water from the RHR heat
exchanger.

20. Essential service water flow to the containment spray heat
exchanger was modeled as 2000 gpm. The essential service water
flow to the component cooling heat exchanger was modeled as
5000 gpm. The component cooling flow to the RHR heat exchanger
was modeled as 5000 gpm. I

With these assumptions, the heat removal capability of the containment is
sufficient to absorb the energy releases and still.keep the maximum calculated
pressure well below design.

The following plots are provided:

Figure 14.3.4-6, Containment pressure transient.

Figure 14.3.4-7, Upper compartment temperature transients.

Figure 14.3.4-8, Lower compartment temperature transients.

Figure 14.3.4-9, Active 'and inactive sump temperature transient.

Figure 14.3.4-10, Ice melt transient.
I

In addition, Table 14.3.4-5 gives energy accountings at various points in the
transient.

The analysis results show that the maximum calculated containment pressure is
11.49 psig, for the double-ended pump suction minimum safeguards case. This

r
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pressure peak occurs at approximately 7752 seconds, with ice bed meltout at
approximately 5423 seconds.

Stru tural Heat Remov 1

Provision is made in the containment pressure analysis for heat storage in
interior and exterior walls. Each wall is divided into a number of nodes.
For each node, a conservation of energy equation expressed in finite
diffeience form accounts for transient conduction into and out of the node and
temperature rise of the node. Table 14.3.4-4 is a summary of the containment
structural heat sinks used in the analysis. The material property data used
are found in Table 14.3.4-6.

The heat transfer coefficient to the containment structures is based primar'ily
on the work of Tagami. An explanation of the manner of application is given
in Reference (4) .

When applying the Tagami correlation, a conservative limit was placed on the
lower compartment stagnant heat transfer coefficients. They were limited to
72 BTU/hr-ft2. This corresponds to a steam-air ratio of 1.4 according to the
Tagami correlation. The imposition of this limitation. is to restrict the,use
of the Tagami correlation within the test range of steam-air ratios where the
correlation was

derived.'elevant

Acceptance Criteria

The LOCA mass and energy analysis has been performed in accordance with the
criteria shown in the Standard Review Plan (SRP) section 6.2.1.3. In this
analysis, the relevant requirements of General Design Criteria (GDC) 50 and 10
CFR Part 50 Appendix K have been included by confirmation that the calculated
pressure is less than the design pressure, and because all available sources
of energy have been included, which is more restrictive than the old GDC
criteria, appendix H of the original FSAR, to which the Donald C. Cook Plants
are licensed. These sources include: reactor power, decay heat, core stored
energy, energy stored in the reactor vessel and internals, metal-water
reaction en'ergy, and stored energy in the secondary system.

Although the Donald C. Cook Nulcear Plant is not a Standard Review Plan plant,
the contianment integrity peak pressure analysis has been performed in
accordance with the critieria shown in the SRP section 6.2.1.1.b, for ice
condenser containments. Conformance to GDC's 16, 38, and 50 is demonstrated
by showing that the containment design pressure is not exceeded at any time in
the transient;. This analysis also demonstrates that the containment heat
removal systems function to rapidly reduce the containment pressure and
temperature in the event of a LOCA.

Conclusions

Based upon the information presented for the Steam Generator Tube Plugging
Program, it may be concluded that operation with the revised plant conditions
and increased operating margins for the Donald C. Cook Nuclear Plant is
acceptable. Operation with the RHR crosstie valve closed was also shown to be
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more limiting than operation with the valve open since there is less safety
injection water availabel for steam condensation. Operation with the revised
plant conditions, increased oeprating margins and the RHR corsstie valve
closed results in a calculated peak containment pressure of 11.49 psig, as
compared to the design pressure of 12.0 psig. Thus, the most limiting case
has been considered, arid has been demonstrated to yield acceptable results.

14.3.4.1.3.2 Steam Line Break

Following a steam line break in the lower compartment of an ice condenser
plant, two distinct analyses must be performed. The first analysis, the short
term pressure analysis, has been performed with the TMD Code. The second
analysis, the long term analysis, does not require the large number"of nodes
which the TMD analysis requires. The computer code which performs this
analysis is the LOTICiS~ Code.

The LOTIC Code includes the capability to calculate .the superheat conditions,
and has the ability to begin calculations from time zero.,~6i 7 8~ The major
thermodynamic assumption which is used in the steam break analysis is complete
re-evaporation of the condensate under superheated,condition's for large
breaks. For the most limiting small breaks, no re-evaporation is assumed;
however, convective heat transfer as detailed in Reference (7) is used. The
version of the LOTIC Code which incorporates the above is the LOTIC3 Code.<9~
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This code was used to perform the steam line break analyses and is the version
which has been accepted for this use.~10 11~

P ak n inm n T m era re Tran ien

The following are the major input assumptions used in the LOTIC3 steam break
analysis:

1. Minimum safeguards are employed, e.g., one of two spray pumps and
one of two air return fans.

2. The air return fan is effective 10 minutes after the high-high
containment 'ressure 'signal is read.

3. A uniform distribution of steam flow into the ice bed is assumed.
1

4. The total initial ice mass used water 2.11 x 10~ lbs.

5. The initial conditions in the containment are a temperature of
120'F in the lower and dead ended volumes, a temperature of 57'F
in 'the upper volume, and a temperature of 27 F in the
ice condenser. All volumes are at a pressure of 0.3 psig and a
relative humidity of 15<.

6. A spray pump flow of 2075 gpm is used 'in the upper compartment and
1006 gpm in the lower compartment. The spray initiation time
assumed was 115 sec. after reaching the high-high setpoint.

The refueling water storage tank temperature is assumed to be
1050F.

8. The essential service water used on the spray heat exchanger and
the component cooling water heat exchanger is modeled at a
temperature of 87.5'F.

9. , Containment structural heat sinks as presented in Table 14.3.4-4
,were used.

10. The air return fan empties air at a rate of 39,000 cfm from the
upper to the lower compartments.

11. The material property data given in Table 14.3.4-6 were used.
C
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12. The mass and energy releases given in Tables 14.3.4-7 and 14.3.4-B
were used. Since these rates are considerably less than the RCS
double ended breaks, and their total integrated energy is not
sufficient to cause ice bed meltout, the containment pressure
transients generated for the previously presented double ended
pump suction RCS break is considerably more severe.

13. The heat transfer coefficients to the containment structures are
based on the work of Tagami. An explanation of their manner of
application is given in References (4, 6 and 7).

Results

The results of the analysis are presented in Table 14.3.4-9. The worst case
of the double ended steam line'reaks was a 1.4 ft2 break, occurring at 102>
power with main steam line isolation valve failure (MSIV) . This temperature
transient is shown in Figures 14.3.4-11-A and 14.3.4-11-B.

The results from the steam line split ruptures (or small breaks) are presented
in Table 14.3.4-10. The worst case for these cases was a 0.942 ft2 small
break, occurring at 30% power, with a MSIV failure. A temperature transient
of this case is presented in Figures 14.3.4-12-A and 14.'3.4-12-B.

I

parameter studies have been performed as part of previous analyses, varying
the ice mass between 2.0 and 2.45 million pounds. These previous ice mass
parameter studies have shown that the maximum'ontainment calculated
temperatures are not sensitive (less than 1'F change) to these ice mass
changes.

S nsitivit of th Resul

The previous section pertains to the steam line break analysis and its
subsequent response in identifying the limiting small break. The following
evaluation describes additional sensitivity studies of a generic nature, done
for breaks smaller and up to 0.942 ft2 at 30~ power(12) .

The LOTIC-3 computer code was employed in the generic analysis. The EOTIC-3
computer code(9) was found to be acceptable for the analysis of steam line
breaks with the following restrictions:

a. Mass and energy release rates are calculated with an approved
model.
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ITEN

Structural
design

Original base

PEAK DIFFER.
PRESSURE
DP(1-25j
DP[6-25!

16.6 psi

14.1

ps'EAK

DIFFER.
PRESSURE
DP[2-25!
DP<5-251

12.0 psi

10.5 psi

PEAK DIFFER
PRESSURE

DP(7,8,9 TO

25)

12.0 psi

8.2 psi

PEAK
PRESSURE

SHELL
P40, P45

12.0 psi

10.8 psi

New base

New total

16.8
ps'8.7ps.'2. 2 psi

13.0 psi

10.7 psi

11.2 psi

13.1 psi

14.0 psi

Addit'onal'v, the peak ca " a=ed press"re for the internal shell
elements 41-44 and the "eak "alcu a=ed differentia'ressure across the
operating deck for e'.emen=s 3 and -'ere be.o" =he 12.0 psi. structural design
value.

The previou"- v mentic.-.ed "=-'" 'a=e" " essures and d'~erentlal pressures

r
exceed the iginal s=r c='a'esign basis. The structural adequacy of this
compartment as evaluated s'.".g a=ce =ance cr'er a = nd in Section 5.2.2.3
of the FSAR and was confirmed.

w

Early sensitivity stud''es, '' ustra=ed ™ Table 14.3 --21 (see
Sec"ion 14.3.4.2.3, "Sens'". '=,'tudies" ) ~ demcnstra=ed the effects of
changes '.. certa ".. :ar'ables on he c"erat'n- deck d f=erential pressure and
the she 1 pressure. ;he purpose o= ha" s: "': "as to 'ustrate the
sensitivitv of t..e T.!D code res =s =o d i:erent inpu: and assumption
conditions and to '''; strate the '"..heren" a"a';s''s co.".servatism. The purpose
f the tables "as not to su"".; a.. extrapo.ation too'or all subcompartments

since the "ork "as done or a spec fic s bcc.-..partment anc trends mav be
different for other compartmen=s. Fo" example. the e ec" of in'tial
compartment pressure on the peak ". f=erent'a "ressure can be either a benefi-
or a penalty depend'ng upon =he 'o" reg"me be-ore and during the peak.
Additionallv, if the peak """ rs ia"er 'n "'me :he trend will be geometrv
dependent. Tha" is. t..e "er='ne"..t downstream e ament -'c ' pressuri e

fferen- y based pon s"ec'='c ke: :ar'ab'es. such as i'ow areas and
resis"ance into and o = ot =.-.=- e'e.—..ent. A "".-..'"'"..-= "".. c= both son'c and
subsonic flow reg'me per'""s "" '" occ ". o:e" ".he to=a transient. Since
new analysis is sufficient v '=erent hen co.-..=ared "o the o" iginal
sensi" ivity basis, .ab'e '-."..'2'hou'" ""..': ' sed for guidance.
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14.3.4.2.3.5 Short Term Containment Analysis Conclusions

The results of the short-term containment analyses and evaluations for the
'Cook Nuclear Power Plants demonstrate that, for the pressurizer enclosure, the
fan accumulator room and the steam generator enclosure, the resulting peak
pressures remain below the allowable design peak pressures. For the loop
compartments, the peak calculated pressures are higher than the FSAR design
allowables; for these areas; structural evaluations were performed for these
compartm'ents for the revised peak pressures. The structural adequacy was

confirmed through evaluations using Section 5.2.2.3 of the FSAR as acceptance
criteria.

14.3.4.2.3.6 Reactor Cavity Evaluation

The design of the concrete structure surrounding the reactor vessel is
designed for the following criteria.

Provide support for the reactor vessel under the dead weight,
seismic, and reactor coolant pipe rupture loading conditions.

2. Attenuate the neutron flux sufficiently to preven'r excessive
activation of plant compartments.

Reduce the residual radiation from the core, reactor internals, and
reactor vessel to levels which will permit access to the region
between the primary and secondary shields after plant shutdown.

As a result of criterion 1, the reactor support concrete structure will
withstand the pressure that builds up within the annulus defined by the
concrete cavity and the reactor vessel, following rupture of a reactor coolant
pipe, without losing its structural integrity.

The reactor cavity pressure analysis was performed for Cook Nuclear Plant.
Units 1 and 2 for a NSSS power level of 3600 MWt. The purpose of this
analysis is to calculate the initial pressure response in the reactor cavity
to a loss of coolant accident. The reactor cavity pressure analysis was

performed for. the upper and lower reactor cavities, the reactor vessel annulus
and the reactor pipe annulus.
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The SGTP Program parameters affect the Reactor Cavity Pressure Analysis
through the mass and energy releases provided as input into the analysis.
There is no direct impact of SGTP level on short-term mass and energy release
rate calculations. The major impact results from changes to RCS temperature.
For short-term effects, higher release rates typically result from cooler RCS

conditions. The mass and energy releases used as input for the Reactor Cavity
Pressure Analysis reflected limiting conditions and therefore, the NSSS

peformance parameters for the SGTP Program did not impact the results.

As shown in Table 14.3.4-30, vent areas from the upper and lower reactor
cavities were 175 and 70 square feet, respectively. The LOCA break flow split
is such that 75% of the break flow discharges to the upper reactor cavity and
loop compartments, with the remaining 25% enterincr the reactor annulus. Of
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The calculated values are well below the design, values. Therefore, structural
integrity is ensured for the pipe annuli and reactor vessel annulus.

14.3.4.3 MASS AND ENERGY RELEASE ANALYSZS FOR POSTULATED LOSS-OF-COOLANT
ACCZDENTS

This analysis presents the mass and energy releases to the containment
subsequent to a hypothetical loss-of-coolant (LOCA) .

The LOCA transient is typically divided into four phases:

1. Blowdown - which includes the period from accident initiation (when
the reactor is at steady state operation) to the time that the RCS
reaches initial equilibration with containment.

2. Refill - the period of time when the lower plenum is being filled
by accumulator and safety injection water. At the end of blowdown,
a large amount of water remains, in the cold legs, downcomer, and
lower plenum. To conservatively consider the refill period for the
purpose of containment mass and energy releases, this water is
instantaneously transferred to the lower plenum along with
sufficient accumulator water to completely fill the lower plenum.
This allows an uninterrupted release of mass and energy to
containment. Thus, the refill period is conservatively neglected in
the mass and 'energy release

calculation.'.

Reflood - begins when the water from the lower plenum enters the
core and ends when the core is completely quenched.

4. Post-Reflood (Froth) - describes the period following the reflood
transient. For the pump suction break, a two-phase mixture exits
the core, passes through the hot legs, and is superheated in the
steam generators. After the broken loop steam generator cools, the
break flow becomes two phase.

Generic studies have been performed with respect to the effect on the LOCA
mass and energy r''eleases relative to postulated break size. The double-ended

~ guillotine break has been found to be limiting due to larger mass flow rates
during the blowdown phase of the transient. During the reflood and froth
phases, the break size has little effect on the releases.
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Three distinct locations in the reactor coolant system loop can be postulated
for pipe rupture.

1. Hot leg (between vessel and steam generator)
2. Cold leg (between pump and vessel)
3. Pump suction (between steam generator and pump)

For long-term considerations the break location analyzed is the double-ended
pump suction guillotine break (10.48 ft2) . Pump suction break mass and energy
releases have been calculated for the blowdown, reflood, and post-reflood
phases of the LOCA. The following information provides a discussion on each
break location.

The double-ended hot leg guillotine has been she wn in previous studies to
result'n the highest blowdown mass and energy release rates. Although the.
core flooding rate would be highest for this break location, the amount of
energy released from the steam generator secondary is minimal because the
majority of the fluid which exits the core bypasses the steam generators in
venting directly to containment. As a result, the reflood mass and energy
releases are reduced significantly as compared to either the pump suction or
cold leg break locations where the core exit mixture must pass through the
steam generators before venting through the break.

For the hot leg break, generic studies have confirmed that'here is no reflood
peak (i.e., from the end of the blowdown period the releases would continually
decrease). The mass and energy releases for the hot leg break have not been
included in the scope of this containment integrity analysis because for the
hot leg break only the bio'wdown phase of the transient is of any significance.
Since there are no reflood and post-reflood phases to consider, the limiting
peak pressure calculated would be the compression peak pressure and not the
peak pressure following ice bed meltout.

The cold leg break location has also been found in previous studies to be much

less limiting in terms of the overall containment peak pressure. The cold leg
blowdown is faster than that of the pump suction break, and more mass is
released into the containment. However, the core heat transfer is greatly
reduced, and this results in a considerably lower energy release into
containment. 'tudies have determined that the blowdown transient is, in
general, less limiting than the pump suction break. During reflood, the
flooding rate is greatly reduced and the energy release rate into th'

containment is reduced. Therefore, the cold leg break is not included in the
scope of this analysis.
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The pump suction break combines the effects of the relatively high core
flooding rate, as in the hot leg break, and the addition of the stored energy
in the steam generators. As a result, the pump suction break yields the
highest energy flow rates during the post-blowdown period by including all of
the available energy of the reactor coolant system in calculating the releases
to containment. This break location has been determined to be the limiting
break for all ice condenser plants.

In summary, the analysis of the limiting break location for an ice condenser
containment has been performed. The double-ended pump suction guillotine
break has historically been considered to be the limiting break location, by
virtue of its consideration of all energy sources present in the RCS. This
break location provides a mechanism for the release of the available energy in
the RCS, including both the broken and intact loop steam generators.
Inclusion of these energy sources conservatively results in the maximum amount
of ice being melted in the event of a LOCA.

14.3.4.3.1 Mass and Ener Release Data

14.3.4.3.1.1 Short Term Mass and Energy Release Data

E rl D si n Anal s

The Mass and energy release rate transients for a)l the design cases are given
in Figures 14.3.4-71 thru 14.3.4-78. All cases are generated with the SATAN-V

break model consisting of Moody-Modified Zaloudek critical flow correlations
applied at the break element. Since no mechanistic constraints have been
established for full guillotine rupture, an instantaneous pipe severance and
disconnection is assumed for all transients. Assumptions specific to the
early design transients are as follows:

For the hot leg mass and energy release rate transient to loop compartments:

Figures 14.3.4-71, -72

1.
2.
3.

5.

A double ended guillotine type break.
A break located just outside the biological shield.
A break located in the worst loop.
A six node upper plenum model.
A 16 node broken hot leg pipe model.
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A discharge coe ffic ient (CD) equal '-o 1

7. A 100% power condition with Thot - 606.4'F and Tcold 540.4 F.

For the cold leg mass and energy release rate transient to loop compartments:

Figures 14.3.4-73,

1.
2.
3.
4.
5.
6.
7.

A double ended guillotine type break.
A break located just outside t'e biological shield.
A break located in the worst' oop.
A seven node downcomer model.
A 16 node broken hot 'eg pipe model.
A discharge coeff'cient (CD) equal to l.
A full Power condi"ion with Thor - 606.4'F and Tcold - 540.4'F.

For hot leg mass and energy release rate t'rans''ents to subcompartments:

Figures 14.3.4- ~ 5,

1. '" single ended sp'''= tvpe break.
2. A break jus" ou"side ""..e hot 'eg nozzle.
3. A break in the pressurizer loop.
4. A six node upper,plen m model.
5. A 16 node broken hot 'eg pipe model.
6. A discharge coefficie~t (CD) equal to
7. Full power condit'on Thot 606.4'F and Tcold 540.4'F.

For the cold leg mass and ene gv release rate transient to subcompartments

Figures 14,3.4-77, -78

1. A

2, A

3. A

4. A

5. A

6. A

7. A

single ended sp''= type break.
break just outside the co'd 'eg nozzle.
break in the pressurizer 'oop.
seven node do-incomer model.
16 node broken hot 'eg oi=e model.
discharge coefficient (CD} eq al to 1'.

full powe cond'= on .h - 605. "F and .- ld - 540.4'F.

For the mass
' 'nch spray

and ener": "e'ase "- te ""=- .s'" t to the "ressurit.r enclosure, a

line pipe break "as considered (Figures ' 3.4-79, -80):
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l. A guillotine type break modeled as a 0.147 ft'plit in the cold
leg at the pump discharge (area of the six inch pressurizer spray
feed line) and a O.OB7 ft2 split in the top of the pressurizer
(area of 4 inch spray nozzle).

2. Valves in spray lines are assumed to be open.
r

3. No pipe resistance for the feed line considered.

4. A full power condition Thot = 606.4'F and Tcold 540,4 F.

5. A discharge coefficient (CD) equal to 1.

The mass and energy release rate transients for all the generated cases are
supported by an extensive investigation of short term phenomena.
Section 14.3.4.5 includes detailed discussion of the phenomena and the
results.

Curren Desi n Basis Anal ses

Analyses were conducted to support changes in Reactor Power and revised RCS

parameters, such as enthalpy, on the mass and energy releases. Details of the
subcompartment evaluation are presented in Section 14.3.4.2.3.2 for the
Pressurizer Enclosure Evaluation, Section 14.3.4.2.3.4 for the Loop
Compartments Evaluation and, Section 14.3.4.2.3.6, for the Reactor Cavity
Evaluation.

14.3.4.3.1.2 Long Term Mass and Energy Release Data

A li a ion of Sin le Failur An 1 sis

An analysis of the effects of the single failure criteria has been performed
on the mass and energy release rates for the pump suction (DEPS) break. An
inherent assumption in the generation of the mass and energy release-is that
offsite power is lost. This results in the actuation of the emergency diesel
generators, required to power the safety injection system. This is not an
issue for the blowdown period which is limited by the compression peak
pressure.
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The limiting minimum safety injection case has been analyzed for the effects
of a single failure. In the case of minimum safeguards, the single failure
postulated to occur is the loss of an emergency diesel generator. This
results in the loss of one pumped safety injection train, thereby minimizing
the safety injection flow. As additional conservatism has been included in
this analysis in that the closure of the RHR crosstie valve has been
considered because it results in a further reduction in safety injection flow.
The analysis further considers the RHR and SI pump head curves to be degraded
by 1S% and the charging pump head'curve to be degraded by 10~. This results
in the greatest SI flow reduction for the minimum safeguards case.

Bl wd wn Ma s nd En r Rel ase Da a

The SATAN-VI code is used for computing the blowdown transient, and is the
same as that used for the February 1978 ECCS calculation, (Reference 32). The

methodology .for the use of this model is described in Reference 22.

Table 14.3.4-31 present the calculated mass and energy releases for the
blowdown phase of the DEPS break. For the pump suction breaks, break path 1

in the mass and energy release tables refers to the mass and energy exiting
from the steam generator side of the break; break path 2 refers to the mass

and energy exiting from the pump side of the break.

The mass and energy releases for the double-ended pump suction break, given in
Table 14.3.4-31 terminate 28.0 seconds after the postulated accident.

Ik

Refl d Ma nd En r R le se Da

I

The WREFLOOD code used for computing the r flood transient, is. a modified
version of that used in the ECCS calculation (Reference 32). The methodology
for the use of this model is described in Reference 22.

The WREFLOOD code consists of two basic hydraulic models - one for the
contents of the reactor vessel, and one for the coolant loops. The two models
are coupled through the interchange of the boundary conditions applied at the
vessel outlet nozzles and at the top of the downcomer. Additional transient
phenomena such as pumped safety injection and accumulators, reactor coolant
pump performance, and steam generator release are included as auxiliary
equations which interact with the basic models as required. The WREFLOOD code

permits the capability to calculate variations during the core reflooding
transient of basic parameters such as core flooding rate, core and downcomer

water'evels, fluid thermodynamic conditions (pressure, enthalpy, density)
throughout the primary system, and mass flow rates through the primary system.
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The code permits hydraulic modeling of the two flow paths available for
discharging steam and entrained water from the core to the break; i.e., the
path through the broken loop and the path through the unbroken loops.

'A complete thermal equilibrium mixing condition for the steam and emergency
core cooling injection water during the reflood phase has been assumed for
each loop receiving ECCS water. Even though the Reference 22 model credits
steam/mixing only in the intact loop and not in the broken loop,
justification, applicability, and NRC approval for using the mixing model in
the broken loop has been documented (Reference 33) . This assumption is
justified and supported by test data, and is summarized as follows:

The model assumes a complete mixing condition (i.; thermal equilibrium) for
the steam/water interaction. The complete mixing process, however, is made up
of two distinct physical processes. The first is a two phase interaction with
condensation of steam by cold ECCS water. The second is a single phase mixing
of condensate and ECCS water. Since the steam release is the most important
influence ro the containment pressure transient, the steam condensation part

Iof the mixing process is the only part that need be considered. (Any spillage
directly heats only the sump.)

The most applicable steam/water mixing. test data has been reviewed for
validation of the containment integrity ref lood steam/water mixing model.
This data is that generated in 1/3 scale tests (Reference 4), which are the
largest scale data available and thus most clearly simulates the flow regimes
and gravitational effects that would occur in a rWR. These tests were
designed specifically to study the steam/water interaction for PNR reflood
conditions.

."-rom the entire series of 1/3 scale tests, a group corresponds almost directly
to containment integrity reflood conditions. The injection flowrates for this
group cover all phases and mixing conditions calculated during the reflood
transient. The data from these tests were reviewed and discussed in detail in
Reference 22. For all of these tests, the data clearly indicate the
occurrence of very effective mixing with rapid steam condensation. The mixing
model used in the containment integrity ref lood calculation is therefore
wholly supported by the 1/3 scale steam/water mixing data.

Additionally, the following justification is also noted. The post-blowdown,
limiting break for the containment integrity peak pressure analysis is the
pump suction double ended rupture break. For this break, there are two
flowpaths available in the RCS by which mass nd energy may be released to
containment. One is through the outlet of the steam generator, the other via
reverse flow through the reactor coolant pump. Steam which is not condensed
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by ECCS injection in the intact RCS loops passes around the downcomer and
through the broken loop cold leg and pump. in venting to containment. This
team also encounters ECCS injection water as it passes through the broken loop
cold leg, complete mixing occurs and a portion of it is condensed. It is this
portion of steam which is condensed that is taken credit for in this analysis.
This assumption is justified based upon the postulated break location, and the
actual physical presence of the ECCS injection nozzle. A description of the
test and test results is contained in References 22 and 23.

Table 14.3.4-33 presents the calculated mass and energy release for the
ref lood phase of the pump suction double ended rupture with minimum safety
injection.

The transients of the principal parameters during reflood are provided in
Table 14.3.4-35.

P st-Refl d Ma nd En r R lease Da

The FROTH code (Reference 21) is used for computing the post-reflood
transient.

The FROTH code calculates the heat release rates resulting from a two-phase
mixture level present in the steam generator tubes. The mass and energy
releases that occur during this phase are typically superheated due to the
depressurization and equilibration of the broken loop and intact loop steam
generators. During this phase of the transient, the RCS has equilibrated with
the containment pressure, but the steam generators contain a secondary
inventory at an enthalpy that is much higher than the primary side.
Therefore, there is a significant amount of reverse heat transfer that occurs.
Steam is produced in the core due to core decay heat. For a pump suction
break, a two'phase fluid exits the core, flows through the hot legs and
becomes superheated as it passes through the steam generator. 'Once the broken
loop cools, the break flow becomes two phase. The methodology for the use of
this model is described in Reference 22.

After containment depressurization, the mass and energy release available to
containment -is generated directly from core boiloff/decay heat.

After depressurization, the mass and energy release from decay heat is based
on the 1979 ANSI/ANS Standard, shown in Reference 24 and the following input:

1. Decay heat sources considered are fission product decay and heavy
element decay of U-239 and Np-239.
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2. Decay heat power from fissioning 'sotopes other than U-235 is
assumed to be identical to that of U-235.

3. Fission rate is constant over the operating history of maximum

power level.

4. The factor accounting for neutron capture in fission products has
been taken from Table 10 of ANS (1979).

5. Operation time before shutdown is 3 years.

6. The total recoverable energy associated with one fission has been
assumed to be 200 MeV/fission.

7. Two sigma uncertainty (2 times tne standard deviat,ion) has been
applied to the fission product decay.

Tables 14.3.4-37 presents the two phase (froth), mass and nergy release data
for the double-ended pump suction break with minimum safety injection. Data

Ifor these tables are terminated at the end of froth time, after which the
LOTlC code performs its own "ore boiloff calculation.
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Source of Mass and Ener

The sources of mass and energy considered i,n the LOCA mass and energy release
analysis are given in Tables 14.3.4-39 and 14.3.4-40 for the double-ended pump
suction break with minimum safety injection.

The mass sources are the reactor coolant system, accumulators, and pumped
safety injection. The energy sources include:

1. Reactor coolant system water

2. Accumulator water

3. Pumped injection water

4. Decay Heat

5. Core stored energy

6. Reactor coolant system metal

7. Steam generator metal

8. Steam generator secondary energy

9. Secondary transfer of energy (feedwater into and steam out of the
steam generator secondary).

In the mass and energy release data presented, no zirc-water reaction heat was
considered because the clad temperature did not rise high enough for the rate
of the zirc-water reaction heat to be of any significance.

The consideration of the various energy sources in the mass and energy release
analysis provides assurance that all available sources of energy have been
included in the analysis. Although Cook Nuclear Plant Unit 1 is not a
Standard Review Plan Plant, the review guidelines presented in Standard Review
Plan Section 6.2.1.3 have been satisfied.

The mass and energy inventories are presented at the following times, as
appropriate:

1.
2.
3.

Unit 1

Time zero (initial conditions)
End of blowdown time
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4. End of reflood time
5. Time of broken loop steam generator equilibration
6. Time of intact loop steam generator equilibration

The methods and assumptions used to release the various .energy sources are
given in Reference 22 except as noted 'in the reflood mass and energy section,
which has been approved as a valid evaluation model by the Nuclear Regulatory
Commission.

Si nifi an Modelin A sum ions

The foll'owing assumptions were employed to ensure that the mass and energy
releases are conservatively calculated, thereby maximizing energy release to
containment:

1. Maximum expected operting temperatures of the reactor coolant
system (100: full power conditions)

2. An allowance in temperature for instrument error and dead band
(+S.1'F}

3. Margin in volume of 3% (which is composed of 1.6% allowance for
thermal expansion, and 1.4~ for uncertainty>

4. Core rated power of 3413 MWt

S. Allowance for caloimetric error (+2 percent of power)

6. Conservative coefficient of heat transfer (i.e., steam generator
primary/secondary hear transfer and reactor coolant system metal
heat transfer)

7. Allowance in core store energy for effect of fuel densification

8. A margin in core stored energy (+15 percent included to account for
manufacturing tolerances)

9. An allowance for RCS intitial pressure uncertainty (+67 psi)
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10. Steam generator tube plugging,.leveling (0~ uniform)

Maximizes reactor coolant volume and fluid release

Maximizes heat transfer area across the SG tubes

Reduces coolant loop resistance, which reduces delta-p
upstream of break and increases break flow

Thus based on the above conditions and assumptions, a bounding analysis of
Cook Nuclear Plant Units 1 and 2 is made for the release of mass and energy
from the RCS in the event of a LOCA to support the SGTP Program.

14.3.4.4 MASS AND ENERGY RELEASE ANALYSZS FOR POSTULATED SECONDARY SYSTEM
PZPE RUPTURES ZNSZDE CONTAZNMENT

A series of steamline breaks were analyzed to determine the most severe break
condition for the containment temperature and pressure response. The
assumptions on the initial conditions are taken to maximize the mass and
energy released. The range of possible operating conditions for the
Donald C. Cook Nuclear Plants are presented in Table 14.1-1 for Unit 1 and
Table 14.1.0-1 for Unit 2. The subsections that follow discuss; the short-
term mass and energy releases, which addresses steamline break effects, in the
steam generator enclosure and the fan accumulator room, followed by the long-
term mass and energy releases.
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in their final position and the pump is assumed to be at full speed
and to draw suction from the RUST. The volume containing the low
concentration borated water is swept into the core before the 2400

ppm borated water reaches the core. This delay, described above,
is inherently included in the modeling.

1. For the at-power cases, reactor trip is available by safety
injection signal ~ overpower protection signal (high neutron flux
reactor trip or OPQT reactor trip), and low pressurizer pressure
reactor trip signal.

Offsite power is'ssumed ava'ab'e. Continued operation of the
reactor coolant pumps maxim zes the energy transferred from the
reactor coolant s:stem to ".he s "earn generators.

n. No steam genera=or " be o ggin» 's ass med to max mize the heat
transfer character.'s" cs.

Break Flow Ca> culat'ps

a. Steam Generator Blowdown

The LOFTR<l compu=er code (Reference 26) '-'-s used to calculate, the
break flows and en"halp.'es of the release through the steam line
break. Blowdown mass/energy re'eases determined using LOFTRAll
include the effec:s of core "o"er generation. main and auxiliary
feedwater addit;cns, eng'neered safeguards sys=ems, reactor coolant
thick metal hea= storage, and «e:e«$ 2 s »am generator heat
transfer.

b. Steam P'ant P''p'.." B'owdow..

The ca'culated mass and e'"..ergv releases inc ude =he contr'bution
from the seconda.; steam pi"''ng. ."-or al'. "cures, the steam
piping volume bio"do m begins a- =he " me o "he break and
continues urti'he en"'re pipin- inventor; 's released. The flow
rate is determ'ne" ~sing =he .'iood; correlation and the pi"e cross
sectional area.

Sin le Failure Effects

a. Failure of a ...a ".. s "ea-...so'ation:a ve '..S::;" ''"..""eases "he volume
of steam p'p'n- -'='s no= 's"'-e~ rc.-.. =he break. '~~en all
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valves operate, the piping volume capable of blowing down is
located between the steam generator and the first 'isolation valve.
If this valve fails, the volume between the break and the isolation
valves in the other steam linds, including safety and relief valve
headers and other conn'ecting lines, will feed the break. For t~e
cases which modeled a failure of a MSIV, the steam line volumes

associated with Unit 2 were assumed since the volume available for
blowdown for this scenario is greater than Unit 1. For the cases
which did not model a failure of a MSIV, the steamline volumes

associated with Unit 1 were assumed since the volume available for
blowdown for this scenario is greater than Unit 2.

b. Failure of a diesel generator would result in the loss of one

containment safeguards train, resulting in minimum heat removal
capability.

Failure of a feedwater isolation valve would result in additional
inventory in the feedwater line which would not be isolated from
the steam generator. The mass in this volume can flash into steam
and exit through the break. For consistency with the FSAR

steamline break mass/energy release analysis, all cases
conservatively assumed failure of the feedwater isolation valve,
which'resulted in the addi,tional inventory available for release
through the steambreak and in higher than normal main feedwater
flows.

d. Failure of the auxiliary feedwater runout control equipment could
result in higher auxiliary feedwater flows entering the steam

generator prior to realignment of the auxiliary feedwater system.
For cases where the runout control operates properly, a constant
auxiliary feedwater flow of 775 gpm to the faulted steam generator
was assumed. This value was increased to 1375 gpm to simulate a

failure of the runout control.

The calculated mass and energy rates for the long term steamline break
analysis at full power are presented as Tables 14.3.4-7 and 14.3.4-8.
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TABLE 14.3.4-1

DONALD C. COOK ICE NDENSER ANALYSI PARAMETER

Reactor Containment Volume (net free volume)
Upper Compartment, ft3

Ice Condenser, ft3

Lower Compartment (active), ft3

Total Active Volume, ft3

774,481
110,520
301,583
1,186,584

Lower Compartment (dead ended), ft3

Total Containment Volume, ft3
'0,727

Not Applicable

Reactor Containment Air Compression Ratio 1.403

NSSS Power, MNt 3413

Design Energy Release to Containment
Initial blowdown mass release, lb
Initial blowdown energy release, BTU

542,360
334.4 x 10

6

Ice Condenser Parameters
Weight of ice in condenser, lb 2.11 x 10

6

Addi ional S s m Parame rs

Core Inlet Temperature (+5.1 F), F
0 0

552.5»

Initial Steam Generator Steam Pressure, psia 836.3

Assumed Maximum Containment Back Pressure, psia 26.7

This is information utilized in the current containment pressure analysis
discussed in Section 14.3.4.1.3.1.

*Includes +4.1'F allowance for instrument error, deadband, and +1'F for cold
leg streaming.
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TABLE 14.3.4-2

D C

Break
~Si e

5 f" Deck2

Leak Air
Compression
Peak

Deck
Leakage
Area

Spray
Flo~ Rate
~m

Resultant
Peak
Contain-
ment
Pressure

s~

Double ended "'. 8 54 0 12. 0

0.6 double ended 6.6 46 12.0

2
3 c 6.? 5 50 12 0

8- inch diameter 56 4000 12.2

8-inch diameter 35 2000 12.0

8-inch diameter* 5.5 56 20C: 11.3

6-inch diameter 5,0 56 40C: 10.4

2 1/2-inch diameter 56 4000 8.5

1/2-inch diameter 3.0 50 4000 3.0

*This case assumes upper compartment structural heat sink steam
condensation of 8 lb/sec and 30 percent of deck leakage is air.
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TABLE 14.3.4-3

Deleted
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TABLE 14. 3.4-4

STRUCTURAL HEAT SENK TABLE

~S~CS .IC MESS

U er Com a tment . aterial

1. Paint
Carbon Steel
Concrete

32500.
32500.
32500.

0.001083
0.0469
2.0

2. Paint
Concrete

10086.
10086.

0.001083
2.0

3. Paint
Concrete

5880.
5880.

0.001250
1. 3

4. Paint
Concrete

11970.
1'70

0.00125
1.0

ower Com artment Mater al

5. Paint
Concrete

5069.
5069.

0.::125

6. Paint
Concrete

13660.
13660

0.00125
1.5

7. Paint
Concrete

16730.
16730.

0. 00125
1 0

8. Paint
Concrete

8665.
8665.

0.00125
2.0

Ice Co de e

9. Steel

10. Steel

ll. Steel

'80600.

"6650.

28670.

0.00663

0.0217

0.0267
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TABLE 14.3.4-4 (Cont'd)

STRUCTURAL HEAT SINK TABLE

2BZh<>D
12. Paint

Concrete

AgQ~~
3336.
3336.

13. Steel and Insulation 19100.
Steel 19100.

0.000833
0.333

1.0
0.0625

'4.

Steel and Insulation
Concrete

13055.
13055.

1.0
1.0
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TABLE 14.3.4-5

ENERGY ACCOUNTING IN MILLIONS OF BTU

Approx. End
of Blowdown
t 10 0 sec

Approx. End
of Reflood
t 24 .7 sec

Ice Heat Removal 207.7 250.3

Structural Heat Sinks 17.37 44.73

RHR Heat, Exchanger Heat Removal 0 0

Spray Heat Exchanger Heat Removal

Energy Content of Sump

0

188.94

0

250.0

Ice Melted (Pounds) 0.67 (10 ) 0.84 (10 )

Integrated Energies
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TABLE 14 '.4-5 (Cont'd)

ENERGY ACCOUNTING IN MILLIONS OF BTU

Approx. Time
of Ice Melt Out

Approx. Time
of Peak Pressure

7752 sec

Ice Heat Removal 567.21 567.21

Structural Heat Sinks 82. 52 112.68

RHR Heat Exchanger Heat Removal 49.0 77.31

Spray Heat Exchanger Heat Removal 58.31 92.3

Energy Content of Sump

Ice Melted (Pounds)

583.6

2. 11

599.3

2.11

Integrated Energies
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TABLE 14 . 3 . 4 -6

MATERIAL PROPERTY DATA

M~at rial

Thermal Volumetric
Conductivity Heat Capacity

Paint 0.0833 28.4

Concrete 0.8 22.6

Steel 26. 0 56.4

Steel and Insulation 3.663
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TABLE 14 . 3 . 4 -7

UNIT 1/UNIT 2 STEAMLINE BREAK MASS/ENERGY RELEASES INSIDE CONTAINMENT

1026 POWER, 1.4 ft2 DOUBLE ENDED RUPTURE

FAILURE - MSIV
TIME aec

.0000

.2000

1.400

3i800

6.000

8.000

10.00

11.60

12 F 00

12.20

13.00

14.20

15. 20

16.00

16. 40

17. 00

22.00

26.00

28.00

30.00

32.00

34.00

36.00

45.00

75.00

100.0

200.0

280.0

282.5

285.0

287.5

MASS 1bm aec

.0000

9'753.

8708.

7436.

7228.

7069.

6882.

6658.

6441 ~

6224
'353

~

4047
'959

'090

'657.

1482.

1306.

1253 ~

1208.

1169.

1137

1110

1087 ~

1068'006.

878 ~ 0

851. 6

831. 4

825.3

789.4

695.6

619, 9

HNBRGY MBtu aec

.0000

11 '8
10.45

8.940

8.693

8 '04
8 ~ 281

8. 014

7.752

7.490

6 '43
4. 871

3 '62
2 ~ 516

li995
1.784

1. 572

1.509

1.455

1.408

1.369

1.337

1 ~ 309

1 ~ 285

1 ~ 211

1.056

1.024

.9998

~ 9924

.9485

.8349

,7431

292.5

300.0

320.0

350.0

610.0
Unit 1

455.2

241.3

112.0

106.5

3.231
14.3.4-94

F 5429

.2850

.1308

~ 1244

. 0038
July 1997
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TABLE 14.3.4-8

UNIT 1/UNIT 2 STEAMLINE BREAK MASS/ENERGY RELEASES INSIDE CONTAINMENT
30o POWER 0 942 FT2 SPLIT BREAK

FAILURE - MS IV
T~INR *

.0000

.2000

5.600

7.000

10. 00

13.00

13. 60

14 ~ 80

15.60

16 F 00

18. 00

20.00

26.00

35.00

40.00

45 F 00

50.00

60.00

70.00

80.00

90i00

100.0

110.0

120.0

150 0

200 ~ 0

270.0

290.0

292.5

295.0

297.5

320.0

337.5

352.5

367.5

395.0

410. 0

N~aSS lb.

.0000

1873.

1744.

1734.

1718.

1703.

1698.

1688'681.

1677.

1629.

~ 1522.

1284.

1061.

974. 2

905.9

853.1

782.0

741.1

719.1

.07.4

701.3

698.3

696,7

695.1

694.1

692.9

691,3

667. 1

607.8

554,0

476.8

403 ~ 4

344.5

296.7

183. 5

136,6

BNBRGY NBtu sec

.0000

2.234

2.085

2 '73
2.054

2.036

2.031

2. 020

2. 011

2. 007

1. 950

1. 825

1. 544

1.277

l. 173

1.091

1. 028

~ 9418

. 8925

i8659

.8517

8444

.8408

.8388

.8369

i8357

.8342

.8323

.8028

~ 7312

.6658

5711

.4820

. 4106

~ 3531

. 2174

. 1609

432.5

495.0

605.0
Unit 1

114.3

106. 6

109. 5

14 . 3. 4-96

.1345

,1252

~ 1282
July 1997
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TABLE 14 . 3 . 4 - 9

1.4 FT2 DOUBLE-ENDED TEAMLINE BREAKS

Operating Power, 102 70

Aux. Feed Failure w/o
I

w/o

MSIV Failure

T, Fmax'

Time of T, sec
max'22 71

7.03

321.72

7 Q 9

4. FT2 D BLE-ENDED STFAMLINE BREAKS

Operating Power, 102 70

Aux. Feed Failure
t

MSIV Failure

w/o w/o

T, Fmax'22.6B 321.9

Time of T , secmax'. 11 6.13
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TABLE 14 . 3 . 4- 10

STEAMLZNE RUPTURES

Size of Break, ft2 0.86 0.942 0.942

Hot Operating Power c '102 30 30

Aux. Feed Failure w/o

MSIV Failure w/o w w/o

T, F

max'ime

of T , sec
max'25.9 326.0 325.6

83.4 73.5 86.1

Unit 1 14.3.4-99 July 1997



TABLE 14. 3.4-30

ee Vo ume

(ft )

V~ent A ea

(ft )

Upper Reactor Cavity 19 '31 175

Lower Reactor Cavity 14 '35 70

Steam Generator 7 '56 264

Pressurizer 3,537 <2

."-an Room 25,423

Unit 1 14.3.4-136 July, 1992



TABLE 14 . 3 . 4 - 3 1

DOUBLE-ENDED PUMP SUCTION
BLOWDOWN MASS AND ENER Y RELEASE

TD4E

SECONDS

, 101

.iO I

.)0 I

LILXI/SEC

41809.9

46791.4

BREAK FATH NO. I FLOW

THOCSAND BTC:SEC

BREAK I'ATH NO. 2 FLOW

LILXL'SEC

r0

'1842.$

, 23698,7

')S85.2

THOLrSAND BTL'SEC

.0

I}850.7

I?9L?.f

Il854.8

I.10

I 40

2.80

~,40

9.4)

11.0

1).8

16.4

18.4

18.8

19.0

19.2

19.4

19.6

19.8

20.2

210

21.4

21.8

??.2

2$ .6

24.4

24.6

4.8

27.0

47304.8

449?0. 5

4506?, I

4171$ .9

3899).8

) I50).$

l6248.9

21790.0

19}01.6

IS}78.7

If511.6

l)9Sf.8

I?6?1.1

I?409.8

1?926.)

12?89.7

10124.1

9779.3

9523.6

71)7.6

~ SSI!2

4172.2

40 1?.7

)961. I

}8?0.3

)734.8

3554.0

))??.7

254?.I

411.5

I909.0

IrOf.$

I445.6

1)37.0

Ilid 0

914.$

8))A

475A

41).0

19.0

?6W.T

ATPr.)

2639$ .2

i')7 9

1769$ .2

14 SITA

13347.2

I?$ )7.0

107$ 1,8

9553.8

8669.)

847f.8

8608
')f

f.d

5'6.0

584?.)

$
509.'$

9).4

3819.d

)729.$

354$ .6

}588.4

}L}0.0

}571,6

358K I

34$ IA

!144,}

29$ 1.

?7$ fid

V5$.5

L94L9

1805,1

1672,2

1475.1

11$ 1.5

1050?

$?).l

L79.4

8$.
'4

5

?XS}.2

21588.d

199 10.9

IISTI.6

18465A

179LOA

17008A

1553?.6

L$908. 2

!50)4A

L)99).7

l)S48.7

12$70.9

I)180.$

I?$ &~.2

I?442.3

I?NL$.8

11841 3

LOS)'.I

9219.1

SL).7

9594.3

8561.9

8518.3

545),2

4907.9

4597,0

fd!2.6

3815,9

4 40

?9? .4

6501.d

4567.9

I)?9.9

2964.0

240?.3

?309.9

~ 99 ~

1?5.0

L?50$ .8

1180S.O

LOS89.6

10)'

10 106.)

9842.$

9)11.5

9?07.f

8714.f

Si39.8

7574.4

7)219

5900A

7237. ~

6507.$

684).7

671S.4

6514.6

5959.4

5074.S

4) II.O

)474.5

4972.0

2651.2

4?4$ .4

440}.8

lr0),f
4148.0

i449,)

)1$ 2.7

2086A

?$ 57.9

1483.9

I974.2

1187.0

2457.3

1744.3

1231.8

459A

d)L4

7$4.2

548.0

93.9

45.3
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Table 14.3.4-32 is intentionally deleted.
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TABLE 14 . 3 . 4 -33
DOUBLE-ENDED PUMP SUCTEON

MINIMUM SZ REFLOOD MASS AND ENERGY RELEASE

TNE

SECONDS

28.0

28.)

28.S

28.7

29.7

)4.1

)9.1

~0.1

41

42. 2

~).2

4$ ,2

"47'

9.'1.2

5}
'$

.'7.2

$9.2

61.2

LB!IiSEC

IIL2

IL.d

110.9

108.0

119.6

12$ .7

14K I

IIO.6

21) 4

!SI,)
}11.)

}48.0

!50.6

1)9..

IS$ ,a

!)$.!

129,

I)I 6

II~ .5

BREAK PATH NO. I
FLORA'HOI:SHAD

BTD'SEC

168.1

144.}

I'O.}

126.8

140. 4

I ~ 7,6

174.1

188.8

'00.9

2$ 1.1

414.5

4}8.4

4!4.6

7

41). 8

400.8

419

'19.}

40}
'9;9

IAlj,)

LILIISEC

1818.)

1791,4

I. S9

1117,9

1658,1

1508.0

14}I,

1)71.$

2017.!

!409.9

40').2

1949

)9:9.

1407,4

!691.6

190'. 5

IAR$ ~

I W,P

1694, $

IQR I

If)4,8

BREAK PATH NO 'LO'N
'THODSAND BTL'EC

162.

IIO.)

1$ 9.2

15).8

I)I.S

148. ~

I)5.0

128.1

:2).)

5!I.a

SSI,)

$ 4.9

54 'I

S!R.9

!'8.5

'0.}

4.)

'll.S

101 )

10$ )
107.}

117.}

127.)

1)$.)
14}.!

ISS.}

16!.)

17$ .)

19).)

249.

~ N,)

414,

I's 0

'141, I

!29,9

'5 \
41.1

18).$

17).0

Ia). I

If8.1

ISKS

150.1

148 0

144.4

}50.!

S)1.0

440,}

~ 19

'4lv,l

'll',6

1!4.1

121 I

1,5

2)a.}

19},

IRS.S

140,0

I 6.0

I 1.5

I !.4

I $ .9

I!I,A

:82.9

241,

5+ I
244,9

I:0.1

'11$

'0'.4

190.1

IA!.0

A,l

Ilf4

I'1,4

I 0.1

169,4

}59.6

10f

244,5

240.1

219.4

10.4

194.1

179.$

169,

I:8,9

121.!

114,6

I I 1.6

4,$

71.4
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MINIMUM

TABLE 14.3.4-35
DOUBLE-ENDED PUMP SUCTION

SI PRINCIPAL PARAMETERS DURING REFLOOD

TIN8

BBCONDS

28.0
28,5
28.9
29.2
29 4

30 5

33.1
36.2
41.2
43.0

47.2
48.2
50.1
58.2
61.2
62 3

63 3

66.2
74 ~ 3

83.3
95.3
106 ~ 3

121.3
136.'I
155.3
171 ~ 8

191. 3

210.0
229.3
231 ~ 3

249 '

TBHP

DBGRBB

219. 9

217.1
215.1
214.8
214 8

215. 1

216.7
218 ~ 7

221.6
222 6

223.4
225.3
226.0
227.2
232.9
235. 1

235.8
236.5
238.4
242.8
244 3

242 '
243.4
244.0
243 F 2

244 ~ 3

243.5
244.3
243.8
244,3
244,3
244 '

PLOODING

RATB

IN/SBC

.000
19.962
8.452
3.412
4.303
2.570
2ijhj
2.220
3.530
3.401
3. 319

3.149
3.256
3.177
2,899
2 '17
3.092
3.715
3.515
3.035
2.628
2 '24
1.949
1 ~ 694

1.537
1 423

1.375
1.347
1.338
1 ~ 334

1.334
1. 33'7

CARRYOVBR

P RATION

.000

. 000

.000

.018
~041

. 3 lh

.534

. 635

. 710

724

. 731

,742
. 745

.750

.761

.764

.765

.763
766

.'770

.711
769

.768

.766

.764

.765
765

.768

.770
~ 774

~ 774

.'776

HBIGHT

.00
,56
1,05
1. 18

1.24
1.50

1 ~ 77

2.00
2.36
2.50
2.60
2.81

2.87
3.00
3,50
3.67
3.73
3.80
4.01
4.52
F 00

5.56
6.00
6.53
7.00
7.55
8.00
8.52
9.00
9,49

10,00

DOHNCOHBR

BRIGHT

.00

.35

.SS

.97
1 27

3.0
7.00
11.5S
15 ~ 99

16~00

16.00
16~00

16.00
16.00
16.00
16.00
15.98
15.79
jsi23
13.95
12. 92

12.02
11 ~ Ss

11.31
11.36
11.68
12.07
12.61
13.17
13.75
13i81
14. 37

PLOW

PRACl'ION

.250
1.000
1. 000

1. 000

1.000
598

.48S

.578

.575

.573

.566
576

.575

.562

.558
~ 612

.628

.626

. 621

,614
.604

.594

.581

~ 571

. 563

.560

.559

.581

.563

.563

.565

.0
7168.8
707.4
6999.3
695'l.l
6672.9
6194.7
5728.8
4713.3
45h9.3
4455 0

4240,3
4472.3
4397.4
3981 ~ 5

3851.3
437.7
403.2
408.8
421.8
431.8
441.3
447.3
452.4
455.8
458.8
460.6
462.4
463.9
465.3
465.5
466.7

7168.8
707.4
6999.3
6953.1
6672.9
6194.7
5728.8
4713.3
4549 3

44SS.0

4240 '
4049.6
3971.2
3548.8
3419.7

.0

.0

.0
,0
.0

0

0

.0

.0

.0

.0

.0

.0

.0
0

.0

.0

.0

, .0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
,0
.0
.0
.0

INJBCTION

ACCUMULATOR BPII L

(POUNDS HASS PBR SBCOND)

.0 .0

BNTHALPY

BTV/LBH

.00
89.50
89.50
89.50
89.50
89.50
89.50
89.50
89.50
89.5
89 5

89.50
87.94
87 90

87. 71

87.64
72.99
72.99
72.99
72.99
72.99
72.99
72.99
72 99

72.99
72.99
72.99
72.99
72,99
72. 99

72.99
72.99
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TABLE 14.3.4-37
DOUBLE-ENDED PUMP SUCTION

MINlMUM SX POST REFLOOD MASS AND ENERGY RELEASE

TZHB

SBCONDS

249.7
254 '

259 '
264.7
269>7

274.7
279 F 7

284.7
289.7
299.7
304.7
309.7
314.7
324.7
329.7
339>7

344.7
359 ~ 7

364.'7

399.7
404.7
424,7
449 '
454,7
469.7
474 >'7

489,7
499.7
519.7
529.7
534 ~ 7

$ 44.7
549 ~ 7

$ $ 4.7
574.7
579.7
609.7
614.7
870.8
870.9
874.7
1979.7
1982.3
2222>2

2222.3
2316.8

LBH/SBC

200.8
201.2
200.4
200.8
200 '

200.3
199 '

199. 9

199.0
199>6

198.7
199.0
198.1
198. 5

197. 6

197 ~ 9

197.0
197.2
196 ~ 2

19$ .8
194>8

194. 4

193.3
193. 8

192 ~ 5

192,8
191.7
191 ~ 7

190.7
190 ~ 9

190 ~ 1

190. 1

189. 5

189 ~ 9

188. 6

188.6
1$ 7.3
82.0
82.0
79.9
79. 8

64. 8

64. 7

64. 7

63. 4

63. 4

BRBAK PATH NO.1 PLOH

THOUSAND BTO/SBC

251.0
251 ~ 5

250.6
2$ 1.0
250.0
250.5
249.5
249.8
248.8
249.5
248.5
248.7
247.7
248.1
247.0
247.4
246.2
246.5
245.3
244.7
243,5
243.1
241.6
242.3
240.6
241.0
239.7
239.7
238 '
238,7
237.7
237>.
236.9
237 4

235.8
23$ .8
234.1
102,. 5

102> 5

94. 4

99. 4

75 ~ 2

80. 5

80.$
78.8
78.8

LBH/SBC

285 ~ 3

2$ 4.9
285.7
285.3
286.1
285.8
286.6
286 '
287.1
286.6
287 '
287.2
288,0
287.6
288.5
288.2
289 '

289.0
289.9
290.4
291.4
291.7
292.9
292 ~ 3

293.7
293.3
294 '

294.4
295.5
295 ~ 2

296.0
296.0
296,7
296.2
297>5

297.5
29$ .8
404. 1

404.1
406.3
406.3

103. 3

103.3
332.2
332.2

BREAK PATH NO.2 PLOH

THOVSmm BTV/SBC

103 ~ 3

103.2
103. 2

'103,0
103. 1

102. 9

103.0
102.8
102. 9

102. 5

102.6
102. 5

102, 5

102.2
102.3
102.0
102. 1

101 ~ 7

101 ~ 8

101>2

101 >3

100. 9

100 ~ 7

100, 4

100. 4

100, 2

100,2
99r9
99,"
99 '
99.S
99 '
99.4

99r0
98.9
98.5
120. 8

120. 8

88.7
155.7
84.8
96.$
96.5
158.0
158.0
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TABLE 14.3.4«39
DOUBLE-ENDED PUMP SUCTION

MINIMUM SI

TIME (SECONDS) .00

MASS BALANCE

28.00 28.00

MASS (THOUSAND I BM)

249.66 870.94 2316.82

INITIAL IN RCS AND ACC 771.32

ADDED MASS PUMPED INJECTION .00

TOTAL ADDED

«*~TOTAL AVAILABLE*"~

.00

771.32

EFLUENT

ACCUMULATOR

TOTAL CONTENTS

BREAK FLOW

ECCS SPILL

TOTAL EFFLUENT

234.00

771.32

.00

.00

.00

***TOTALACCOUNTABLE*** 771.32

.DISTRIBUTION REACTOR COOLANT 537.32

771.32

.00

.00

771.32

57.74

171.20

228.94

542.36

.00

542.36

771.30

771.32

.00

.00

771.32

67.87

161.07

228.94

542.36

.00

542. 36

771.30

771.32

91.01

91.01

862.33

135.93

.00

135.93

726.39

.00

726.39

862.31

771.32

393.02

393.02

1164.34

135.93

.00

135.93

1028.39

.00

1028.39

1164.32

771.32

1087.36

1087.36

1058.68

135.93

.00

135.93

1722.73

.00

1722.73

1858.66
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TABLE 14.3.4-40
DOUBLE"ENDED PUMP SUCTION

MINIMUM SI

TIME (SECONDS) . 00

INITIAL ENERGY

ADDED ENERGY

EFFLUENT

IN RCS, ACC, S GEN

PUMPED INJECTION
DECAY HEAT

HEAT FROM SECONDARY

TOTAL ADDED

***TOTALAVAILABLE*"*
DISTRIBUTION REACTOR COOLANT

ACCUMULATOR

CORE STORED

PRIMARY METAL

SECONDARY METAL

STEAM GENERATOR

TOTAL CONTENTS

BREAK FLOW

ECCS SPILL
TOTAL EFFLUENT

*~*TOTAL ACCOUNTABLE*~*

ENERGY BALANCE

.00 28.00 28.00
ENERGY (MILLION BTU)

901.43 901.43 901.43
.00 .00 .00
.00 8.98 8.96
.00 -5.10 -5.10
.00 3.87 3.87

901.43 905.30 905.30
318.00 12.74 13.64
20.94 15.32 14.42
28.06 13.71 13.71

178.97 168.74 168.74
84.19 84.08 84.08

271.26 275.82 275.82
901.43 570.41 570.41

.00 334.41 334.41

.00 .00 .00

.00 334.41' 334.41
901.43 904.82 904.82

249.66

901.43
6.64

34.20
-5.10
35.75

937.18
30.54

.00
3.19

143.60
77.83

252.03
507.19
421.73

.00
421."3
928.92

901.43
28.69
87.00
-2.19

113.49
1014.92

30.54
.00

3.16
92.94
59.46

189.66
375.76
630.90

.00
630.90

1006.66

901.43
84.57

181.86
4.03

270. 46
1171.89

30.54
.00

2.92
63.41
35.57

116.14
248.57
916.99

.00
916.99

1165.56

870.94 2316.82

0
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TABLE 14 ~ 3.4-41

PARAMETERS USED IN BOUNDING STEAMLINE BREAK

MA ENERGY RELEASES FOR UNIT 1 AND UNIT 2

Parameter Parameter Value

NSSS Power, MWt

Core Power, MWt

RCS Flow, gpm/loop
Minimum Measure Flow, gpm/loop

3608

3588

88500

91600

RCS Temperature, 'F
Core Outlet
Core Average

Vessel Average

Vessel/Core Inlet
Steam Generator Outlet
Zero Load

618.0

615.2

584.6

581.3

547.3

547.1

547.0

RCS Pressure, psia 2250

or
2100

Steam Pressure, psia
Steam Flow (106 lb/hr total)
Feedwater Temp., 'F

820

16.00

449. 0

SG Tube Plugging,

Unit 1 14.3.4-155 July 1997



i~ISd) 38ASS38d 'AV3d NOI SS38dHO"

P~g«e 14.3 4.~ Upper Compartment Peak Compression Pressure versus Blowdown
Rate for .ests Pith 175% Energy Release

Unit 1 14.3.4-166 July 1992
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14.3.5
1

ENVIRONMENTAL'CONSEQUENCES OF A LOSS-OF-COOLANT ACCIDENT

The results of analyses,,presented 'in this section demonstrate that the
amounts of radioactivity released to the environment in the event of a

loss-of-coolant accident do not result in radiation exposures which exceed
the limits specified in 10 CFR 100. The calculated radiation doses are
summarized in Table 14.3;5-7,and Figure 14.3.5-2.

In calculating the above doses it is assumed that following the LOCA,

personnel access to vital areas will not be unduly limited nor will vital
safety equipment be unduly degraded by the post-accident radiation fields.
This concern was specifically raised following issuance of the license, and
the analyses', special equipment, etc,, required to meet this concern are
addressed in References 16 through 29.

Chapters 5 and 6 describe the protective systems and features of the unit
which are specifically designed to limit the consequences of a major loss-
of-coolant accident. The capability of the Emergency Core Cooling System
for preventing melting of the fuel clad and the ability of the passive Ice
Condenser Containment to absorb the blowdown resulting from a major loss of
coolant are discussed in Subchapters 14.3.2 and 14.3.4, respectively. The

capability of the engineered safety features in meeting dose limits set in
10 CFR 100 is demonstrated in this section.

B sic Radioac ivi Removal F atures

Removal of iodine from the Donald C. Cook Nuclear Plant containment
atmosphere following a loss-of-coolant accident is affected by the
containment spray system, the ice condenser, and several natural processes.

The analyses to demonstrate thar the offsite dose consequence results
of radioactivity released to the environment in the event of a loss of
coolant accident analysis are presented in the Unit 2 section 14.3.5.

" The information presented in this Unit 1 section of 14.3.5 on that
topic is for historical information only. However, the information
concerning the Con rol Room Habitabilit Anal sis in this Unit 1
section of 14.3.5 is applicable to both Units 1 and 2.

UNIT 1 14. 3. 5-1 July 1997



The effectiveness of a spray system in quickly and efficiently removing

radioactive iodine has been repeatedly demonstrated in tests conducted at

Oak Ridge National Laboratory (ORNL), Containment Systems Experiment (CSE),

and by reactor manufacturers. For Cook Nuclear Plant, American Electr'c
Power Service Corporation (AEPSC) has performed jointly with Battelle-
Columbus Laboratories a detailed analysis to further study the removal of
gaseous elemental iodine by sprays and to calculate the efficiency when

certain non-ideal factors are considered. From this work we can state that
the spray system in Cook Nuclear Plant will by itself reduce the

radioactive iodine leakage from the containment to'alues which result in
doses below 10 CFR 100 from the maximum hypothetical accident, before

taking credit for the ice condenser removing any gaseous elemental iodine.

Westinghouse has demonstrated the removal of aaseous elemental iodine

through the process of steam condensation in an ice column, and they have

evaluated the efficiency of this iodine removal. This work is reported in
WCAP-7426 Topical Report Iodine Removal in the Ice Condenser System, dated

March 1970 . The data from the Westinghouse tests shows efficient iodine
)

(1)

removal from steam and from mixtures of steam and noncondensibles such as

air. These tests and the iodine removal model applied to the results show

that the ice condenser in a large containment building reduces "he gaseous

elemental iodine concentration after an accident. The treat'ment in the

Westinghouse report ignored any other iod'ine removal system (that is, a

containment spray system, except for the assumptions implicit in the steam

production predictions) .

Because the ice condenser is a substantial additional iodine removal

feature, and although the Cook Nuclear Plant meets the requirements of 10

CFR 100 before taking credit for its iodine removal capability, the effect
of a range of ice condenser iodine removal efficiencies on the

UNIT 1 14.3.5-2 July, 1997



model. The effect of the Ice Condenser as an iodine removal mechanism

has been included by the addition of an ice condenser removal efficiency
to the recirculation fan input term in the continuity equation for the

upper volume.

The removal of a soluble component by a reactive spray in a three
volume system under conditions of a constant mass transfer rate
coefficient in each compartment, and with recirculation flow between

the compartments, assumption of complete mixing, and ice condenser

removal of iodine, is given"by the following equations:

dCB QR QR
ACB+ —C - —C

B B V P V B

dCT (<R QR—=- AC + —C - —C Where: )=1- cdt TT, V B V T
T

F QR QR—=-AC + —C - —Cdt FP U T U P

Where:

'B
C

CF

= ice condenser iodine removal efficiency
= concentration in sprayed portion of lower volume

= concentration in upper volume

~ concentration in fan-accumulator room

N
~ removal coefficient in sprayed portion of lower volume

AF
= removal coefficient in sprayed portion of fan-accumulator room

AT

QR

VB

VT

Vp

removal coefficient in sprayed portion of upper volume

~ recirculation fan flow rate
~ total volume of lower compartment

~ total volume upper compartment '

total volume of fan-accumulator

room'NIT
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with the initial conditions:

t 0, C C and C = 0, C 0, which yieldsB B T '
0

at t=o, —== (Xs+ —) Cs and —= —Cs
dCS QR dC~ pR
dt Vs o dt V~

dC~and —'0
dt

While these simultaneous differential equations can be solved analytically
under the assumption that the removal coefficients in each region (i:e.,

and L ) are constant, the spray code mentioned previously was used
to calculate these removal coefficients as a function of time; that is,
taking into account the conservative assumption that liquid phase and gas

phase, mass transfer resistances reduce the removal coefficients as a

function of time. The result of this analysis is shown in Figure 14.3.5-1,
which shows the decrease in overall airborne iodine concentration as a

function of time for ice condenser iodine removal efficiencies of zero, 20~

and 40% although significantly higher efficiencies are expected for iodine
removal in the calculation of doses. The figure shows that the containment
spiay system by itself is a very effective iodine removal mechanism. In 20

minutes, the total amount of radioactive iodine airborne in the containment
has been reduced by a factor of 100 (i.e., only 1~ of the initial airborne
iodine concentration is left) with the above-mentioned non-ideal phenomena

taken into account (Curve 1). The figure also shows that our conservative
analytical representation of spray coalescence causes a significant
reduction in the efficiency of spray performance.

For example, at about 700 seconds after the accident, without spray droplet
coalescence, the initial airborne iodine concentration would be reduced by
a factor of 1000 (Curve 2). With our coalescence model, the factor is
about 16 (i.e., only 6c of the initial airborne concentration is left, see

Curve 1) .

UNIT 1 14.3.5-16 J i, a997
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Recirculation Leaka e

Subsequent to the emptying of the refueling water storage tank during the

initial phase of emergency core cooling, water from the containment sump is
recirculated by the residual heat removal pumps and spray pumps and cooled

via the residual heat exchangers and spray heat exchangers and then

returned to the Reactor Coolant System and containment. Because the sump

water contains the radioactivity of the spilled reactor coolant, the

potential off-site exposure due to operation of these external
recirculation paths is evaluated.

The recirculation loop leakage to the auxiliary building from the

components of the Emergency Core Cooling System during recirculation is
approximately 1770 cubic centimeters per hour. The leakage from the

Containment Spray System amounts to 2806 cubic centimeters per hour.*

During the recirculation phase of post-accident cooling, the sump water

maximum temperature is calculated to be about 140 F hat t e xnitiation of
recirculation so that essentially no leakage is flashed to vapor. The

volatility of iodine from a simulated recirculation loop solution has been

experimentally investigated.

A solution including boric acid and sodium hydroxide was "spiked" with
molecular iodine and then evaporated to dryness at 200 F in a flo'wing air
stream. The vapor generated by the evaporation process included iodine
entrainment measured to be less than 10 of th '

o t e io one inventory in the

original solution. For conservatism in the analysis, it is assumed that
approximately 4576 cc/hr leak to the auxiliary building for a period of two

hours after initiation of recirculation. The auxil' ilduxi sary u ing
ventilation system or Engineered Safety Features Ventilation System

equipped with charcoal filter then discharges the volatile iodine to the

atmosphere.'These

values were used in the
analyses assumed approximately
building or back to the RWST.

2) require implementation of at outside containment that would
to as low as practical levels.

original offsite dose analysis. Subsequent
10 'gpm of leakage, either in the auxiliary
License amendments 49 (Unit 1) and 34 (Unit
program to reduce leakage from systems
or could contain highly radioactive fluids
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It is also assumed that all the released iodine activity inventory is in
9

the water in the sump which has a total volume of about 2.2 x 10 cc

including reacto" coolant and emergency cooling water, plus the water from

the melting of approximately 50'. of the total ice. Under these

assumptions, the combined leakage from the recirculation system results in

a dose of less than 0.05 mrem to the thyroid in two hours at the site
boundary.» This dose is negligible and would be even less since the

temperature of the recirculated water is substantially reduced so that

little or no vaporization occurs.

The potential off-site consequences from the design basis leakage in the

circulating system discussed here was reevalue"ed. The results of the

surface dose rates outside the concrete wall to each of the post-accident

recirculating systems equipment compartments are in Table 14.3.5-8.

Further reanalyses were performed in this area following issuance of the

license. The references containing this reanalysis are discussed at

'the beginning of this Section 14.3.5.

ontr 1 R m H bi a ili Anal sis

In rodu ion

Analyses were performed to set operating limits on the control room

emergency ventilation system in order to ensure the requirements of General

Design Criterion 19 were met. (GDC 19 limits 30 day doses to control room

personnel to 5 rem whole body, or its equivalent. The NRC has defined "or

equivalent" as meaning 30 rem to the thyroid and 30 rem to the skin.)

The key assumptions of the analysis are contained in Table 14.3.5-9. The

analyses included determination of a plant-specific 95th percentile

atmospheric dispersion factor (X/Q)

UNIT 1

"Subsequent offsite dose and control room dose analyses assumed
approximately 10 gpm of leakage. This leakage could be from any
combination of recirculation fluid leaking in the auxiliary building or
from ECCS fluid leaking into the EST. No credit was taken for engineered
safeguards feature ventilation system iodine removal. (References 39 & 40)
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Failure of the toilet damper in the open position would represent a slight
breach in the Unit 2 control room pressure envelope, reducing the positive
pressure developed by the pressurization fan. Since the control room would

still remain at a positive pressure with this damper open, this failure
would have a negligible impact on control room dose.

a

Failure of the normal intake damper to close would result in unfiltered air
being drawn into the control room. This flow through the normal intake
damper is administratively limited such that it is less than 200 cfm.

Thus, failure of this damper to isolate would result in an additional 200
t

cfm'of unfiltered in-leakage being admitted to the control room until such

time as the damper can be isolated. The control room dose analyses assume

failure of this damper occurs at time zero. The damper is assumed to be

manually closed two hours later.

~Resul s

The evaluation determined that dose to control room operators will be

within the 5 rem whole body, 30 rem thyroid, and 30 rem skin limits
(including the effects of failure of the normal intake damper) if inleakage
is limited by the following equation:

y -0.048X ~ 153, where:

unfiltered inleakage (cfm)

X filtered intake (cfm)

The inleakage
determined to
limits.

limits established by the thyroid dose analyses were

bound the inleakages based on the whole body and skin dose
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TABLE 14.3.5-9

KEY ASSUMPTIONS USED IN EVALUATING

THE CONTROL ROOM DOSES DUE TO A LOCA

FOR THE DONALD C. COOK NUCLEAR PIANT
UNITS 1 AND 2

(Page 1 of 3)
I

Source Term

The core iodine and,noble gas inventories are based on a 3588 MWt
core. This bounds the licensed pover for both Unit 1 (3250 t%t)
and Unit 2 (3411 MWt).

I
'100X, of the core noble gases are released to the containment.

~lotto e

Kr 85m
Kr 85
Kr 87
Kr 88
Xe 131m
Xe 133m
Xe 133
Xe 135m
Xe 135
Xe 138

Curies

2.6E7
8.3E5
4.8E7
6.8E7
7.1E5
2.9E7
2.0E8
4.1E7
4.2E7
1.6E8

50X of the core iodine is released to the containment.

~Ieata e

I-131
I-132
I-133
I-134
I-135

Iodine Plateout Factor 0.5

Curies

5. OE7
7. 3E7
1.0E8
1.1E8
9.5E7

Iodine Species Fraction (X)

Elemental
Organic
Particulate

0.955
0. 020
0.025
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TABLE 14.3.5-9 (cont'd)
(2 Of 3)

Containment Leak Rate, ':/day

0-24 hr
24 hr to 30 days

0.25
0.125

Containment Iodine Removal

Organic Removal
Elemental Removal

Spray
Ice Cond.

Part . Removal (hr-1)
DF s 100
DF ) 100

no credit taken

per UFSAR Figure 14.3.5-1
30% efficiency

6.7
0.67

Atmospheric Dispersion Factor (Chi/Q)

0-8 hour (sec/m') 7.85E-4

The,0-8 hour Chi/Q is adjusted for wind speed, wind direction, and
occupancy according to Table 1 of Murphy-Campe.

Control Room HVAC Filter Efficency,

Particulate
Elemental, Organic

99
95

Miscellaneous

Control Room Volume (ft')
Breathing Rate (m'/sec)

62,356
3.47E-4
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0
TABLE 14.3.6-1

Corrosion of Aluminum Allo s in Alkaline Sodium Borate Solution

Tempsrature
F

275

275

200

Alloy'ype

5052

5005

6061

Test
Duration

3 hrs.

3 hrs.

320 hrs.

96.2

840

1230

10770

15.4 197 "

corrosion Rate
mg/dm /hr mils/year

Exposure
pH Condition

9 Solution

9 Solution

9.3 Solution

Reference

WCAP-7153, Table 9

WCAP-7153, Table 9

WCAP-7153, Table 8
WCAP-7153, Figure 9

210

210

210

284

5052

5052

5005

5052

7 days

2 days

2 days

1 dBy

53.0

14.0

27.1

678

179

347

692

Solution

9 Solution

9 Solution

9.3 Spray

WCAP-7153, Table 7
WCAP-7153, Figure 8

WCAP-7153, Table 5

WCAP-7153, Table 5

ORNL-TM-2425,
Table 3.13

284

212

212

5052

6061

6061

1 day

3 days

3 days

31.5

126

110

403

1610

9.3 Solution

9.3 Spray

9.3 Solution

ORNL-TM-2425,
Table 3.13

ORNL-TM-2368,
Table 3.6

ORNL-TM"2368,
Table 3.6

150

150

6061

5052

7 days

7 days

2.9

53.8 9.3 Solution

37.1 9.3 Solution PWRD recent data

PWRD recent data
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TABLE 14.3.6-2

Post-Accident Containment Tem erature Transient
Used in the Calculation of Aluminum Corrosion

Time Internal sec
0

Tem erature F

0 - 1000

1000 - 3600

3600 - 20400

20400 - 1 Day

)1 Day

240

170

187

161

147
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!

b., Circumferential breaks were examined in piping runs and branch
runs exceeding a nominal 1-. inch diameter. A circumferential break
is perpendicular to the pipe axis, and the break area is equivalent
to the cross-sectional flow area of the ruptured pipe. Dynamic

forces resulting from such breaks are assumed to cause pipe move-
ments perpendicular to the plane of the break.

Desi n Basis Crack

A design basis crack is defined as a single open crack of a size of
one-half the pipe inside diameter in length and one-half the pipe wall
thickness in width. The location of this break can be anywhere along
the length of the pipe.

Crack Location

Where high-energy pipes are routed in the vicinity of structures and

systems necessary for safe shutdown of the nuclear plant, a single
postulated crack in the pipe system

adverse location. The criteria for
impingement and resulting steam-air

has been postulated at the most

evaluating the effects of jet
environment are discussed below.

14.4.2.3 Criteria For Pi Ru ture Induced Loads

~pi Whi

The reaction load resulting from pipe rupture has the duration and

initial conditions to adequately represent the jet stream dynamics and

the system pressure characteristics.
4

The piping systems in which pipe ruptures were considered are defined
" in Section 14.4.2.1 The loads induced by pipe rupture include the

effects of any line restrictions, for example, flow limiters, between

the pressure source and the break location.
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If a whipping pipe impacts an adjacent pipe of equal or greater nominal

pipe size and equal or heavier wall thickness, the impacted pipe will be

considered to be free from rupture. Protection from pipe whip is not
required if pipe rupture occurs in such a manner that the unrestrained
movement of either end of the ruptured pipe about a plastic hinge, formed
at the nearest restraint or anchorage, cannot impact any structure, system,
or component required for that incident.

Jet Im in ement

Jet impingement loads on safety-related equipment, components, and

structures have been considered for the design basis cases defined in
Section 14.4.2.2. The magnitude and area of influence of the jet was

determined for each break according to the break location, size and

orientation criteria given in Section 14.4.2.2 -and the procedures described
in Section 14.4.7. The jet forces or loads at the point of rupture are
consistent with those used in the pipe whip analysis, and were based on the
most severe fluid pressure and temperature conditions occurring during
normal operating modes.

Jet Erosion of Con re e

The erosion of concrete by steam jets was evaluated in NCAP-7391,

"Pressurized Nater and Steam Jets Effec=s On Concrete" by Nestinghouse
Atomic Power Division.

In summary, five reinforced concrete beams were subjected to steam jets
with nozzle diameters of 1, 2, and 4 inches. The distances investigated
between nozzles and beams were 1 foot and 4 feet; the initial system

pressure was 2250 psi. The results are as follows:
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the main steam accessway. The main steam piping from steam generators
Nos. 2 and 3,exit the containment at the west main steam enclosure,
enter the main steam stop valves and pipe rupture restraints. They

then enter the main steam accessway where they run horizontally to the
turbine building. The above routing is shown isometrically in Figure
14o4.2-17

'esi

n Bases Breaks

Descri tion of Break Locations

Potential design basis pipe break locations are as shown on the Main

Steam Isometric, Figure 14.4.2-17 and described below. The stresses
for the main steam piping system were calculated with the aid of a

computer program using general flexibilityand response spectra model

analysis techniques. The combined stress values due to thermal
expansion, pressure, weight, and seismic loading conditions have been

computed. The results of these calculations are presented in Tables
14.4.4-1 and 14.4.4-2.

Postulated design basis break locations outside the containment have

been determined on the basis of ANSI 831.1-0-1967 calculated stress
values and the criteria given in Section 14.4.2.2. These consist of:

a ~ The terminal points of the main steam lines at the turbine
stop valves in the Turbine Building and at the containment

wall.

b. The branch point connection in the main steam line for the

turbine bypass headers and intermediate points and the terminal
point on this branch line.

c. The branch point connection in the main steam line for the steam

supply to the auxiliary feedwater turbine-driven pumps.
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d. The branch point connection in the main steam line for the safety
valve and power relief valve header.

e. Two additional intermediate points .chosen on the basis of
relatively highest stress level.

Of the total number of breaks on all steam lines, none exceeded 0.8 S or
A

0.8 (S + S ). See Table 14.4.4-4 for the stress values at the postulated
break locations.

Re ir d E ui men

The equipment required for shutdown in the event of a design basis break in
the main steam line is given in Table 14.4.2-1. Operability of this
equipment provides for reactor trip and the capability to maintain the
reactor at hot shutdown after the break, as well as ultimately achieving
cold shutdown. Required equipment includes associated piping, cables, and

structures required for the equipment to perform its function.

Prote tion from P ten i l Pi e-Hhio Dama

No additional pipe rupture restraints are required to protect the required
equipment listed in Table 14.4.2-1 following the postulated breaks of the
main steam line.

Pro ec i n from Jet Im in ement

The locations that require protection from postulated jets have been

determined. These locations are the intersections between cabling required
to support operation of equipment listed in Table 14.4.2-1 and the high
energy lines. Protection is provided at these locations by either 1)

installation of impingement barriers, 2) moving the cable to non-critical
locations, or 3) other appropriate measures.
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14.4.3 ANALYSIS OF EMERGENCY CONDITIONS

The an'alyses of emergency conditions listed below are general in nature

since it is deemed appropriate to allow for assessment of the incident
prior to ultimately bringing the reactor to cold shutdown.

For all of the postulated high energy break sources, appropriate detection
l

and shutdown can be brought about solely through use of the instrumentation
listed in Table 14.4.2-1. However, the following analysis presents a

consideration of the expected method of operation associated with the high
energy line break outside the containment.

14.4.3.1, Main S m Line Ruo ur

The following systems provide for the necessary safeguards system response

to a steam pipe rupture outside the containment.

1. Safety injection system actuation from any of the following:

a. Two out of three low pressurizer pressure signals.

b. Low main steam line pressure (two out of four lines)

c. Two out of three high differential pressure signals between

a steam line and the remaining steam lines.

The overpower reactor trips (neutron flux and hT) and the reactor
trip occurring in conjunction with receipt of the safety injection
signal.

This "HYBRID" Steamline Break Protection was installed in Unit 1

during the refueling outage of 1997. The previous "OLD" Steamline
Break Protection required high steam line flow in two out of four main
steam lines, in coincidence with either low-low reactor coolant system
average temperature (two out of four loops) or low main steam line
pressure (two out of four lines) .
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Redundant isolation of the main feedwater line'. Sustained high
feedwater flow would cause additional cooldown. Therefore, in
addition to the normal control action which will close the main

feedwater valves, a safety injection signal will rapidly close all
feedwater control valves, and trip the main feedwater pumps.

Trip of the fast acting main steam isolation valves (analyzed for a

closure time of 8 seconds) occurs on any of the following:
a. Low steam line pressure (two out of four lines) .*
b. High steam flow in any two steam lines in coincidence with low-

low reactor coolant system average temperature in any two loops.

Each .steam line has a fast-closing stop valve capable of stopping flow
in either direction. These four valves prevent blowdown of more than
one steam generator for any break location even if one valve fails to
close. In addition each main steam line incorporates a 16 inch
diameter 'venturi type flow restrictor which is located inside the
containment. These components limit the rate of release of steam for
an outside break.

5. Safety injection actuation will also initiate automatic start of the
(

two motor-driven feed pumps. The low-low-level signal in any two
steam gen'erators will start the turbine-driven feed pump.

The plant is designed to accept the steam line rupture outside the
containment with concurrent loss of offsite power (diesel power available
only) and a single active failure in a required system.

For small steam line breaks at power wnich do not cause the reactor power

to 'reach a point at which an immediate reactor trip would occur, no reactor
core safety limit will be violated. The small break will result in a

continued loss of water from the secondary side of the plant and will
eventually result in condenser hotwell low level. This low
* This 'HYBRID" Steamline Break Protection was installed in Unit 1

during the refueling outage of 1997. The previous "OLD" Steamline
Break Protection required high steam flow in coincidence with low
steam line pressure.
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level Mill result in„a loss of ma'n feedwater, and the reactor will be

t ipped on low-low steam generator level or feed/steam flow mismatch.

After the trip, steam release through the break. will cause reactor coolant
system cooldown. The cooldown would occur until the steam generator
feeding the break empties. The cooldown will automatically initiate safety
injection on low pressurizer pressure. Initiation of safety injection will
isolate all main feedwater by tripping closed the main feedwater control
valves, tripping closed the main feedwater pump discharge valves, and

tripping the main feedwater pumps.

Should the plant be at hot standby or subcritical at the time of a small
steam line break, the plant will be cooled down by the operator who would
have other systems available following the incident to facilitate an

orderly shutdown of the 'reactor. Hence the method and procedure to be used,
for shutdown will be determined by the operator based on the equipment
available.

14.4.3.2 Feedwater Line Ru ure

The following systems provide necessary orotection against a loss of normal
feedwater:

1. Reactor trip on low- low water level in any steam generator.

2. Reactor trip on steam/feedwater flow mismatch coincident with low
water level in any steam gen'erator.

3. Two motor driven auxiliary feedwater pumps (450 gpm nominal each)

which are started on:

a. Low-low level in any steam gene ator
b. Trip of all main feed pumps
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c. Any safety injection signal
d. Blackout signal
e. Manually

- Each of these pumps feeds two steam generators in its unit.

4. One turbine driven auxiliary feedwater pump (900 gpm) which is
started on:

a. Low-low level in any two steam generators
b. Reactor coolant pump bus undervoltage
c. Manually

The turbine driven auxiliary feedwater pump feeds the four steam

generators on its unit.

Following the reactor and turbine trip from full load, the water level in
the steam generators will fall due to the reduction of steam generator void
fraction and because steam flow through the safety valves continues to
dissipate the stored and generated heat. Following the initiation of the
low-low level trip, the aux'iary feedwater pumps are automatically
started, reducing the'rate of water level decrease. The capacity of the
auxiliary feedwater pumps is such that the water level in the steam

generators does not recede below the lowest level at which sufficient heat
transfer area is available to dissipate core residual heat without,water
relief from the reactor coolant system relief or safety valves. The plant
is designed to accept this failure (feedwater line rupture) with concurrent
loss 'of off-site power (diesel generator power available only) and a single
active failure in a required system. In addition, all required systems" are
operable from the control room or accessible for manual operation.
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TABLE 14.4.4-3 intentionally deleted;

Table text moved to Table 14.4.10-2
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TABLE 14.4.4-4

STRESS VALUES AT POSTULATED BREAK LOCATIONS
ALLOVABLE STRESS ~ 30 000 PSI

Main Steam Leads 1 & 4

Node
Failure

No. Total Stress

1
2
3

4
6

9
26
27

1A, 4A
1B, 4B
1I, 4I
1C, 4C
1D, 4D
1E, 4E
1F, 4F
1G, 4G
1H, 4H

. Main Steam Leads 2 & 3

12,500
28,120
20,640
32,060
27,820
18,810
8,280
8,280

25,790

1

3

4
19
5

6

8

20
21

2A, 3A
2B, 3B
2H, 3H
2D, 3D
2F, 3F
2G, 3G

2C, 3C
2E, 3E
2I, 3I

Main Steam to Auxiliar Feed Pum Turbine

7,446
22,095
21,142
8,413

22,464
21,981
25,105

7,755
7,406

37
40
39
38
45
46
63

A5B
A5C
BSB
BSC
5D
5E
5F
5G

18,530
17,750
17,390
17,890
19,790
23,420
25,790
8,740

(See Table 14.4.2-5 for Failure Descriptions)
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Instruments

The instruments required for the high energy line incident as identified in
Table 14.4.10-1 were enclosed and/or modified by their respective
manufacturers to withstand the anticipated adverse, environment.

The instruments and transmitters identified in Table 14.4.10-2 are located
in areas unaffected by the adverse environment. The instrumentation supply
and signal lines and cable routings were reviewed to determine if they are
routed in areas of possible adverse environment. Any items found to be

routed in these areas were either rerouted or adequately shielded from
these adverse conditions.

14.4.10.3 ~S als

The control room hnd electrical switchgear room are provided with seals on

doors and penetrations which adequately protect these areas from the
adverse environment associated with the high-energy line incident. 2'or

those areas containing equipment which is not qualified to perform its
function under this adverse environment, seals are provided on doors and

penetrations.

The only door from the above areas to the auxiliary building is an

emergency fire exit from the back of the control room panel. This door is
under strict administrative control, sealed to control room isolation
criteria, and exits to an area containing no high energy lines.
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14.4.10.4 Ventilation

Protection From Auxiliar Buildin Environment

No structural modifications were required to prevent the adverse steam

environment from entering the electrical switchgear room or the control rod

drive equipment room. Seals on the doors adequately control the steam
l

input from a line rupture.

Protection from Turbine Buildin Environment

The Seismic Class I auxiliary feedwater pump rooms, battery rooms, and the

4160 volt switchgear rooms are similarly isolated from any adverse

environment resulting from postulated high-energy pipe ruptures in the

turbine building by the inclusion of back-draft or fire curtain dampers in
each ventilation duct penetrating its boundary and by sealed doors.
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TABLE 14.4.10-1

TRANSMITTERS TO BE PROTECTED

MITH SUPPLY AND SIGNAL LINES

Feedvater Floe

FFC - 210, 211, 220, 221, 230, 231, 240, 241,

1st Sta e H.P. Turbine Pressure

MPC - 253, 254

f

S.G. Main Steam Pressure

MPP - 211, 221, 231, 241

MPP - 210, 220, 230, 240
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TABLE 14 . 4 . 10-2

UPPLY & SIGNAL LINES TO BE PROTECTED

Pr s urizer
NLP - 151, 152, 153

NPP - 151, 152, 153

NPS - 153

NRV - 151, 152, 153

St am nera or
BLP - 110, 111, 112, 120, 121, 122, 130, 131, 132, 140, 141, 142

MRV - 213, 223, 233, 243, 211, 221, 231, 241, 212, 222, 232, 242
R fuelin Wa er S ra e Tank RW T

ILA - 950, 951

ITA - 900

B ron In'ec i n Tank

ITC - 251

ITA - 250

R idual Hea R mova1

IRV - 311, 310, 320

IFC - 315, 325

Essen i l S rvi e Water

WFA - 701, 705, 702, 706

WPA - 707, 705, 706, 708

WPS - 701, 705, 702, 706

WPI - 707, 705, 706, 708

WRV - 766, 767, 768, 769, 776, 777, 778, 779, 761, 762, 763, 764, 771,
772, 773, 774

WDS - 701, 702, 703, 704

C m onen C lin Water

CRA - 415, 425

CLA - 410, 411, 412, 413

CRV - 412, 410, 411
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For radiation considerati'ons, a mild environment is one in which the
4integrated dose is less than 10 rads.. For organic materials, radiation

qualification may be readily justified by existing test data or operating
4experience for radiation exposures below 10 rads. For electronic

components, however, failures in metal c xide semiconductor devices occur at
somewhat lower doses. For this reason, radiation qualification for
electronic components may have a lower exposure threshold.

14.4.11.2 HELB Inside ntainment

The LOCA and the MSLB are considered inside containment. The LOCA will
result in maximum radiation doses, and elevated temperatures and pressures.
The LOCA may also activate the containment spray system, producing an

environment of chemical spray for some portion of the accident.

The MSLB will usually produce higher temperatures and pressures, but will
release less radiation, although it may also activate the containment spray
system. Radiation doses from the MSLB are essentially nil when steam

generator tube integrity is maintained.

The LOCA and the MSLB provide bounding conditions for temperature,
pressure, and radiation.

Environment conditions are further discussed below.

14.4.11.2.1 Tem eratur an Pressure

The long-term temperature and pressure profiles for the LOCA in Units 1 and

2 are shown in Figures 14.3.4-6 and 14.3.4-7. Temperature and pressure
profiles for the MSLB inside lower containment are shown in Figures 14.3.4-
11 through 14.3.4-16. Table 14.4.11-2 tabulates the peak calculated
temperatures and pressures for the LOCA and MSLB and feedwater line breaks
inside containment.
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14.4.11.2.2 Chemical S rav

Following a LOCh, the containment sump water will consist of spray ~ater,
melted ice impregnated with sodium tetraborate, and primary system ~ater.

The Technical Specifications limits for capacity and boron concentration
for the various contributors to the containment spray were used to evaluate

(6)the range of boron in the containment spray . During the in)ection
phase, the boron concentration range of the spray is approximately
2400-2600 ppm, resulting in a pH of 6.8 to 7.0. During the recirculation
phase, the initial solution pH is 12.9 for approximately two hours (7)

Following this, the boron concentration and pH would be approximately 2400
(8) '

ppm and 9.3, respectively

14.4.11.2.3 Flood in Elevation

The flood level for the containment sump is 613'-2" . Any safety-related, (9)

equipment located belo~ the flood level will actuate before it becomes
submerged. No equipment is presently required to be qualified for
submergence.

14. 4. 11. 2. 4 ~Humid'

Zt is assumed that the containment atmosphere vill be pure steam or a

mixture of steam.and noncondensibles at 100% relative humidity.

14.4.11.2.5 Radiation

Radiation doses inside containment are calculated by using the integrated
gamma and beta radiation dose tables for either the upper or lower volume
compartments of the containment. For devices above elevation 613'-2", the
radiation doses in Table 14.4.11-3 are used. For devices that have been

0

submerged below elevation 613'-2", the radiation doses in Table 14.4.11-4
are used.
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TABLE 14.4.11-1 DELETED

(For pagination purposes, this page represents pages 14.4.11-8 through
14.4.11-18.)
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Table 14.4.11-2

PEAK ENVIRONMENTAL QUALIFICATION CONDITIONS FOR

LOCA, MSLB, AND FEEDWATER LINE BREAK iNSIDE CONTAINMENT

LOCA

~Tm 'P Press is
Location

Upper Comp.

Lower Comp.

Inst. and F/A Room

160<')

230'b

230

27.2< )

" 27.2< )

28.6<"

MSLB AND FEEDWATER LINE BREAK

~Ltion
- Upper Comp.

Lower Comp.

DC.
130')

326 <')

35. S<s)

3S. S<>)

USFAR Figure 14.3.4-7

UFSAR Figure 14.3.4-8

USFAR Figure 14.3.4-5

USFAR Figure 14.3.4-46

USFAR Figure 14.3.4-11A

UFSAR Table 14.3.4-10

UFSAR Table 14.3.4-46 reports this value calculated for the Steamline

Break in the Steam Generator Doghouse. The Steam Generator Doghouse

peak pressure is a bounding value for Upper and Lower Containment.
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Table 14.4.11-9

Peak Environmental Qaulification Conditions for HELB Outside Containment
Com artment

East Main Steam Enclosure

West Main Steam Enclosure

Main Steam Accessway

Diesel Generator Pipe Tunnel

Turbine Driven Pump Room

Vestibule

ESW Tunnel,

Feedwater Tunnel

Turbine Room (Turbine Bldg. 609'lev.)
Diesel Generator Room

Startup Blowdown Flashtank Room

Tem erature oF

488 ')
449

398

350

225 (')

282 «)

298 (h)

217 (a)

295 (i). (j)

Pressure sia

2.62

2.62

26.2

26.2

16. 0,("
16.0 ("

(f),())

(f)r(a)

(f). ( )

14 9 (a)

9 (i). (j)

(b)

(c)

(a)

(e)

Calculation TH-93-01, Su erheated Steam - East Enclosure Tem erature Profile Durin Cold Weather, March
3, 1993.
Calculation TH-90-07, Steamline Break Outside Con ainment, November 30, 1990.
Specification DCC-NOSS-106-QCN, Anal tical Basis for Environmental uglification of E ui ment, Rev; 2,
Novmeber 27, 1995, value attributed to calculation TH-90-07.
Calculation TH-96-01, Diesel Generator Room Tem eratures and Pressures Fo]lowin an HELB in the West
t am Encl sure, January 4, 1996.

Specification DCC-NOSS-106-QCN, Anal tical Basis for Environmental uglification of E ui ment, Rev. 2,
November 27, 1995, value attributed to Letter, R. G. Vasey to B. J. Gerwe, "Temperature of Turbine Driven
Auxiliary Pump (TDAFP) Room Following a High Energy Line Break," June ll, 1993.
Letter, J. F. Etzweiler to L. F. Caso, February 27, 1980.
Calculation TH-96-04, Feedwater Line Break in Accesswa be ween East Enclosure and Auxilia Buildin
February 6, 1996.
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( jc)

(l)

Calculation TH-95-01, Donald C. Cook Nuclear Plant Anal sis of Main Steam Line Break in Turbine Buildin
November 6, 1995.
Calculation TH-95-16, Start-u Blowdown Flashtank Room Post-HELB Conditions With Door 369 0 n to AES
V ntilation Shaf Room, February 6, 1996.
Calculation TH-96-05, HELB Evaluation for Various Door Confi urations in the AES Shaft Room, April 22,
1996,
Letter, R. G. Vasey to K. J. Munson, August 7, 1986.
A peak pressure of 14.9 psia was calculated in Reference (d).
A peak pressure of 16.0 psia was calculated in Reference (g).
A peak pressure of 15.2 psia was calculated in Reference (h).
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14.0 SAFETY ANALYSIS

This chapter presents an evaluation of the safety aspects of Unit 2 of Cook

Nuclear Plant and demonstrates that Unit 2 can be operated safely even if
highly unlikely occurrences are postulated. It also shows that radiation
exposures to the public as a result of these highly unlikely occurrences do

not exceed the guidelines of 10 CFR 100.

Unit 2 of Cook Nuclear Plant was initially loaded with fuel fabricated by

Westinghouse Electric Corporation for the first three cycles. From Cycle 4

through Cycle 7, reload fresh fuel was fabricated by Siemens Power

Corporation previously known as Advanced Nuclear Fuel and Exxon Nuclear

Company. Starting with Cycle 8, the fabrication of fresh reload fuel is
again furnished by Westinghouse, this time using the 17 x 17 Vantage 5 fuel
assembly design. The transition to a reactor core completely composed of
Westinghouse vantage 5 fuel assemblies was comp'eted at the beginning of
Cycle 10 (i.e., the 1994 refueling outage). To the extent that the safety
analyses in. this chapter involve a particular fuel design, it is the

Westinghouse Vantage 5 fuel that is considered.

This chapter is divided into the three sections described below, each section
dealing with a different (licensing basis) category of fault

conditions.'he

ANS Conditions ZZ, IIZ, and IV are based on the anticipated frequency of
their occurrence and are related to the licensing basis categories as des-

cribed below. There are four ANS fault conditions: Condition I, Condition
ZI, Condition ZZI and Condition ZV. ANS Condition I occurrences do not re-
quire a safety analysis because they represent normal operational transients.

ANS Condition II occurrences are faults that may occur with moderate

frequency during the life of the plant. They are accommodated with, at most,

a reactor shutdown with the plant being capable of returning to operation
after a corrective action.'n addition, no ANS Condition II occurrence shall
cause consequential loss of function of fuel cladding and reactor coolant
system barriers.

The three categories of fault conditions analyzed in this chapter do not
have a one to one correspondence with the ANS Conditions II, IZI, and Iv, but
each fault'ondition in, each category is also identified as either ANS
Condition ZZ, III or IV.

UNIT 2 14. 0-1 July 1997



ANS Condition III occurrences are faults that may occur very infrequently
during the life of the plant. They may be accompanied by the failure of only
a small fraction of the fuel rods although sufficient fuel damage might occur

to preclu.:= resumption of the operation for a considerable outage "ime. The

release of radioactivity will not be sufficient to interrupt or restrict
public use of those areas beyond the exclusion radius. An ANS Condition III
occurrence will not, by itself, generate an ANS Condition IV fault or result
in a consequential loss of function of the reactor coolant ~vstem or
containment barriers.

ANS Condition IV occurrences are .aults that are not expected to .ake place,
but are postulated because their onsequences would include the potential for
the release of significant amounts of radioactive material. These are the
mc drastic occurrences that must be designed against and represent limiting
design cases. ANS Condition IV occurrences shall not cause a fission product
release to the environment resulting in radiation exposure to the public in
excess of the guidelines in 10 CFR 100. A single ANS Condition IV occurrence

shall not cause a consequential loss of required functions of systems needed

to cope with the fault including those of the emergency core cooling system

(ECCS) and the containment.

ead oa o e o

The ma]ority of the fault conditions discussed in this section are ASS

Condition II occurrences. Section 14.1 also includes an ANS Condition III
occurrence, complete loss of forced reactor coolant (Section 14.1.6.1), and

an ANS Condition IV occurrence, locked rotor (Section 14.1.6.2).

The fault conditions listed in this section are very infrequent and may lead
to a breach of fission product barriers. Section 14.2 includes events other
than AHS Condition III occurrences, such as rupture of a control rod drive
mechanism housing (Section 14.2.6), maJor rupture of a main feedwater pipe
(Section 14.2.8), and rupture of a steam line (Section 14.2.5), which are ANS

Condition IV occurrences.
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14 1 CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS

The reactor control and protection system is relied upon to protect the
core and reactor coolant boundary against the following fault conditions:

1. Uncontrolled RCCA bank withdrawal from a subcritical condition.

2. Uncontrolled RCCA bank withdrawal at power.

3. RCCA misalignment (this encompasses 14.1.3 RCCA misoperation and

14.1.4 RCCA drop).

4. Uncontrolled boron dilution.

5. Loss of forced reactor coolant flow (including locked rotor).

6. Startup of an inactive reactor coolant loop.

7. Loss of external electrical load or turbine trip.

8. Loss of normal feedwater.

9. Excessive heat removal due to feedwater system malfunction.

10. Excessive load increase

ll. Loss of offsite power (LOOP) to the station auxiliaries.

12. Turbin~enerator over speed.

A roaster trip is derided doo asalytioai yorposas as the issertioo of aii
full length RCCAs except the most reactive one which is assumed to remain

in the fully withdrawn position. This is to provide margin in shutdown

capability against the remote possibility of a stuck RCCA condition at a

time when shutdown is recpxired.
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Instrumentation is provided for continuously monitoring all individual
RCCAs together with their respective bank oosition. This is done in the
form of a deviation alarm system. Procedures are established to correct
deviations. In the worst case the plant will be shutdown in an orderly
manner and the condition corrected. Such occurrences are expected to be

extremely rare based on operation and test experience to date. In
summary, reactor protection is designed to prevent cladding damage in all
fault conditions listed above.

The simulation of the fault conditions listed above was based upon a

number of conservative assumptions summarized in the following sections.
Parameters and assumptions that are common to various safety analyses are
described below to avoid repetition in subsequent sections.

This material applies to most of the safety analyses described in sections
14.1 and 14.2 and the steam mass and energy release portions of sections
14.3.4 and 14.4. There is also some information related to LOCAs. Most
of the information related to LOCA and containment analys s can be found
in section 14.3
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14.1.0 Pl nt haracteristics and Initial C nditions Used in Safe

a~eel ses

14.1.0.1 Plant Conditions

The "full window" (cases 1 through 6) of the range of plant nominal
operating conditions assumed in the safety analyses are presented in Table
14.1.0-1.I The Non-LOCA safety analyses and evaluations presented in the
following sections (Sections 14.1 and 14.2) provide support for a "full
window" (cases 3 through 6) of the range of plant nominal operat'ng
conditions when a full Westinghouse VANTAGE 5 core is in place at Cook

Nuclear Plant Unit 2. 'ases 1 and 2 were used for safety analyses for two
, fuel transition cycles, cycles 8 and 9. Brief descriptions of cases 1

through 6 follows Table 14.1.0-1.
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14.1.0.2 Initial Conditions
For most occurrences which are DNB limited, nominal values of initial
conditions and the RCS minimum measured flow (366,400 gpm) are assumed.

The allowances on core thermal power, RCS temperature, pressure and flow
are determined on a statistical basis and are included in the design limit
DNBR as described in WCAP-11397 (Reference 1). This procedure is known as

the Revised Thermal Design Procedure (RTDP)

For occurrences that are not DNB limited or in which RTDP is not employed,
the initial conditions are obtained by adding the maximum steady-state
errors to nominal values. In addition, the RCS thermal design flow
(354,000 gpm) is used. The following maximum steady-state errors are
considered:

A. Core Power + 2; calorimetric error allowance

B. RCS Average Temperature 0 o
+ 4.1 F/-5.6 F controller and

measurement error allowance

C. RCS Pressure ~ 62.6 psi steady-state
fluctuations and measurement error
allowance

Tables 14.1.0-2 and 14.1.0-3 summarize initial conditions and computer
codes used in the safety analysis of occurrences in sections 14.1.1
through 14.1.12 and sections 14.2.5, 14.2.6, and 14.2.8, and shows which
occurrences employed a DNB analysis using the RTDP.

14.1.0.3 Core Thermal Power Distribution

The transient response of the reactor system is dependent on the initial
core thermal power distribution. The nuclear design of the reactor core
minimizes adverse power distribution through the placement of RCCAs and

through operation instructions. The power distribution may be

characterized by the radial peaking factor, F<, and the total peakinghH
factor, F . The peaking factor limits are given in the Technical
Specifications.
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For occurrences which may be DNB limited the radial peaking factor is of
importance. The radial peaking factor increases with decreasing power
level due to RCCA insertion., This 'ncrease in F - is included in the core4H
limits illustrated in Figures 14.1.0-5 and 14.1.0-6. All occurrences that
may be DNB limited are assumed to begin with a F consistent with thehHinitial power level defined in the Technical Specifications. ~

N

,The axial power shapes used in the DNB calculation are discussed in
Chapter 3.

The radial and axial power distributions described above are input to the
THINC Code as described in Chapter 3.

For occurrences which may be overpower limited the total peaking factor, "

F is of importance. All occurrences that may be overpower limited are
assumed to begin with plant conditions including power distributions which
are consistent with reactor operation as defined in the Technical
Specifications.

For overpower occurrences which are slow with respect to the fuel rod
thermal time constant, for example the uncontrolled boron dilution
occurrence which lasts many- minutes, and the excessive load increase
occurrence which reaches equilibrium without causing a reactor trip, fuel
temperature limits are discussed in Chapter 3. For overpower occurrences
which are fast with resoect to the fuel rod thermal time constant, for
example the uncontrolled,RCCA bank withdrawal from a subcritical condition
and RCCA ejection, occurrences which result in a large power rise over a

few seconds, a detailed fuel heat transfer calculation is performed.
Although the fuel rod .thermal time constant is a function of system
conditions, fuel burnup and fuel rod power, a typical value at
beginning-of-life (BOL) for high power fuel rods is approximately
7 seconds.

14.1.0.4 Reactivity "oefficients Assumed in the Safety Analyses

The transient response of the reactor coolant system is dependent on
reactivity feedback eff cts, in particular the moderator temperature
UNET 2 14. 1.0-3 July, 1997
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coefficient and the Doppler power coefficient. These reactivity
coefficients and their values are discussed in detail in Chapter 3.

In the safety analyses of certain occurrences, conservatism requires the

use of large reactivity coefficients, whereas in the safety analyses of
the other occurrences, conservatism requires the use of small reactivity
coefficients. Some analyses, such as loss of reactor coolant from cracks

or ruptures in the RCS, do not depend on reactivity feedback effects. The

values used are given in Tables 14.1.0-2 and 14.l..0-3. Figure 14.1.0-1
shows the upper and lower Doppler power coefficients, as a function of
core thermal power, used in the safety analyses. The justification for
use of conservatively large versus small reactivity coefficients is
treated on a case-by-case basis. In some cases this implies that
conservative parameters from both beginning and end-of-life (EOL) are used

for a given occurrence to bound the effects of core life. For example, in
a load increase occurrence it is conservative to use a small Doppler

defect typical of end-of-life (EOL) and a small moderator coefficient
typical of beginning-of-life (BOL)

14.1.0.5 Rod Cluster Control Assembly (RCCA) Insertion Characteristics

The negative reactivity insertion following a reactor trip is a function
of the acceleration of the RCCA and the variation in RCCA worth as a

function of RCCA position.

With respect to safety analyses, the critical parameter is from the start
of insertion up to the dashpot entry or approximately 85: of the RCCA

travel. For safety analyses, the insertion time to dashpot entry is
-conservatively taken as 2.7 seconds. The RCCA position versus time

assumed in the safety analyses is shown on Figure 14.1.0-2.

versus normalized RCCA insertion for a core where the axial power

distribution is skewed to the lower region of the core. This curve is
used as input to all safety analyses point kinetics core models. There
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is inherent conservatism in the use 'of this curve in that it is based on a

bottom skewed axial power distribu"ion. For cases other than those
associated with axial xenon oscillations, significant negative reactivity
would have been inserted due to the more favorable axial power

distribution existing prior to trip.

The normalized RCCA negative reactivity insertion versus time is shown on

Figure 14.1.0-4. The curve shown in this figure was obtained by combining
Figures 14.1.0-2 and 14.1.0-3. Except where specifically noted otherwise,
the safety analyses assume a total negative reactivity insertion of 4.0'.
hk/k following a reactor trip. This assumption is consistent with the
core design.

The normalized RCCA negative reactivity insertion versus time curve for an

axial power distribution skewed to the bottom (Figure 14.1.0-4) 's used in
the safety analyses.

For safety analyses requiring the use of a dimensional diffusion theory
code (TWINKLE, Reference 6), the negative reactivity insertion resulting
from a reactor trip is calculated directly by the .code and is not"
separable from other reactivity feedback effects. In this case, the RCCA

position versus time of Figure 14 .1.0-2 is used as a code input.

14.1.0.6 Reactor Trip Points and Time Delays to Reactor Trip Assumed in
the Safety Analyses

14.1.0.6.a Reactor Protection System (RPS) Setpoints and Time Delays

j
A reactor trip signal acts to open the two reactor trip breakers connected
in series feeding power to the RCCA control drive mechanisms (CDMs). The

loss of power to the mechanism coils causes the mechanisms to release the
RCCAs, which then fall by gravity into the core. There are various
instrumentation delays associated with each tripping function, including
delays in signal actuation, in opening the reactor trip breakers, and in
the release of the RCCAs by the CDMs. The total delay to a reactor trip
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is defined as the time delay from the time that reactor trip conditions
are reached to the time the RCCAs are free and begin to fall. Limiting
reactor trip setpoints assumed in the safety analyses and the time delay

assumed for each reactor trip function are given in Table 14.1.0-4. It
should be noted that the high pressurizer water level reactor trip was

assumed in the safety analyses.

The safety analyses presented in the following sections assume that the

reference average temperatures (T'nd T") used in the OTDT and OPDT

setpoint equations are rescaled to the full power RCS average temperature

each time the cycle RCS average temperature is changed. It is also
assumed that the reference pressure (P') in the OTDT equation is set equal

to the appropriate nominal RCS pressure (2250 psia or 2100 psia). The

safety analyses also assume recalibration of the NIS excore detectors to
compensate for the changes in coolant density each time the, cycle
operating conditions are changed.

Reference is made in Table 14. 1.0-4 to the overtemperature (OT) and

overpower (OP) dT reactor trips shown in Figures 14.1.0-5 and 14.1.0-6.
These revised OThT and OPET setpoints were calculated based on the new

core thermal safety limits using the methodology described in Reference 2.

Because of the use of the W-3 correlar.ion for ANF fuel in the transition
cycles, the core thermal safety limits for transition cycles are limited
by rhe ANF fuel. For a full VANTAGE 5 fuel, these core thermal safety
limits are less restrictive. Two sets of OThT and OP4T setpoints were

calculated. The first set of these setpoints is calculated based on r.he

most restrictive core thermal safety limits in the transition cycles
(Cycles 8 and 9) and the second set is calculated for a full core of
VANTAGE 5 fuel. The following DNB-related safety analyses are performed

twice to include the variation in the core thermal safety limits and the

OThT and OPhT reactor trip setpoints between a mixed core and a full
VANTAGE 5 core:

(a) Uncontrolled RCCA Withdrawal at Power

(b) Excessive Load Increase Incident

UNIT 2 14.1.0-6 July, 1997



(c) Excessive Heat Removal due to Feedwater System Malfunctions

(d) Loss of External Electric Load or Turbine Trip

Figure 14.1.0-5 presents the allowable RCS loop average temperature end

vessel hT as a function of RCS pressure for the transition cycles
(Cycles 8 and 9). This figure presents the most limiting operating
configuration (nominal core thermal power 3588 MWt, nominal RCS T-avg

0
576 F, nominal RCS pressure 2250 psia) of the potential future rerating
range of conditions described in Table 14.1.0-1 (case 1) for the
calculation of the OTdT and OP4T protection setpoints. A RCS flow rate of
366,400 gpm was assumed for generating these setpoints.

The OTET and OPET setpoints calculated for the transition "ycles (cycles 8

and 9) are being used in cycles 10 and 11. This is conservative.

Figure 14 . 1.0-6 presents the allowable RCS loop average temperature and

vessel hT as a function of RCS pressure for the cycles (Cycle 10 and

beyond) with a full VANTAGE 5 core. This figure presents the most

limiting operating configuration (nominal core thermal power 3588 Mwt,
cnominal RCS T-avg 581.3 F, nominal RCS pressure 2100 psia) of the

potential rerating range of conditions described in Table 14.1.0-1
(case 4) for the calculation of the OTAT and OPhT protection setpoints. A

'CSflow rate of 366,400 gpm was assumed for generating these setpoints.

The boundaries of operation defined by the OPhT and OThT trip setpoints
narc represented as "protection lines" on these diagrams. The protection
lines include all adverse instrumentation and setpoint errors so that
under nom'inal conditions a reactor trip would occur within the area
bounded by, these lines. The utility of these diagrams is the fact that
the limit imposed by any given DNBR can be represented as a line. The

DNBR lines represent the locus of conditions for which DNBR equals the
safety analysis limit value. All points below and to the left of a DNB

line for a given RCS, pressure have a DNBR greater than the safety analysis
limit value. These diagrams show that DNB is prevented for all cases if
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the area enclosed within the maximu... protection lines is not traversed by tahe applicable DNBR limit line at any point for a given pressurizer
pressure.

The area of permissible operation <power, pressure, and temperature) is
bounded by a combination of reactor trips: high neutron flux (fixed
setpoint); high pressurizer pressure (fixed setpoint); low pressurizer
pressure (fixed setpoint); Overpower and Overtemperature hT (variable
setpoints) .

The differences between the limiting trip setpoint assumed for the safety
analyses and the nominal reactor trip setpoint in Table 14.1.0-4
represents an allowance for instrumentation channel error and setpoint
error. Nominal reactor trip setpoints are specified in the plant

/
Technical Specifications and are shown in Table 14.1.0-4 for completeness.
The reactor protection system (RPS) channels are calibrated and instrument
response times determined periodically in accordance with the Technical
Specifications.

14.1.0.6.b Engineered Safety Features (ESF) Actuation Setpoints and Time

Delays

Table 14.1.0-5 presents the limiting ESF setpoints assumed in the safety
analyses and the time delay assumed for each ESF actuation function. The

nominal value of the low steamline pressure setpoint assumed was 500 psig.
l

The revised low steamline pressure setpoint value provides operating
margin for the potential reduced temperature operating conditions of
Table 14.1.0-1 (cases 2, 5, and 6) . The difference between the limiting
ESF actuation setpoint assumed for the safety analyses and the nominal ESF

actuation setpoint represents an allowance for instrumentation channel
error and setpoint error. Nominal ESF actuation setpoints are specified
in plant Technical Specifications and are shown in Table 14.1.0-5 for
completeness.

14.1.0.7 Plant Systems and Components Available for Mitigation of
Occurrence Effects
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Table 14.1.0-6 is a summary of reactor trip. functions, engineered safety .

features actuation functions, and other equipment available for mitigation
of accident effects. The trips and actuations in the Table 14.1.0-6
include some that are anticipatory and/or backup functions.. These trips
and actuations are not necessarily taken credit, for the safety analyses.

Xn the safety analyses of the Chapter 14.1 occurrences, control system
action is considered only if that action results in more severe occurrence
results. No credit is taken for control system operations if that
operation mitigates the results of an occurrence. For some occurrences,
the analysis is performed both with and without control system operation
to determine the worst case.

14.1.0.8 Residual Decay Heat

For the non-LOCA safety analyses, conservative core residual decay heat
generation based on long-term operation at the initial power level
preceding the reactor trip is assumed. The 1979 ANS residual decay heat
standard (Reference 3) plus uncertainty was used for calculation of
residual decay heat levels. Figure 14.1.0-7 presents this curve as a

function of time after shutdown.

14.1.0.8.1 Distribution of Residual Decay Heat Following a LOCA

During a LOCA, the core is rapidly shutdown by void formation or
RCCA'nsertion,or both, and a large fraction of the heat generation to be

considered comes from fission product decay gamma rays. This heat is not
distributed in the same manner as steady state fission power. Local
peaking effects
heat generation
state factor of

which are important for the neutron dependent part of the
do not apply to the gamma ray contribution. The steady
97.4% which represents the fraction of heat generated

within the clad and pellet drops to 95~ for the hot fuel rod in a LOCA.

'Credit is not taken for RCCA insertion for the large break LOCA.
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For example, 0.5 seconds after the initiation of a postulated double-ended

large break LOCA (LBLOCA) about 30% of the energy generated in the fuel
rods results from gamma ray absorption. Part of the gamma ray from the

hot fuel rod is absorbed in the fuel rods surrounding the hot fuel rod. A

conservative estimate of this effect is that 10'. of the gamma ray (or 3:
of the total energy) from the hot fuel rod is deposited in the fuel rod

surrounding the hot fuel rod. Since the water density is considerably
lower at this time, an average of 98% of the available energy is deposited
in the fuel rods. The remaining 2% energy is absorbed by water, thimbles,
sleeves, and grids. The net effect is that a factor of 0.95 (98: - 3%)

rather than 0.974 should be applied to the residual decay heat production
in the hot fuel rod.

14. 1.0.9 Other Assumptions

Those analyses that model the mitigative effects of Protection and/or
Engineer Safeguards Features have used the response times provided in
Tables 7.2-6 and 7.2-7.

Some input assumptions differ somewhat from values that may be found

elsewhere in the UFSAR. In particular, Tables 14.1.0-7, 14.1.0-8, and

14.1.0-9 display RCS volumes, steam generator mass, RCS pressure drops
used in the current analyses. These tables can be found in reference 9.

14.1.0.10 Computer Codes Utilized

Summaries of some of the principal computer codes used in the safety
analyses are given below. Other codes, in particular, very specialized
codes in which the modeling has been developed to simulate one given
occurrence, such as those used in the analysis of the reactor coolant
system pipe rupture (Section 14.3.1), are summarized in their respective
safety analyses sections. The codes used in the analysis of each

occurrence have been listed in Tables 14.1.0-2 and 14.1.0-3.
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1 . FACTRAN

FACTRAN calculates the transient temperature distribution in a

cross-section of a metal clad UO fuel rod and the transient heat2
flux at the surface of the clad using as input the nuclear power and

the time-dependent coolant parameters (pressure, flow, temperature,
density). The code uses a fuel model which simultaneously exhibits
the following features:

UNIT 2 14.1.0-11 July 1997



a. A sufficiently large number of radial space increments to
handle fast transients such as a rod ejection accidents.

b. Material properties which are functions of temperature and a

sophisticated fuel-to-clad gap heat transfer calculation.

c. The necessary calculations to handle post-departure from
nucleate boiling (DNB) transients: film boiling heat transfer
correlations, Zircaloy-water reaction, and partial melting of
the fuel.

FACTRAN is further discussed in Reference 4.

L FTRAN

The LOFTRAN program is used for transient response studies of a

pressurized water reactor (PWR) system to specified perturbations in
process parameters. All 4 (four) reactor coolant loops are modeled
in LOFTRAN program. This code simulates a multiloop system by a

model containing the reactor vessel, hot and cold leg piping, steam

generators (tube and shell sides), and the pressurizer. The

pressurizer heaters, spray, relief valves, and safety valves are
also considered in the program. Point model neutron kinetics and

reactivity effects of the moderator, fuel, boron, and RCCAs are
included. The secondary side of the steam generator utilizes a

homogeneous, saturated mixture for the thermal transients. The

reactor protection system (RPS) is simulated to include reactor
trips on high neutron flux, overtemperature dT, overpower hT, high
and low RCS pressure, low RCS flow, and high pressurizer level.
Control systems are also simulated including RCCA, steam dump, and

pressurizer pressure control. The ECCS, including the accumulators,
is also modeled.

LOFTRAN also has the capability of calculating the transient value
of DNBR based on the input from the core thermal safety limits.
LOFTRAN is further discussed in Reference 5.
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3. TNINKLR

The TWINKLE program is a multi-dimensional spatial neutron kinetics
code, which was patterned after steady-state codes used for reactor
core'esign. The code uses an implicit finite-difference method to
solve the two-group transient neutron diffusion equation's in one,
two, and three dimensions. The code uses six delayed neutron groups
and contains a detailed multi-region fuel-clad-coolant heat transfer
model for calculating pointwise Doppler and moderator feedback
effects. The code handles up to 2000 spatial points and performs
its own steady-state initialization. Aside from basic, cross-section
data and thermal-hydraulic parameters, the code accepts as input
basic driving functions such as inlet temperature, pressure, flow,

I

boron concentration, RCCA motion, and others. Various edits are
provided; e.g., channelwise power, axial offset, enthalpy,
volumetric surge, pointwise power and-fuel temperatures.

The TWINKLE code is used to predict the kinetic behavior of a

reactor for transients which cause a major perturbation in the
spatial neutron flux distribution.

TWINKLE is further described in Reference 6.

4 ., ~THIN

The THINC-IV computer program is used to perform thermal-hydraulic
calculations. The THINC-IV code calculates coolant density, mass

I

velocity, enthalpy, void fractions, static pressure, and DNBR

distributions along flow channels within a reactor core under all
expected operating conditions. The THINC-IV code is described in
detail" in References 7 and 8, including models and correlations
used.
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TABLE 14.1.0-1

RANGE OF PLANT NOMINAL CONDITIONS
USED IN SAFETY ANALYSES*

~aram rar

NSSS Power, Mwt
Core Power, Mwt

- RCS Flow, (gpm/loop)
Minimum Measured
Flow, (total gpm)

Case 1

3600
3588
88,500

366,400

~Car 2

3600
3588
88,500

366,400

R T m era ures 'F
Core Outlet
Vessel Outlet
Core Average
Vessel Average
Vessel/Core Inlet
Steam Generator
Outlet
Zero Load

613.5
610.2
579.5
576.0
541.8

541. 6

547. 0

585.8
582.3
550.1
547.0
511.7

511.4
547. 0

RCS Pressure, psia 2250 2250

Steam Pressure,psia
Ste~m Flow,
(10 lb/hr total)

Feedwater Temp., F
0

0 SG Tube Plugging

780.4

15.98

449.0

10

587.0

15.90

449.0

10

A brief description of, each case follows Table 14.1.0-1

(1) LOCA analysis with residual heat removal (RHR) or high head safety
injection (HHSI) Crosstie valves closed based on 3411 Mwt.
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TABLE 14.1.0-1 (continued)

RANGE OF PLANT NOMINAL CONDITIONS
USED IN SAFETY ANALYSES"

~Pr eeet e r Qyse~3 Cere 4 Case 5 C se

NSSS Power, Mwt
Core Power, MWt

RCS Flow,(gpm/loop)
Minimum Measured
Flow, (total gpm)

3600
3588
88,500

366,400

3600
3588
88,500

366,400

3600
3588
88,500

366,400

3600
3588
88,500

366,400

R S T m r ur s 'F
Core Outlet
Vessel Outlet
Core Average
Vessel Average
Vessel/Core Inlet
Steam Generator
Outlet
Zero Load

618.4
615.2
584.8
581.3
547.3

547.1
547.0

618.2
615.0
584.9
581. 3

547.6

547.4
547.0

585.8
582.3
550. 1,
547. 0
511.7

511.4
547. 0

585.7
582.2
550.1
547.0
511.8

511.5
547.0

RCS Pressure, psia 2250 2100, 2250 2100

Steam Pressure, psia
Ste~m Flow,
(10 lb/hr total)

Feedwater Temp., F
0

0 SG Tube Plugging

820.0

16.0

449.0

10

820.0

16.0

449.0

10

587.0

15.9

449. 0

10

587.0

15.9

449.0

10

A brief description of each case follows Table 14.1.0-1

(1) LOCA analysis with residual heat removal (RHR) or high head safety
injection (HHSI) crosstie valves closed based on 3411 MWt.
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A bri f descri tion of various cases listed in Tabl 14.1.0-'1

Case 1 and 2: These parameters cases were used to support operation
during mixed core cycles (Cycles 8 and 9) .

Case 3: These parameters incorporate a core power level of 3588 MWt,

an NSSS power level of 3600 MWt (which includes 12 MWt for
reactor coolant pump heat), an average steam generator tube
plugging'evel of 10<, RCS pressure of 2250 psia, and an upper
bound vessel average temperature of 581.3 F. This parameter0

case was used to support high RCS temperature and high RCS

pressure operation for a full VANTAGE 5 core (Cycle 10 and

beyond).

Case 4:

Case 5:

These parameters incorporate the same features as case 3,

except the RCS pressure is 2100 psia. This parameter case was

used to support high RCS temperature and low RCS pressure
operation for a full VANTAGE 5 core (Cycles 10 and beyond)
These parameters incorporate the same features as case 3,

0except the lower bound vessel average temperature is 547 F.

This parameter case was used to support low RCS temperature
and high RCS pressure operation for a full VANTAGE 5 core
(Cycles 10 and beyond).

Case 6: These parameters incorporate the same features as case 5, "

except the RCS pressure is 2100 psia. This parameter case was

used to support low RCS temperature and low RCS pressure
operation for a full VANTAGE 5 core (Cycles 10 and beyond)
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TABLE 14.1.0-2
SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Fault Conditions

Computer
Codes

Utilized

Reactivity Coefficients Assuned

Moderator Moderator
Temperature Density
+c~m'F~ ~hK Lmmccc~Do ler

DHB

Correlation

Revised
Thermal
Design

Procedure

Initial NSSS

Thermal
Power

Output
~Hilt

Reactor
Vessel
Coolant
Flow
~GPH

Vessel
Average Pressurizer

Temperature Pressure~F ~PS I A

Uncontrolled RCCA
Bank Withdrawal
from a Subcritical
Condition

TWINKLE
FACTRAN

THING

See Section HA
14.1.1.2

(11) W 3 AHF
WRB-2 and
W 3 V-5

Ho 162,840 547.0 2037.0(6)

RCCA Misalignment LOFTRAN

TH INC
NA NA W 3 ANF

WRB 2 V-5
Yes 3600 366,400 581.3 2100.0(10)

Uncontrolled Boron
Dilution

NA

NA
NA

HA
NA

HA
HA

NA
NA

HA
NA
NA

3600
0

NA

NA
HA

NA

NA
NA

Loss of Forced Reactor
Coolant Flow

LOFTRAN

FACTRAN

TH INC

+5 NA Max(4) W-3 ANF
WRB-2 V-5

Yes 3608 366,400 581.3(12) - 2100.0(10)

Locked Rotor
(Peak Pressure)

-LOFTRAN +5 HA Max(4) NA NA 3680 354,000 585.4 2312.6
I

~NA - Hot Applicable
(1) Miniaxzii Doppler po~er coefficient (pcm/empower) = -9.55 + 0.3732Q, where O is in )'o~er (see Figure 14.1.0-1)
(2) Multiple po~er levels, Tavg, and reactivity feedback cases were examined.
(3) Intentionally omitted
(4) Maxinxza Doppler power coefficient (pcm/Xpower) = -19.4 + 0.71760, ~here O is in '/. power (see Figure 14.1.0-1)
(5) Minisxm and maxisxza reactivity feedback cases were examined.
(6) Core Pressure.
(7) Full Power Doppler Power defect at BOL and EOL assizned to be -966 pcm and -893 pcm respectively.
(8) Core thermal power.
(9) Includes reactor coolant pump heat, if applicable.
(10) For transition cycles, pressurizer pressure is 2250 psia.
(11) Zero Power Doppler Power Defect at BOL assuned to be -1081 pcm.
(12) For Transition Cycles, Vessel Average Temperature is 576'F.
(13) Zero Power Doppler only Power defect at BOL and EOL assizned to be .965 pcm and 849 pcm, respectively.
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TABLE 14. 1.0-2 (Continued)
SUMMARY OF INITIAL CONDITIONS AND COHPUTER CODES USED

Fault Conditions

Locked Rotor
(Peak Clad Terp)

Computer
Codes

Utilized

LOFTRAN-
FACTRAN

Hoderator
Temperature~c'F

+5

Moderator
Density
~OK FImmcc gaoler

NA Max(4)

Reactivity Coefficients Assumed

DNB

Correlation

NA

Revised
Thermal
Design

Procedure

Initial NSSS
Thermal
Power
Output
~AllI

3680

Reactor
Vessel
Coolant

Flow
~CPA

354,000 2037.4
I

585.4

Vessel
Average Pressurizer

Temperature Pressure~F ~PF I A

Loss of Normal Feedwater LOFTRAN +5 NA Hax(4) NA 3680 354,000 585.4 2312.6

Loss of Offsite Po~er
(LOOP) to the Station
Auxiliaries

LOFTRAN +5 Max(4) NA NA 3680 354,000 541.4 2312.6

Rupture of a Steam Pipe LOFTRAN See Figure NA
THING 14.2.5-1

See Figure. N-3 ANF
14.2.5-2 W-3 V-5

NO 354,000 547.0 2100.0

'NA - Not Applicable
(1) Hinlsxza Doppler power coefficient (pcm/fewer) = -9.55 + 0.037320, ~here 0 is in % po~er (see Figure 14.1.0-1)
(2) Hultiple power levels, Tavg, and reactivity feedback cases were examined.
(3) Intentionally omitted.
(4) Maxim'oppler power coefficient (pcm/%power) = -19.4 + 0.07176Q, where 0 is in % power (see Figure 14.1.0.-1)
(5) Minimis and maxiaxsa reactivity feedback cases were examined.
(6) Core Pressure.
(7) Full Power Doppler Po~er defect at BOL and EOL assigned to be -966 pcm and -893 pcm respectively.
(8) Core thermal power.
(9) Includes reactor coolant pump heat, if applicable.
(10) For transition cycles, pressurizer pressure is 2250 psia.
(11) Zero Po~er Doppler Power Defect at BOL asswed to be -1081 pcm.
(12) For Transition Cycles, Vessel Average Temperature is 576'F.
(13) Zero Po~er Doppler only Power defect at BOL and EOL assumed to be -965 pcm and -849 pcm, respectively.
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TABLE 14.1.0-2 (Continued)

SUMMART OF INITIAL CONDITIONS AND COHPUTER CODES USED

Fault Conditions

Computer
Codes

Utilized

Reactivity Coefficients Assumed

Moderator
Temperature
~c~m'F~

Moderator
Density DHB

~8K ~mcc D~oler Corre lot ion

Revised
Thermal
Design

Procedure

Initial NSSS
Thermal
Power
Output
~IAIt

Reactor
Vessel
Coolant
Flow
~GPM

Vessel
Average

Temperature~F
Pressurizer

Pressure
~PAlA

Rupture of a Control Rod
Drive Mechanism Housing

Rupture of Feedwater Pipe

TWINKLE
FACTRAH

LOFTRAN

See Section
14.2.6

NA .54 Max(4) NA

(7), (13) NA NA

HA

3660(8)
0

3680

354,000
162,840

354,000

585.4
547.0

585.4

2037.4(6)

I

2162.6

'HA - Not Applicable
(1) Mininun Doppler power coefficient (pcm/%power) = -9.55 + 0.037324, where o is in % power (see Figure 14.1.0.1)
(2) Multiple power levels, Tavg, and reactivity feedback cases were examined.
(3) Intentionally omitted.
(4) Maxinnzn Doppler power coefficient (pcm/%power) = -19.4 + 0.071760, ~here Q is in / power (see Figure 14.1.0.-1)
(5) Mininxzn and maxinxzn reactivity feedback cases were examined.
(6) Core Pressure.
(7) Full Power Doppler Po~er defect at BOL and EOL assuned to be -966 pcm and -893 pcm respectively.
(8) Core thermal power.
(9) Includes reactor coolant pump heat, if applicable.
(10) For transition cycles, pressurizer pressure is 2250 psia.
(11) 2ero Po~er Doppler Power Defect at BOI. assumed to be -1081 pcm.
( 12) For Transition Cycles, Vessel Average 'Temperature is 576'F.
(13) 2ero po~er Doppler only Po~er defect at BOL and EOL assumed to be -965 pcm and -849 pcm, respectively.
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TABLE 14.1.0-3

SUHHARY OF INITIAL CONDITIONS AND COHPUTER CODES USED: SEPARATE FULL VANTAGE 5 CORE ANALYSES

Fault Conditions

Computer
Codes

Utilized

Hoderator
Temperature
~c~m'F~

Hoderator
Density
~IIK c~mcc ~Do ler

Reactivity Coefficients Assuned

DNB

Correlation

Revised
Thermal
Design

Procedure

Initial NSSS
Thermal
Power
Ou'tput
~AllI

Reactor
Vessel
Coolant
Flow
~GP II

Vessel
Average Pressurizer

Temperature Pressure~F ~PG I A

Uncontrolled Rod Cluster
Assembly Bank llithdrawai
At power (2),

Loss of Electrical Load
or Turbine Trip (4)

Excessive Neat Removal
Due to Feedwater System
Halfunction

Excess Load Increase

LOFTRAN

LOFTRAN

LOFTRAN

LOFTRAN

NA~

+5

+5

NA

NA

NA

NA

.54

.54

NA

.54

.54

.54

Min(1)

Max(3)

Hin(1)

Hin(1)
Hin(1)

'NRB-2

MRB-2
NRB-2

H>n(1) NRB-2

Hax(3)

Hax(3) MRB-2 Yes

Yes

Yes
Yes

Yes

36BO 366,400 SB1.3 2100.0
2165 567.6

361 550.4

3600 366,400 581.3 2100.0

3600 366,400 5B1.3 2100.0
0 366,400 547.0 2100.0

3600 366,400 581.3 2100.0

'NA - Not Applicable
(1) Hiniaxza Doppler power coefficient (pcm/Xqmwer) = -9.55 + 0.037320, where O is in / po~er (see Figure 14.1.0-1)
(2) Hultiple power levels, Tavg, and reactivity feedback cases were examined.
(3) Maxiaxza Doppler power coefficient (pcm/Xpower) = -19.4 + 0.07176Q, where 0 is in )'ower (see Figure 14.1.0.-1)
(4) Hiniaxzn and maxiaxza reactivity feedback cases were examined.
(5) Includes reactor coolant pgp heat, if applicable.
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TABLE 14.1.0-4

RPS TRIP POINTS AND TIME DELAYS TO TRIP

ASSUMED IN NON-LOCA SAFETY ANALYSES

Tri Functi n
Nominal
~Se oint

Point Assumed
In Anal sis

Limiting Trip
Time Delay~cods

Power range high neutron
flux, high setting (

109% 118|, 0.5

Power range high neutron
flux, low setting

25%'5% 0.5

Overtemperature dT

Overpower hT

See
Table
2.2-1
in Tech
Spec

Variable, see
Figures 14.1.0-5,6

Variable,see
Figures 14.1.0-5,6

8.0

8.0

Low pressurizer pressure 1950 psig

High pressurizer water
level

92% of
span

High pressurizer pressure 2385 psig 2428 psig

1907 psig

100% span

2.0

2.0

2.0

Low reactor coolant flow
(From loop flow detectors) 90%'oop flow

87%'oop flow 1.0

Undervoltage trip 2905
volts
each bus

NA 1.5

Underfrequency trip 57.5 Hz 57 Hz 0.6

Low-low steam generator
level

21% of narrow
range span

0.0~ of narrow
range span

2.0

Time delay (including RTD bypass loop fluid transport delay, bypass
loop piping thermal capacity, RTD time response, and reactor tripcircuit including channel electronics delay) from the time the
temperature difference in the coolant loops exceeds the reactor trip
setpoint until the RCCAs are free to fall. The time delay assumed
in the analysis supports a total 6 second response time of the
combined RTD time response, reactor trip circuit delay, and channel
electronics delay presented in the updated Technical Specifications.

No explicit value assumed in the analysis. Undervoltage reactor
trip setpoint assumed reached at initiation of analysis.

NA Not Applicable
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TABLE 14.1.0-5

ESF ACTUATION SETPOINTS AND TIME DELAYS TO ACTUATION
ASSUMED IN NON-LOCA SAFETY ANALYSES

ESF Actu tion Func ion
Nominal

.~St oint

Limiting Actuation
Setpoint Assumed Time Delay

Safety Injection (SI)

Low pressurizer pressure 1900 psig 1800 psig 27 w/ offsite
power
(Note 1)

37 w/o
offsite power
(Note 2)

Low steamline pressure 600 psig 344 psig 27 w/
offsite power
(Note 1)

37 w/o
offsite power
(Note 2)

Auxiliary Feedwater (AFW)

Low-low steam generator
water level

High, steam generator
Level Turbine Trip

21% of narrow
range span

67% of narrow
range span

0.0< of narrow 60
a

range span

82% of narrow 60
a

range span

Steamline Isolation on
low steam line pressure NA

Feedwater Line Isolation
on high steam generator
water level NA

Feedwater Line Isolation
on low steam line
pressure

NA NA
c
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TABLE 14.1.0-5 (continued)

ESF ACTUATION SETPOINT AND TIME DELAYS TO ACTUATION

ASSUMED IN NON-LOCA SAFETY ANALYSES

For Loss of Normal Feedwat r and Loss of offsite power to
Station Auxiliaries occurrences, the delay time assumed is 60

'seconds from the initiation of the signals.

For Feedwater Line Break event, the delay time assumed is 600

seconds (10 minute operator action delay) from the initiation of
the break.

Steamline isolation total delay time includes valve closure
time, and electronics and sensor delay. Technical
Specifications require 8.0 second valve closure time.

Feedwater Line isolation total delay time includes valve closure
time and electronics and sensor delay time.

Note 1: Emergency diesel generator starting and sequence loading delays
NOT included. Offsite power available. Response time limit
includes opening of valves to establish safety injection (SI)
path and attainment of discharge pressure for centrifugal
charging pumps. Sequential transfer of charging pump suction
from the volume control tank (VCT) to the refueling water
storage tank (RWST) (RWST valves open, then VCT valves close) is
included.

Note 2: Emergency diesel generator starting and sequence loading delays
included. Response time limit includes opening of valves to
establish SI path and attainment of discharge pressure for
centrifugal charging pumps. Sequential transfer of charging
pump suction from the VCT to the RWST (RWST valves open, then
VCT valve close) is included.

NA: Not Applicable
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TABLE 14.1.0.6

PLANT SYSTENS AND EQUIPNENT AVAILABLE FOR FAULT CONDITIONS

Fault Conditions Reactor Tri Functions ESF Actuation Functions Other E ui nt ~ESF E ui nt

14.1.1 Uncontrolled RCCA

bank withdrawal
from a subcritical
condition

Power range high flux
(low setpoint)

NA HA NA

14.1.2 Uncontrolled RCCA

bank withdrawal
at power

Po~er range high flux, NA

overtemperature delta-T,
high pressurizer pres-
sure, high pressurizer
level

Pressurizer safety NA

valves, steam
generator safety
valves

14.1.3 RCCA misalignment

14.1.4 (including rod drop)

14.1.5 Uncontrolled Boron
Dilution

Power range negative
flux rate

Source range high flux HA

power range high flux
overtemperature delta.T

Low insertion limit NA

annunciators for
boration

14.1.6.1 Partial and complete
loss of forced reactor
coolant flow

Low flow, undervoltage HA

underfrequency
Steam generator HA

safety valves

14.1.6.2 Reactor coolant purp
shaft seizure ( locked
rotor)

Low flow HA Pressurizer safety NA

valves, steam gen-
erator safety valves

14.1.7 Startup of an inactive
reactor coolant loop
(Note 1)
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TABLE 14.1.0-6 (Continued)

PLANT SYSTEHS AND EQUIPHENT AVAILABLE FOR FAULT CONDlTlONS

14. 1.8

Fault Conditions

l.oss of external elec-
trip load or turbine
trip

Reactor Tri Functions

High pressurizer pres-
sure overtenyerature
delta-T, lo-lo steam
generator level

Steam generator lo-lo
level

Pressurizer safety
valves, steam gen-
erator safety valves

~ESF E i F

Auxiliary Feedwater
System

14.1.19 Loss of normal feedwater Steam generator lo- lo
level, manual

Steam generator lo-lo
level

Steam generator
safety valves,
pressurizer safety
valves

Auxiliary Feedwater
System

14.1.10

14.1. 11

Feedwater system mal-
functions that result
in an increase in feed-
water flow

Excessive load increase

Power range high flux,
(low and high set-
points), steam gener-
ator lo-lo level
(intact steam
generators)

Power range high flux,
overtemperature delta-T,
overpower delta-1

High steam generator
level-produced
feedwater isolation
and turbine trip

NA

Feedwater isolation
valves

Pressurizer
safety valves,
steam generator
safety valves

NA

14.1.12 Loss of offsite
power to the station
auxiliaries

Steam generator lo-lo
level

Steam generator lo-lo
level

Steam generator
valves, pressurizer
safety valves

Auxiliary Feedwater
System

14.2.4 Steam generator tube
failure

Reactor Tr>p System Engineered Safety
Features Actuation
System

Steam generator
safety and/or
relief valves,
steamline stop
valves

Emergency Core Cool-
ing System, Auxiliary
Feedwater System,
Emergency Power
System
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TABLE 14.1.0 6 (Continued)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR FAULT CONDITIONS

14.2.5

Fault Conditions

Rupture of a
Steam Line

Reactor Tri Functions

SIS, low,pressurizer
pressure, manual

Low pressurizer pressure
low compensated steam-
line pressure, high
comtainment pressure,
manual

Feedwater isolation
valves, steamline
stop valves

~ESF E u~ient

Auxiliary Feedwater
System, Safety
Injection System

Inadvertent opening of SIS
a steam generator relief
or safety valve

Low pressurizer pressure, Feedwater isolation
low compensated steam- valves, steamline
line pressure stop valves

Auxiliary Feedwater
System, Safety
Injection System

14.2.6 Spectruri of RCCA

ejection accidents
Power range high flux,
high positive flux
rate

HA NA NA

14.2.8 Feedwater system pipe
break

Steam generator lo-lo
level, high pressurizer
pressure, SIS

High containment pres-
sure,- steam generator
lo-lo water level, low
compensated steamline
pressure

Steamline isolation
valves, feedline
isolation, pres-
surizer self.
actuated safety
valves, steam.
generator safety
valves

Auxiliary Feedwater
System, Safety
Injection system

14.3 Loss of coolant acci-
dents resulting from
the spectrum of postu-
lated piping breaks
within the reactor
coolant pressure boundary

Reactor Trip System Engineered Safety
Features Actuation
System

Service Water System
Component Cooling
Water System steam
generator safety
and/or relief valves

Emergency Core Cool-
ing System, Auxiliary
Feedwater System
Contairment Heat Re-
moval System, Emer-
gency Power System

NOTE 1: . This cannot occur in Modes 1 and 2 as restricted by the Cook Nuclear Plant Unit 2 Technical Specifications.
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TABLE 14.1.0-7

DONALD C. COOK UNIT 2 3600 MNT UPRATING PROGRAM

INPUT ASSUMPTIONS FOR RCS VOLUMES

In u Assum tion

Reactor Vessel (ft')
Steam Generators (ft' total)

Ini ial Condi ion

0%'GTP

4308 (1)

~10'TP
4764

4003 (1)

Reactor Coolant Pumps (ft' total) 314 314

Loop Piping (ft' total)
Surge I inc Piping (ft')
Pressurizer (ft')

1175

1800

1175

1800

Total RCS Volume (ft')
(Ambient Conditions)

Total RCS Volume (ft')
(Hot Conditions includes 3~
for thermal expansion)

12, 404

12,776

12,099

12,462

Notes:

(1) The SG tube volume is assumed to be 762 ft'/SG (3048 ft'otal)
The increase in SG plugging from 0% to 10% results in a total
reduction in SG tube volume of "305 ft'.
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TABLE 14.1.0-8

DONALD C. COOK UNIT 2 3600 MNT UPRATING PROGRAM

INPUT ASSUMPTIONS FOR STEAM GENERATOR SECONDARY MASS

In ut Assum ion Initial Condition

0 e SGTP 10 1 SGTP ases
(Originai Design) ~hw Tem ~gi h T m

Case

Steam generator secondary
side mass (Total lbs/SG)

99,000 98, 000 (2) 105, 000 (3)

NOTES:

(1) Initial conditions are presented for SGTP levels of 0% (Original
Design) and 10%/15: to bound the range of SGTP levels at 3600 MWt.

(2) For Tavg of 547'F
(3) For Tavg of 579'F
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TABLE 14. 1.0-9

DONALD C. COOK UNIT 2 3600 MWT UPRATING PROGRAM

REACTOR COOLANT SYSTEM PRESSURE DROP ~'i

Reactor Vessel, including nozzles (psi)
Loop Piping (psi)

Steam Generator (psi)

gt SGTP

51.79

5.53

31. 91

15% SGTP

49.07

5.23

~3. 8

Total (psi) 89.30(1) 93.88(1)

NOTES:

(1) Pressure drops calculated at Best Estimate Flow.
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feedback effect of the'egative fuel temperature coefficient. This

self-limitation of the initial power burst, results from a fast negative
fuel temperature feedback (Doppler effect) and is of prime importance

during a startup incident since it limits the power to a tolerable level
prior to protective action. After the initial power burst, the neutron
flux is momentarily reduced and then, if the incident is not terminated by
a reactor trip, the neutron flux increases again, but at a much slower
rate.

Termination of the startup incident by the previously discussed protection
channels prevents core damage. In addition, the reactor trip from

pressurizer high pressure serves as a backup to terminate the incident
before an overpressure condition could occur.

14.1.1.2 Analysis of Effects and Consequences

The analysis of the uncontrolled RCCA bank withdrawal from subcritical
accident is performed in three stages: first, an average core nuclear
power transient calculation, then, an average core heat transfer
calculation, and finally, the departure from nucleate boiling ratio (DNBR)

calculation. The average core nuclear power calculation is performed

using spatial neutron kinetics methods (TWINKLE) to determine the(1)

average power generation with time including the various total core

feedback effects, i.e., Doppler reactivity and moderator reactivity. The

average heat flux and temperature transients are determined by performing
a fuel rod transient heat transfer calculation in PACTRAN . The average(2)

heat flux,is next used in THING 'or transient DNBR calculations.(3,4)

.Analysis of this transient incorporates the neutron kinetics, including
six delayed neutron groups and the core thermal and hydraulic equations.
In addition to the neutron flux response, the average fue, clad and water

temperature, and also the heat flux response, are computed.

UNIT 2 14 '.1-3 July 1991



In .der to give conservative results for a startup incident, the

following additional assumptions are made concerning the initial reactor
conditions:

Since the magnitude of the neutron flux peak reached during the

initial part of the transient is strongly dependent on the

Doppler power reactivity coefficient, a conservatively low value

for Doppler power defect (-1081 pcm) is used for any given rate
of reactivity insertion.

The contribution of the moderator reactiv'ty coefficient is
negligible during the initial part of the transient because the

heat transfer time constant between the fuel and'the moderator

is much longer than the neutron flux response time constant.
However, after the initial neutron flux peak, the succeeding

rate of power increase is affected by the moderator temperature

reactivity coefficient. Although during normal operation (100~

rated power), the moderator coefficient will not be positive at
any time in core life, a highly conservative value has been used

in the analysis to yield the maximum peak core heat flux. The

analysis is based on a moderator coefficient which was at least
0

+5 pcm/ F at the zero power nomir al average temperature, and

which became less positive fo higher temperatures. This was

necessary since the TWINKLE computer code used in the analysis
is a diffusion theory code rather than a point-kinetics
approximation and the moderator temperature feedback cannot be

artificially held constant with temperature.

The reactor is assumed to be at hot zero power (547 F). This0

assumption is more conservative than that of a lower initial
system temperature. The higher initial system temperature

yields a larger fuel-to-water heat transfer, a larger fuel
thermal capacity, and a less-negative (smaller absolute

magnitude) Doppler coefficient. The less-negative Doppler

coefficient reduces the Doppler feedback effect thereby
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RCS temperature of 581.3 F along with a nominal pressure of 2250 psia was

found to produce the most conservative results.

Assumptions made in the analysis are:

The plant is initially operating at 102 percent of the Cook Nuclear
Plant Unit 2 core power level of 3588 MWt,,plus 20 MWt for reactor
coolant pump heat.

A conservative core residual heat generation based upon long term
operation at the initial power'evel preceding the trip. The ANS

1979 Decay Heat Model plus two sigma uncertainty was assumed.

Reactor trip occurs on steam generator low-low level at 0.0: of
narrow range span.

D. The worst single failure in the auxiliary feedwater system occurs
(e.g., fa'lure of turbine driven auxiliary feedwater pump).

Auxiliary feedwater is delivered to four steam generators at a rate
of 450 gpm. The 450 gpm is assumed evenly split among the four
steam generators and is delivered by two motor driven pumps at a

steam generator pressure of 1123 psia.~ Automatic initiation of
the auxiliary feedwater is assumed 60 seconds after a low-low steam
generator signal is actuated.

Secondary system steam relief is achieved through the steam
generator safety valves. First four safety valves at an actuation
pressure of 1123 psia were assumed in the analysis."

*An evaluation has been performed to justify an increase in the as-found
tolerance of the main steam safety valves (MSSVs) from + 1< to + 3<. The
evaluation took credit for the staggered actuation of the MSSVs. The
evaluation assumed that the MSSVs opened at 3% above the nominal lift
pressure for each valve. The evaluation demonstrated that the secondary
side pressure (assuming the staggered actuation of the MSSVs) would not
exceed 1123 psia during the time when AFW is being supplied. The
secondary side pressure transient would not preclude the AFW flow rate
assumed in the analysis from being supplied to the steam generators.
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G. The initial reactor coolant average temperature is 4. 1'F higher than
the nominal value of 581.3 F, and initial pressurizer pressure is0

62.6 psi higher than the nominal pressure of 2250 psia.

H. The initial pressurizer water level is assumed to he at the maximum

nominal setpoint (61.1% NRS) plus uncertainties (5% NRS) .

Pressurizer power operated relief valves (PORVs) are assumed

operable to maximize pressurizer water volume.

The maximum pressurizer spray flow rate is assumed to maximize
pressurizer water volume.

An auxiliary feedwater line purge volume of 100 ft per loop was
3

assumed. This is the volume that needs to be purged before the
relatively cold auxiliary feedwater reaches the steam generators.

Plant characteristics and initial conditions are shown in Table 14.1.0-2.

Results

Figures 14.1. 9-1 through 14.1. 9-3 show the significant plant parameters
following a loss of normal feedwater.

Following the reactor and turbine trip from full load, the water level in
the steam generators will fall due to the collapse of voids and because
steam flow through the safety valves continues to dissipate the stored and
generated heat. One minute following the initiation of the low-low level
trip, the motor driven auxiliary feedwater pumps are automatically
started, reducing the rate of water level decrease.

The plot of pressurizer water volume clearly shows that the pressurizer
does not fill. For comparison purposes, the pressurizer fills at 1889 ft3

(which includes the pressurizer surge volume).

The calculated sequence of events for this transient are shown in
Table 14.1.9-1.
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14.2.2 Postulated Radioac ive Rel a es Due

Failures
Liouid- ntainin Tank

The inadvertent release of radioactive liquid to the environment is not
considered a credible accident. Any radioactive liquids must ultimately
be diverted to the monitor tanks, and any tritium from the CVCS to the
monitor tanks also, prior to discharge. (Liquids from these tanks are
sampled and monitored for acceptable radioactive levels before being
released to the lake.) Erroneous sampling and malfunction of the „

radiation monitor would have to occur sequentially to discharge
radioactive liquid inadvertently, and this series of events is not
considered credible.

Was Eva orator ondensa e and Monit r T nks

Any spillage of radioactive fluid due to equipment leaks or ruptures would
drain directly to either the sump tank or waste holdup tanks, or would
accumulate in the area sumps prior to being pumped to the waste holdup
tanks. Radioactive liquids to be processed by the waste disposal system
are ultimately stored in'the waste holdup tanks.

Periodically the contents of the waste holdup tanks and the laundry tanks
are analyzed and if the radioactive level is within discharge limits, the
liquid is transferred to the waste evaporator condensate tanks and then to
the monitor tanks for release.

Effluents from the waste disposal system and monitor tanks 3 and 4 are
released, not recycled. Distillate from the CVCS boric acid evaporator is
discharged to monitor tanks. The contents of monitor tanks 1 and 2 are
analyzed before being pumped to the primary water storage tanks.
Occasionally it may be necessary to dispose of some of the boric acid
distillate for tritium control. (If analysis of the contents of the
monitor tank is within prescribed limits for discharge to the environment,
the liquid is pumped directly to the waste liquid discharge line after the
normall'y locked-closed valve in this line is opened.) The radiation
monitor downstream prevents discharge ot fluids above prescribed levels as

explained in the preceding paragraph.
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A representative sample is obtained from the monitor tank to determine
appropriate release setpoints. Administrative clearance must be granted
to open a locked-closed valve. In the highly unlikely event that the
locked-closed valve is opened and the tank contents are inadvertenly
pumped to the discharge tunnel for release to the lake without being
previously analyzed for activity, the radiation monitors setpoint 's set
such that the release will not exceed release limits. If it did, the
radiation monitor would trip the second valve downstream of the monitor
and terminate the release. Therefore, a pumping accident having
rad'logical consequences is not considered credible.
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Condensate toraae Tank Primar water Storaoe Tank and Refuelin

Water Storage Tank

The condensate storage tank and the primary water storage tank are

essentially free from radionuclides. The refueling water storage tank

contains a relatively low level of radioactivity. These tanks are not

connected to the radwaste system. In the unlikely event of loss of water

from any of these tanks the water will percolate down the underground

water table, which is estimated to be at elevation 590', that is, about 20

feet below ground level. The hydraulic gradient of the ground is very
low; less than 4~. Our studies show a minimum of 50 years would be

required for the water to reach the nearest. ground water well. The

spilled water would preferentially follow the very small natural ground

gradient toward the lake and would be eventually diluted in the lake

water. By the time any radioactive materials reach the nearest drinking
water intake from the lake,

Bridgman is 2.5 miles away from the plant discharge, resultant dilution,
dispersion, and radioactive decay will have reduced the radiological
consequences to insignificance."

The information presented here refers to the original Unit, 1

studies. Later results of studies on this subject are included in
Section 14.2 of the Unit 2 Updated FSAR.
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The inadvertent release of radioactive liquid waste to the environment is
not considered a credible accident. Any spillage of radioactive fluid due

to equipment leaks or ruptures would drain directly to either sumps or

waste holdup tanks. Radioactive liquid wastes are diverted to tanks to be

processed for release. Tanks are sampled and analyzed to determine that
the concentration of radioactive nuclides can be released within discharge

limits. The release must pass through a normally locked closed valve, a

radiation monitor and another valve in series prior to reaching the

discharge tunnels for release to the lake. Administrative clearance must

be granted to open the locked closed valve. In the highly unlikely event

that, the locked-closed valve is opened and the tank contents are

inadvertently pumped to the discharge tunnel for release to the lake
without being previously analyzed for activity, the radiation monitors

setpoint. is set such that the release will not exceed release limits. If
it did, the radiation monitor would trip the second valve downstream of
the monitor and terminate the release.. Therefore, a pumping accident
involving radioactive waste releases having radiological consequences is
not considered credible.

~Pi )~in

The pipes running from the refueling water storage tank, the primary water

storage tank, and the condensate tank to the auxiliary building are

installed in a pipe tunnel. In case of a break in any of these pipes, the
water will enter the auxiliary building sump, from ~here it will be

processed as described in the Auxiliary Building liquid waste tanks. No

pipes from these tanks are directed toward the containment building.
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CVC du ks

To ensure that the CVCS holdup tank(s) failure will not result in
concentrations in excess of 10 CFR Part 20 at the nearest potable water

supply, an analysis, based on the assumptions given in Standard Review

Plan Section 15.7.3, has been performed for the rupture of a CVCS holdup

tank in the auxiliary building. No credit has been taken for liquid
retention by the foundation of the auxiliary building. The tank was

assumed to be 80% full at the time of rupture and the liquid spilled is
reactor coolant at one percent failed fuel. The capacity of these

interconnected twin tanks is 128,000 gallons. Parameters used for this
analysis are shown in Table 14.2.2-1. An Instantaneous Plane Source model

with y 0 and Ey~0 is used. For a rectangular angular plane source of
width f, parallel to the x-y plane and centered at the origin, this model

is represented by the equation:

m
, exp +At ezf , -ezf

where:

C ~ concentration of dissolved constituent
m' instantaneous release per unit area

~ retardation factor
n ~ effective porosity
E„ coefficient of dispersion in the x-direction
t ~ time
U ~ approximate rate of radionuclide movement

X ~ radioactive decay constant

E> ~ coefficient of dispersion in the y-direction
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14.2.4 STEAM GENERATOR TUBE RUPTURE

G~ara 1

The accident examined is the complete severance of a single steam generator tube
(SGTR). The accident is assumed to take place at a reactor power level of 3588

MWt with the reactor coolant contaminated with fission products corresponding to
continuous operation with a limited amount of defective fuel rods. The accident
leads to an increase in contamination of the secondary system due to leakage of
radioactive coolant from the reactor coolant system. In the event of a

coincident loss of offsite power, or failure of the condenser steam dump system,
discharge of activity to the atmosphere takes place via the steam generator
power operated relief valves (and safety valves if their setpoint is reached)

The steam generator tube material is Inconel 600 and as the material is highly
ductile, it is considered that the assumption of a complete severance is
somewhat conse.vative. The more probable mode of tube failure would be one or
more minor leaks of undetermined origin. Activity in the steam and power
conversion system is subject to continual surveillance and an accumulation

of'inor

leaks which exceed the Technical Specification limits is not permited
during unit operation.

The operator is expected to determine that a steam generator tube rupture (SGTR)

has occurred, to identify and isolate the ruptured steam generator, and to
complete the required recovery actions to stablize the plant and terminate the„
primary to secondary break flow. These actions should be performed on a

restricted time scale in order to minimize the contamination of the secondary
system and ensure termination of radioactive release to the atmosphere from the
ruptured steam generator. Consideration of the indications provided at the
control board, together with the magnitude of the break flow, leads to the
conclusion that the recovery procedure can be carried out on a time scale that
ensures that break flow to the ruptured steam generator is terminated before the
water level in'the affected steam generator rises into the main steam pipe.
Sufficient indications and controls are provided to enable the operator to carry
out these functions satisfactorily.
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Descri tion f Accident

Assuming normal operation of the various plant control systems, the following
sequence of events is, initiated by a tube rupture:

Pressurizer low pressure and low level alarms are actuated, and

prior to plant trip, charging pump flow increases in an attempt to
maintain pressurizer level. On the secondary side there is a steam

flow/feedwater flow mismatch before trip, as feedwater flow to the
affected steam generator is reduced due to the additional break
flow which is now being supplied to that steam generator.

Loss of reactor coolant inventory leads to falling pressure and

level in the pressurizer until a reactor trip signal is generatred
by low pressurizer pressure or overtemperature ~T. A safety
injection signal, initiated by low pressurizer oressure follows
soon after the reactor trip. The safety injection signal
automatically terminates normal feedwater supply and initiates
auxiliary feedwater addition.

The steam generato" blowdown liquid monitor and/or the air ejector
radiation monitor will alarm, indicating a sharp increase in
radioactivity in the secondary system.

The reactor trip automatically trips the turbine, and if outside
power is available, the steam dump valves open, permitting steam

dump to the condenser. ln the event of a coincident station
blackout, the steam dump valves would automatically close to
protect the condenser. The steam generator pressure would rapidly
increase, resulting in steam discharge to the atmosphere through
the steam generator power operated relief valves (and the steam

generator safety valves if their setpoint is reached) .

Following plant trip, the continued action of auxiliary feedwater

supply and borated safety injection flow [supplied'rom the
refueling water storage tank,(RWST)j provide a heat sink. Thus,

steam bypass to the condenser, or in the case, of loss of outside
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power, steam relief to atmosphere, is attenuated during the time in
which the recovery procedure leading to isolation is being carried
ou't.

'afety injection flow results in restoration of pressurizer water,

level.

~Rsulus

In estimating the mass transfer from the reactor coolant system through the
broken tube, the following assumptions were made:

Plant trip occurs automatically as a result of low pressurizer
pressure.

Following the initiation of the safety injection signal, both
centrifugal charging pumps are actuated and continue to deliver

C., After reactor trip the break flow equilibrates to the point where

incoming safety injection flow is balanced by outgoing break flow
as shown in Figure 14.2.4-1 of Unit 1. In the original accident
analysis, the resultant break flow is assumed to persist from plant
trip until 30 minutes after the accident initiation. An assessment

has been made of the impact on the original analysis of allowing
the operator longer than 30 minutes to terminate break flow to the
faulted steam generator. That assessment has shown that the break
flow termination could be increased up to two hours (provided the
steam generator does not over fill) without exceeding the offsite
dose radiological guidelines discussed in the "Conclusions" portion
of this section (Reference 2) .

The steam generators are controlled at the safety valve setting
minus 3% tolerance rather than the power operated relief valve
setting.
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The original analysis assumed that the operator identifies the

accident type and terminates break flow to the ruptured steam

generator within 30 minut'es of accident initiat'on. An assessment

has been made of the impact on the original analysis of allowing
the operator longer than 30 minutes to terminate break flow to the

faulted steam generator. That assessment'as shown that the break

flow termination could be increased up to two hours (provided the
steam generator does not over fill) without exceeding the offsite
dose radiological guidelines discussed in the "Conclusions" portion
of this section. (Reference 2)

The above assumptions lead to a conservative upper bound of 140,264 pounds for
the total amount of reactor coolant transferred to the ruptured steam generator
and 56,525 pounds for the total amount of steam released to the atmosphere via
the ruptured steam generator as a result of the steam generator tube rupture
accident.

R cover Pr dur

1In the event of an SGTR, the plant operators must diagnose the SGTR and perform
the required recovery actions to stabilize the plant and terminate the primary
to secondary leakage. The operator actions for SGTR recovery are provided in
the Emergency Operating Procedures (EPOs). The EOPs are based on guidance in
the Westinghouse Owner's Group Emergency Response Guidelines (Reference 1) wh'ch

addresses the recovery from a SGTR with and without offsite power availabl
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The major operator actions include identific"tion and isolation of the ruptured
steam generator, cooldown and depressurization of the RCS to restore inventory,
and termination of SI to stop primary to secondary leakage. These operator
actions are described below.

Identify the ruptured steam generator.

High secondary side activity, as indicated by the secondary side
'radiation monitors will typically provide the initial indication of
an SGTR event. The ruptured steam generator can be identified by
an unexpected increase in steam generator level, a high radiation
indication on the main air ejector monitor, or from the steam

generator blowdown liquid monitor. For an SGTR that results in a

reactor trip at high power, the steam generator water level will
decrease off-scale on the narrow range for all of the steam

generators. The auxiliary feedwater flow will begin to refill the
steam generators, distributing approximately equal flow to each of
the steam generators. Since primary to secondary leakage adds

.additional liquid inventory to the ruptured steam generator, the
water level will return to the narrow range earlier in that steam

generator and will continu'e to increase more rapidly. This
response, as indicated by the steam generator water level
instrumentation, provides confirmation of an SGTR event and also
identifies the ruptured steam generator.

Isolate the ruptured steam generator from the intact steam

generators and isolate feedwater to the ruptured steam generator.

Once a tube rupture has been identified, recovery actions begin by
isolating steam flow from and stopping feedwater flow to the
ruptured steam generator. In addition to minimizing radiological
releases, this also reduces the possibility of overfilling the
ruptured steam generator with water by 1) minimizing the
accumulation of feedwater flow and 2) enabling the operator to
establish a pressure differential between the ruptured and intact
steam generators as a necessary step toward terminating primary to
secondary leakage.
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Cool down the RCS using the intact steam generators.

After isolation of the ruptured steam generator, the RCS is cooled

as rapidly as possible to less than the saturation temperature

corresponding to the ruptured steam generator pressure by dumping

steam from onl'y the intact steam generators. This ensures adequate

subcooling in the RCS after depressur'zation to the ruptured steam

generator pressure in subsequent actions. Zf offiste power is
available, the normal steam dump system to the condenser can be

used to perform this cooldown. However, if offiste power is lost,
the RCS is cooled using the power-operated relief valves (PORVs) on

the intact steam generators.

Depressurize the RCS to restore reactor coolant inventory.

Nhen the cooldown is completed, SZ flow will increase RCS oressure

until break flow matches SI flow. Consequently, SZ flow must be

terminated to stop primary to secondary leakage. However, adequate

reactor coolant inventory must first be assured. This includes
both sufficient reactor coolant subcooling and pressurizer
inventory to maintain a reliable pressurizer level indication after
SI flow is stopped.

The RCS depressurization is performed using normal pressurizer
spray if the reactor coolant pumps (RCPs) are running. However, if
offsite power is lost or the RCPs are not running, normal

pressurizer spray is not available. Zn this event, RCS

depressurization can be performed using a pressurizer PORV or
auxiliary pressurizer spray.

Terminate SI to stop primary to secondary leakage.

The previous actions will have established adequate RCS subcooling,

a secondary side heat sink, and sufficient reactor coolant

inventory to ensure that SI flow is no longer needed. Nhen these

actions have been completed, SI flow must be stopped to terminate
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primary to secondary leakage. Primary to secondary leakage will
continue after Sl flow is stopped until the RCS and ruptured steam

generator pressures equalize. Charging flow, letdown, and

pressurizer heaters will then be controlled to prevent
repressurization of the RCS and reinitiation of leakage into th
ruptured steam generator.

Following Sl termination, the plant conditions will be stabilized, the primary
to secondary break flow will be terminated and all immediate safety concerns
will have been addressed. At this t'ime a series of operator actions are

II

performed to prepare the plant for cooldown to cold shutdown conditions.
Subsequently, actions are performed to cooldown and depressurize the RCS to cold
shutdown" conditions and to depressurize the ruptured steam generator.

Conclusion

A steam generator tube rupture will cause no subsequent damage to the RCS or the
reactor core. An orderly recovery from the accident can be completed, even

assuming a simultaneous loss of offsite power such that liquid does not enter
the steam piping space. The doses to the public as a,result of a steam

generator tube rupture have been shown to be less than the permissible limits of
10 CFR Part 100. These limits are: for pre-accident iodine spike, the thyroid
dose in 10 CFR 100'r 300 rem, for accident initiated iodine spike, 10% (small
fraction) of 10 CFR 100 or 300 rem thyroid and 2.5 rem gamma body.

~Referen es

Westinghouse Owners Group; Emergency Response Guidelines; Published
by Westinghouse Electric Corporation for the Westinghouse Owners,

Group.

Westinghouse Letter to AEP NSD-NT-ESI-97-388 (AEP-97-102); American

Electric Power Donald C. Cook Nuclear Plant Units 1 and 2, Revised

SGTR FSAR Section 14.2.4; dated June 26, 1997.
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effect of the stuck assembly. The power peaking factors depend

upon the core power, temperature, pressure, and flow, and are thus
different f'r each case studied.

The analyses assumed initial hot shutdown conditions at time zero

since this represents the most pessimistic initial condition.
Should the reactor be just critical or operating at power at the
time of a steam line break, the reactor'ill be tripped by the
normal overpower protection system when power level reaches a trip
point. Following a trip at power the reactor coolant system
contains more stored 'energy than at no-load, the average coolant
temperature is higher than at no-load and there is appreciable
energy stored in the fuel. Thus, the additional stored energy is
removed via the cooldown caused by the steam line break before the
no-load conditions of RCS temperature and shutdown margin assumed

in the analyses are reached. After the additional stored energy
R

has been removed, the cooldown and reactivity insertions proceed in
the same manner as in the analysis which assumes no-load conditions
at time zero.

In addition, since the initial steam generator water inventory is
greatest at no-load, the magnitude and duration of RCS cooldown are
more severe than for steam line breaks occurring at power.

In computing the steam„flow during a steam line break, the Moody

Curve (Reference 4) for fL/D 0 is used.

H. The total delay time assumed for the steamline isolation is
11 seconds from receipt of actuation signal. The 11 second

steamline isolation time includes valve closure time, and

electronics and sensor delay. For breaks downstream of the
isolation valves, closure of all valves would completely terminate
the blowdown. For any break, in any location follow'ing steamline
isolation, no more than one steam generator would
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experience an uncontrolled b'owdown even if one of the isolation
valves fails. to close.

plant characteristics and initial conditions are shown in Table 14.1.0-2.

The limiting case for Cases a through e was shown to be the double-ended

rupture located upstream of the flow restrictor with offsite power

available (case b). Table 14.2.5-1 lists the limiting statepoints for
this worst case. The results presented are a conservative indication of
the events which would occur assuming a steam line rupture.

Figures 14.2.5-4 through 14.2.5-6 show the RCS transient and core heat

flux following a main steam line rupture (complete severance of a pipe)

upstream of the flow restrictor at initial no-load conditions.

Offsite power is assumed available so that full reactor coolant flow

exists. The transient shown assumes an uncontrolled steam release from

only one steam generator. Should the core be critical at near zero power

when the rupture occurs the initiation of safety injection by high

differential pressure between any steamline and the remaining steamlines~

or by low steam line pressure in two steamlines will trip the reactor.

Steam release from more than one steam generator will be prevented by

automatic trip of the fast acting isolation valves in the steam lines by

high-high containment pressure signals or low steamline pressure or high

steam flow coincident with low-low T-avg. Even with the failure of one

valve, release from the other steam generators is terminated by steamline

isolation while the one generator blows down. The steam line stop valves

are assumed to be fully closed in less than 11 seconds from receipt of a

closure signal.

As shown in Figure 14.2.5-6, the core attains criticality with the RCCAs

inserted (with the design shutdown margin assuming one stuck RCCA) before

boron solution (2400 ppm from RWST) enters the RCS. A peak core power

less than the nominal full power value is attained.
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s em Over re sur Anal sis

Because safety limits for fuel damage specified earlier are not exceeded,

there is little likelihood of fuel dispersal into the coolant. The

pressure surge may therefore be calculated on the basis of conventional
j

heat transfer from the fuel and prompt heat- generation in the coolant.
4

The pressure surge is calcul'ated by first performing the fuel heat

transfer calculation to determine the average and hot spot heat flux
versus time. Using this heat flux data, a THINC 'alculation 's(10, 11)

conducted to determine the volume surge. Finally, the volume surge is
simulated in the LOFTRAN computer code . This code calculates, the(12)

pressure transient taking into account fluid transport in the RCS and heat

transfer to the steam generators. No credit is taken for the possible
pressure reduction caused by the assumed failure of the control rod

pressure housing.

Input parameters for the analysis are conservatively selected on the basis
of values calculated for this type of core. The more important parameters

are discussed below. Table 14.2.6-1 presents the'parameters used in this
analysis.

E' ed Rod Wor hs and -H Charm 1 Fac ors

The values for ejected rod worths and hot channel factors are calculated
using either three dimensional static methods or by a synthesis method

employing one dimensional and two dimensional calculations. Standard

nuclear design codes are used in the analysis. No credit is taken for the

flux flattening effects of reactivity feedback. The calculation is
performed for the maximum allowed bank. insertion at a given power level,
as determined by the rod insertion limits. Adverse xenon distributions
are considered in the calculation to provide worst case results.

Appropriate margins are added to the ejected rod worth and hot channel

factors to account for any calcul'ational uncertainties, including an

allowance for nuclear power peaking due to densification.
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Power distribution before and after ejection Cor a worst case can be found

in Reference (4). During plant startup physics testing, ejected rod

worths and power distributions are measured in the zero and Cull power

configurations and compared to values used in the analysis. Experience

has shown that the ejected rod worth and power peaking factors are

consistently overpredicted in the analysis.

e ct v t eedba k Ve t n acto s

The largest temperature rises, and hence the largest reactivity feedbacks

occur in channels where the power is higher than average. Since the

weight of a region is dependent on flux, these regions have high weights.

This means that the reactivity feedback is larger than that indicated by a

simple channel analysis. Physics calculations have been carried out Cor

temperature changes with a flat temperature distribution, and with a large

number of axial and radial temperature distributions. Reactivity changes

were compared and effective weighting factors determined. These weighting

factors take the form of multipliers which, when applied to single channel

feedbacks, correct them to effective whole core feedbacks for the

appropriate flux shape. In this analysis, since a one dimensional (axial)
spatial kinetics method is employed, axial weighting is not necessary if
the initial condition is made to match the ejected rod configuration. In

addition, no weighting is applied to the moderator feedback. A

conservative radial weighting factor is applied to the. transient fuel

temperature to obtain an effective fuel temperature as a function of time

accounting for the missing spatial dimension. These weighting factors

have also been shown to be conservative compared to three dimensional

analysis Reference (4).

The critical boron concentrations at the beginning of life and end of life
are adjusted in the nuclear code in order to obtain moderator density

coefficient curves which are conservative compared to actual design

conditions for the plant. As discussed above, no weighting factor is
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accumulators. The accumulators are conservatively modelled at 2300 ppm for the
post-LOCA subcriticality requirement.

An evaluation has been performed to determine the effect of a 3 minute SI
interruption during the switchover to sump recirculation on the LBLOCA analysis.
This scenario could occur if the RHR pump which was first switched over to
recirculation fails at the time the other RHR pump is secured for switchover.
Using a conservatively short estimate of the RWST draindown time and a bounding
scenario for the availability of pumped injection, it was shown (Reference 28)
that the short-term peak clad temperature results are not challenged by a three
minute interruption of all ECCS flow.

14.3.1.1.3 Core and System Performance

14.3.1.1.3.1 Mathematical Model

The requirements of an acceptable ECCS evaluation model are presented in
Appendix K of 10 CFR 50 (1)

14.3.1.1.3 .2 Large Break LOCA Evaluation Model

The analysis of a large break LOCA transient is divided into three phases:
(1) blowdown, (2) refill, and (3) reflood. There are three distinct transients
analyzed in each phase, including the thermal-hydraulic transient in the RCS,

the pressure and temperature transient within the containment, and the fuel and
clad temperature transient of the hottest fuel rod in the core. Based on these
considerations, a system of interrelated computer codes has been developed for
the analysis of the LOCA.

A description of the various aspects of the LOCA analysis methodology is given
by Bordelon, Massie, and Zordan (1974) . This document describes the major

(6)

phenomena modeled, the interfaces among the computer codes, and the features of
the codes which ensure compliance with the Acceptance Criteria. The SATAN-VI,
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WREFLOOD, BASH and LOCBART codes, which are used in the LOCA analysis, are
described in detail by Bordelon et al. (1974); Kelly et al. (1974); Young

(5) '(9)

et al. (1987); and Bordelon et al. (1974) . Code modifications are
(4) (6)

specified in References 2, 7, 13, and 17. These codes assess the core heat
transfer geometry and determine if the core remains amenable to cooling through
and subsequent to the blowdown, refill, and reflood phases of the LOCA. The
SATAN-UI computer code analyzes the thermal-hydraulic transient in the RCS

during blowdown and the WREFLOOD computer code calculates this transient during
the refill phase of the accident.
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The BASH code is used to determine the RCS response during the ref lood"
phase of the transient. The LOTIC computer code, described by Hsien and

Raymund in WCAP-8355 (1975) and WCAP-8345 (1974) , calculates the(3) ~

containment backpressure transient. The containment backpressure
transient is input to BASH for the purpose of calculating the reflood
transient. The LOCBART computer code calculates the thermal transient of
the hottest fuel rod in the three phases. The improved fuel performance
model, described in Reference 15, generates the initial fuel rod
conditions input to LOCBART.

SATAN-VI calculates the RCS pressure, enthalpy, density, and the mass and

energy flow rates in the RCS, as well as steam generator energy transfer
between the primary and secondary systems as a function of time during the
blowdown phase of the LOCA. SATAN-VI also calculates the accumulator
water mass and internal pressure and the break mass and enez'gy flow rates
that are assumed to be vented to the containment during blowdown.

At the end of the blowdown, information on the state of the system is
transferred to the WREFLOOD code which performs the calculation of the
refill period to bottom of 'core (BOC) recovery time. Once the vessel has

P

refilled to the bottom of the core, the ref lood portion of the transient
begins. The BASH code is used to calculate the thez'mal-hydraulic
simulation of the RCS for the ref lood phase.

Information concerning the core boundary conditions is taken from all of
the above codes and input to the LOCBART code for the purpose of
calculating the core fuel rod thermal zesponse for the entire transient.
From the boundary conditions, LOCBART computes the fluid conditions and

heat transfer coefficient for the full length of the fuel rod by employing
mechanistic models appropriate to the actual flow and heat transfer
regimes. Conservative assumptions ensure that the fuel rods modeled in
the calculation represent the hottest rods in the entire core.

The large break analysis was pez'formed with the December 1981 version of
(4)the evaluation model modified 'to incorporate the BASH computer code.
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Figures 14.3.1-15a-g The clad temperature at the hot spot is shown for the

hot rod.

Figures 14.3.1-16-18 The containment backpressure transient used in the

analysis is provided for Cases A, F and G (the minimum

and maximum SI flow cases, and the 3413 Mwt cross tie
valve closed case).

Figures 14.3.1-19-2? These figures show the heat removal rates of the heat

sinks found in the lower and upper compartment and the

heat removal by the sump and lower compartment spray
for Cases A, F and G.

Figures 14.3.1-28-30 These figures show the temperature transients in both

the lower- and upper compartments of containment and

.flow from the upper to lower compartments for Cases A,

F and G.

The peak clad temperature calculated for a large break is 2140 F, which is less
than the acceptance criteria limit of 2200 F Th ie max mum local metal-water
reaction zs 6,80 percent, which is well below the embrittlement limit of 17

percent as re uired b 10 Cy FR 50.46. The total core metal-water 'reaction is
less than 0.3 percent for all breaks, corresponding to less than 0.3 percent
hydrogen generation, as compared with the. 1 percent criterion of 10 CFR 50.46.

The clad temperature transient is terminated at ti wh ha me en t e core geometry is
. still amenable to1 to cooling. As a result, the core temperature will continue to

'ropand the ability to remove decay heat generated in the fuel for an extended

period of time will be provided.

Assessment-for Changes in Models and Applications

10 CFR 50.46(a)(3) re uq ires the record keeping and reporting of changes in LOCA

evaluation models and of changes in the application of these models Reference

21 reports the following permanent changes that apply to Unit 2 of Cook Nuclear
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1. An update of the fuel rod model in the LOCA evaluation model to
maintain consistency with the latest approved version of the
Nestinghouse fuel rod design code, and

2 An estimation of the change in results is included to account for
combining most severe LOCA and plant-specific seismic forces upon the
steam generator tubes in determining the steam generator flow
reduction during a LOCA event.

Additionally, the potential impact of assuming only the average rod in the
hottest-assembly for computing fuel rod burst and related channel blockage
effects was evaluated as not requiring any adjustment in the results. Reference
21 describes these changes in models and applications in greater detail.
Tabulations of the assessments against peak clad temperature due to these
changes for the limiting cases are shown in Table 14.3. 1-6. In each case, the
peak clad temperature result remains less than 2200 degrees F.

The current licensing basis peak clad temperatures given in Table 14.3.1-6 are
based on large break LOCA analysis contained in Reference 24. In these
analyses, the peak clad temperatures for structural metal heat modeling and

power margin allocation have been specified. The current licensing basis peak
clad temperatures given in Table 14.3.1-6 includes these two additional margins.

:

For both cases A and G in Table 14.3.1-6, a correction to account for errors
found in LUCIFER of -6 F was applied based on the information given in Reference
25. A correction of 253 F was also applied to account for changes to the power
shape in the LBLOCA analysis. In addition, a credit of 237 F was taken for the
effect of the hot leg nozzle gap effect. These corrections are described in
reference 26. For both cases, the licensing basis peak clad temperature is
below 2200 F.

Reference 27 reports an error in the translation of fluid conditions from the
SATAN to LOCTA codes. The error results in a peak cladding termperature penalty
of 15'F. The peak cladding temperature for Cases A and G remain below the
2200'F limit.
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An evaluation has been performed which demons-rates that the large break LOCA

PCTs for cases A and G in Table 14.3.1-6 will remain below 2200 F for a

reduction in safety injection flow rates resulting from an increase in the RHR

and high head safety injection pump head degradation from 10~ to 15<.
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20. Attachment 13 to letter, M. P. Alexich, I&M, to H. R. Denton, NRC, March
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DONALD Ce COOK NUCLEAR PLANT UNZT 2

TABLE 14 ~ 3 . 1 1

LARGE BREAK LOCA CASES ANALYZED

CASE A- o
C ~0 ~ 6i 3588 Mwt Core Power> High Temperature (T ~615.2 F),~ g

HOT'igh

Pressure (P 2313 psia), F 2.220, F 1.620, Minimum SZ
RCS Q AH

with cross-tie valves open. Limiting break case, i.e., thi.s case

had highest PCT for all cases analyred.

C 0 ' 3588 Mwt Core Poweri High Temp rature (TH~-615 ' F)
0

D
N

High Pressure (P 2313 psia), F 2.240, F
<

1.620„ Minimum SZ

wi.th cross-ti.e valves open. P

CASE C- C ~0.8, 3588 Mwt Core Power, High Temperature (T ~615.2 F),o

High Pressure (P 2313 psia), F 2.240, F
~

1.620, Minimum SZ

with cross-tie valves open.

CASE D CD~0.6, 3588 Mwt Core Power, Low Temperature (T 582.3 F), High0

Pressure (P 2313 psia), F 2.220, F
~

1.620, Minimum SZ withN

cross-tie valves open.

CASE. E C ~0.6, 3588 Mwt Core Power, High Temperature (T ~615.0 F), Low
0

Pressure (P 2037 psia), F 2.220, F
<

1.620, Minimum SZ with
Q

cross-tie valves open.

C ~0.6, 3588 Mwt Core Power, High Temperature (T ~615.2 F),0

High Pressure (P 2313 psia), F 2-220, F
~

1.620, Maximum SZ
N

with cross-tie valves open.
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Case A
C0=0.6*
Hin Sl
3588 Hwt
615.2'F
~2333 is

Case C

C,=O.B
Hin SI
3588 Hwt
615.2'F
~2313 si

Case D

C =0.6
Hin Sl
3588 Hwt
582.3'F
~2313 li

TABLE 14.3.1.6
LARGE BREAK LOCA RESULTS FUEL CLADDING DATA

Case B

C,"-0.4
Hin SI
3588Hwt
615.24F
2~313 *13

Case E

C0=0.6
Hin Sl
3588 Hwt
615.0'F
2~332 ~ i 3

Case F

C0=0.6
Hax Sl
3588 Hwt
615.24F
~2313 3 is

Case G

C0=0.6
RNR X-Tie
3413 Hwt
611.2'F
2~333 3 ill

Peak Clad Temperature (4F)
Computed in Analysis

Hodel Assessmentst
Fuel Rod Hodel Update

,Seismic and LOCA Forces on
Steam Generator Tubes

2140.0

+10.0

+20.0

1848.2 1766.0 1878.4 2074.7 2102.7 2090.0

+10.0

+20.0

Structural Hetal Heat Hodeling

Lucifer Error Correction

Power Hargin

Skewed Po~er Shape Penalty

Hot Leg Nozzle Gap Benefit

Translation From Satan to LOCTA

Current Licensing Basis

Peak Clad Temperature
Location (ft)

Peak Clad Temperature
Time (sec)

Local Zr/H,O Reaction
Haximgn (%)

Local Zr/H,O Reaction
Location (ft)

Total Zr/H,O Reaction (%)

Not Rod Burst Time (sec)

Not Rod Burst Location .(ft)
CALCULATION ASSUHPTIONS:

-25.0

-6.0

~ 98.0

+253.0

-237.0

+15

2072.0'.75

258.9
'U

6.80

9.75

<0.3

45.79

6.00

8.75

250.1

3.56

6.25

<0.3

60.93

6.25

6.25

57.9

2.97

5.25

<0.3

50.66

5.25

9.75

239.9

3.30

9. 75

<0.3

50. 'I1

6.00

9.75

255.4

5.71

9.75

<0.3

46.05

6.00

9.75

253.1

6.18

9.75

<0.3

46.04

6.00

-25.0

-6.0

+253.0

-237.0

+15

2120.0*

9.75

244.4

6.08

9.75

<0.3

46.10

6.00

Peak Linear Po~er (Kw/ft), 102%

Peaking Factor (at License Rating)
Accumulator Water Voiune (ft ) per acctmnulator
Cycle Analyzed
* See the LOCA evaluation log maintained by the

UNIT 2

12.714 (12.721 for Case G)
2.220 (2.335 for Case G)

946
All

Nuclear Safety 8 Analysis Section for tenporary margin allocations.
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DONALD c. cooK NUCLEAR >LANT uNIT 2

TABLE 14.3.1-7
CASE A - LARGE BREAK LOCA Cg 0,6 J{ININN SAFERIARDS

lV,SS AND ENERGY RELEASE RATES

Time~e»
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9..0

10 0
11.0
12.0
12.4
13.0
14.0
15.0
16.0
17ep
18.0
19.0
20.0
21 '
22,0
23.0
24.0
25.0
25.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.8
40.0
46.0
46.6
66.0
86.'5

109.9
135.2
171.5
257.9

Mass Flow Rate

70562.
66324.
58446.
47776.
40310.
32388.
30679.
29057.
27299.
25547.
22446.
19737.
17525.
15806.
15567.
13863.
12346.
10803.
9785.
8687.
7013.
4975.
5361.
7165.
7503.
7368.
6741.
5803.
5513.
4940.
4386.
'3459.
2581.
1419.
1406.
1393.
1381.

193.2
193.2
193.2
608.1
623.2
631.6
637.8
676.6
691.8

Energy Flow Rate

37960066.
34809386.
30872684.
25444113.
21684814.
17815357.
17103044.
16373321.
15517895.
14706648.
13347482.
11937678.
10722934.
10271911.
9618894.
8692759.
7910304.
7134722.
6598154.
5904895.
5001042.
3600314.
3099603..
3249819.
2958259.
2506588.
1964716.
1452731.
1313192.
1064918.
833363.
548032.
354346.
80449.
79650.
78887.
78166.

7361
'361.

7408.
208262.
208283.
204153.
199042.
204636.
200029.
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SBLO A Model Assessments

10CFR50.46(a) (3). requires the record keeping and reporting of changes in
LOCA evaluation models "and of changes in the application of these models
Table 14.3.2-14 shows the peak clad temperature obtained for the small

Vbreak LOCA analysis for both the high head safety injection cross-tie open
and closed cases. The various changes to the evaluation models shown in
the table are taken from references 9, 12, 14, 15, 16, and 17. The peak
clad temperature result for all cases remains below 2200'F.

An evaluation has been performed which demonstrates that the small break
LOCA PCTs for cases 1 and 3 in Table 14.3.2-14 will remain below 2200 F

for a reduction in safety injection flow rates resulting from an increase
in the RHR and high head safety injection pump head degradation from 10%.

to 15%.
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TABLE 14.3.2-13

SMALL-BREAK LOSS OF COOIANT ACCIDENT CALCUIATIONS (4" Break)

REMLTS

LPHT

NOTRUMP Peak Clad Temperature (4F)

Peak Clad Temperature Location (ft)
Peak Clad Temperature Time (sec)

Local Zr/H,O Reaction Maximum (X)

Local Zr/H,O Reaction Location (ft)
Total Zr/H,O Reaction (X)

Rod Burst

Artificial Leak-By Penalty (4F)

Burst and Blockage Penalty (4F)

Total Peak Clad Temperature ('F)

«~NRSV

1531

11.25

846.1

. 0.459

11.25

None

12

None

1543

CALCULATION:

NSSS Power MWt 102X of

Peak Linear Pover kw/ft 102X of
Hot Rod Pover Distribution (kw/ft)
Accumulator Water Volume, cu. ft..

3588'2.764

See Figure 14.3.2-68

946

LPHT is lov pressure, high temperature operating condition.
W/ MSSV is main steam safety valve setpoint tolerance increase case at
3588 MWt core pover with HHSI crossties open.

'oes not include pump heat
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TABLE 14.3.2-14

SMALL BREAK LO F LANT AC IDENT CAL ULATI N

PEAK CLAD TEMPERATURE F ASSESSMENTS SIN E LAST ANALYSIS

Parameter Case 3* C~s2* Case 3*

Value computed in analysis 1956 1947 1531

Drift Flux Flow Regime Errors

Lucifer Error Corrections

Boiling Heat Transfer Correlation Error

. Steam Line Isolation Logic Error

Containment Spray during SBLOCA

-13

-16

-6

N/A

-13

-16

-6

+18

N/A

-13

-16

-6

+18

N/A

Axial Nodalization, RIP Model Revision, and +57 -45

SBLOCTA Error Corrections Analysis

NOTRUMP Specific Enthalpy Error

Burst and Blockage/Time in Life
SBLOCTA Fuel Rod Initialization Error

Loop Seal Evaluation Error

Licensing Basis & Permanent Assessments

+20

+0 .

-38

1988

+20

+10

-38

1929

+20

+0

+10

-38

1529

Case 1 Power level of 3250 MWt*", HHSI Cross-tie Closed
Case 2 Power level of 3413 MWt*", HHSI Cross-tie Closed

Case 3 Power level of 3588 MWt**, HHSI Cross-tie Open

««Note that the power level used in the analyses is 102% of the value
given and does not include, pump heat.
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14.3.5.3.2 Fue H d n cc dent

A discussion on the bounding case for a fuel handling accident inside of the
auxiliary building can be found in section 14.2.1 of the Unit 1 FSAR for the
potential power uprate of Unit 2 to 3588 MWt. An analysis of the fuel
handling accident both inside the auxiliary building and inside containment
was performed by Westinghouse. The results are presented in Table 14.3.5-6.

14.3.5.3.3 ck ot Wes

See Unit 2 UFSAR Section 14.1.6.

14.3.5.3.4 Ste Cene ato ube a d Ma Steaml ne Ru tures

The results of a steam generator tube rupture radiological analysis at a

power level of 3588 MWt is found in Table 14.3.5-6. (The analysis is also
discussed in Unit 1 PSAR Chapter 14.2.7.)

Por steam line break, the Cook Nuclear Plant Unit 2 PSAR analysis (Section
14.2.5) indicated that there would be no fuel failures for this transient.
Thus, the Technical Specification limits on coolant activity will be the
controlling factor for offsite doses. This limit has not been changed so the
PSAR dose results (Unit 1 UPSAR Section 14.2.7) remain bounding.

As with the locked rotor transient, if fuel failures were pro)ected to occur,
they would be bounded by the assumptions in the loss of coolant analysis
presented in Section 14.3.5.3.1 and therefore only a small fraction of the
10 CPR 100 limits.

14.3.5.3.5 RCC Assemb E ect o ncident

As discussed in Unit 2 UPSAR Section 14.2.6, analyses indicate that fuel and

clad limits are not exceeded. From this it is concluded that there is no

likelihood of a sudden fuel dispersal into the coolant. Since the peak
pressure does not cause stress to exceed stress limits, no further
consequence to the RCS is likely. The analyses also show that less than 10%

of the fuel rods in the core will enter DNB and release fission products.
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14 3,5,3,6 ~LCA Even

The salient parameters used in the LOCA analysis are presented in Table

14.3.5-5. The resulting offsite doses are presented in Table 14.3.5-6.

These doses are within the 10 CFR 100 4uidelines. This information is

applicable to both Unit 1 and Unit 2 of the UFSAR.

14.3.5.3.7 n rol Room Habitabilit

Analyses associated with control room habitability are presented in
Section 14.3.5 of the Unit 1 FSAR. These'nalyses bound both Units 1 and 2.
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~Gen ral

Table 14.3.5-5

PARAMETERS USED TO EVALUATE THE OFFSITE DOSES

DUE TO A LARGE-BREAK LOCA AT 3588 MWT

(PAGE 1 OF 3)

Core power level, Mwt 3588

Source Term
Fifty percent of the core iodine is assumed to be uniformly distributed in
the lower containment at time zero (TID-14844/Regulatory Guide 1.4)

I-131
I-132
I-133
I-134
I-135

Iodine Plate-out Factor

Iodine species
Elemental
Organic
Particulate

5.0 x 107 curies
7.3 x 107

1.0 x 108

1.1 x 10
9.5 x 107

0.5

0.91
0.04
0.05

100 percent of the core noble gas is released to containment.

Kr-85m
Kr-85
Kr-87
Kr-'88
Xe -131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-138

Containm n P r me ers

2.6 x 107 curies
8.3 x 10~

4.8 x 107

6.8 x 107

7.1 x 10~

2.9 x 107

2.0 x
1()'.1

x 107
4.2 x 107

1.6 x 10s

Vo'lume of upper containment, ft~
Volume of lower containment
(Includes dead ended volumes)
Volume of ice beds

Containment leak rate
0-24 hr, percent/day
> 24 hr.

7. 74 x 10~

3.62 x 10~

1.11 x 10~

0.25
0.125
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Table 14.3.5 5
PARAMETERS USED TO EVALUATE THE OFFSITE DOSES

DUE TO A LARGE-BREAK LOCA AT 3588 MWT

(PAGE 2 OF 3)

C n inm nt Param ers con 'd

Containment Spray System "

Upper Containment
Spray flow rate, gpm
Spray fall height, ft

Lower Containment
Spray flow rate, gpm
Spray fall height, ft

Spray Injection Starts, Sec

Air Steam Flow Rates, cfm
0-10 min.

>10 min.

I din Remov 1 P ram rs

Upper Containment
Elemental iodine removal by spray,

hr'njectionspray (115 sec. to 16 min.)
recirculation spray (>20 min.)

2075
85

1006
50

115

416,000 (average flow rate from
lower to upper containment)

39,000 (recirculated between
lower and upper containment
through the ice beds)

10
3.2

Particulate iodine removal by spray, hr '.3
Lower Containment

Elemental iodine removal by spray," hr
'njectionspray (115 sec to 16 min)

recirculation spray (>20 min)
10
2.8

Particulate iodine removal by spray, hr'.6
Ice Condenser Iodine removal efficiency

0-10 min.
10-40 min.
>40 min.

0
0.3
0

Elemental iodine DF (includes the combined 100
effects of sprays and the ice condenser)

Particulate iodine DF 100

* A four minute interruption in the operation of the containment spray
system during the transfer to cold leg recirculation is assumed in the
offsite dose evaluation.
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Table 14.3.5-5
PARAHETERS USED TO EVALUATE THE OFFSITE DOSES

DUE TO A LARGE-BREAK LOCA AT 3588 MWT

(PAGE 3 OF 3)

s e a eous amte
Atmospheric dispersion factors at the site boundary and at the outer boundary
of the low population tone (LPZ), sec/m, and breathing rates, m /sec:

0-2 hr.

2-24 hr.

1-5 days
l

5-30 days

S te Bou da

3.15 x 10

0

0

~LZ

7.5 x 10 ~

7.5 x 10 ~

2.6 x 10 6

7.9 x 10 ~

0-8 hr.

8-24 hr.

Beth n Rate

3.47 x 10 4

1.75 x 10

1-30 days 2.32 x 10 4
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Table 14.3.5-6

ESTIMATED DOSES FOR 3588 MWT POWER OPERATION

Accident Descri tion
Fuel Handling Accident in the Auxiliary Building

0-2 hour thyroid at SB
0-2 hour whole body at SB

Fuel Handling Accident in Containment

0-2 hour thyroid at SB
0-2 hour whole body at SB

Steam Generator Tube Rupture

0-2 hour site boundary
thyroid
whole body

0-8 hour Low Population Zone (LPZ)
thyroid
whole body

Large-Break LOCA "

0-2 hour
thyroid
whole body

0-30 day LPZ
thyroid
whole body gamma

" Calculated doses

Doses in rem

2.6
0.6

100

1.7
0.2

0.4
0.05

154
2.4

134
1.8
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14.3.7 LONG'ERM COOLING

This section has been revised to incorporate updated analytical material<'>
regarding pressurized thermal shock (PTS) and the prevention of Reactor
Coolant System (RCS) overpressurization "onditions during, or subsequent to,
periods of rapid and/or prolonged system cooldown. 'his material indicates
that certain small LOCAs and double-ended (or equivalent) SGTRs with high
break flow rates have replaced large steamline breaks, certain small break
LOCAs and feedwater line breaks as the dominant PTS related accidents.
General discussions of the PTS issues, including stagnant loop concerns and

Emergency Response Guideline (ERG) actions are presented. The methodology
followed in applying this generic information specifically to the Donald C.

Cook Nuclear Plant is summarized. The PTS screening criteria and limiting
approved calculated PTS values projected to the end of vessel life determined
in accordance with 10 CFR 50.61 are also provided for Donald C. Cook Units 1

and 2. 'inally, a brief general discussion of long term cooling and the use
of WOG-ERG based plant emergency operating procedures to prevent excessive
cooldown and reduce any PTS related 'risk is presented.

1. G n ri B ck round nd D s ri ion

A combination of severe cooling (thermal shock) and high pressure
produces the condition that is called pressurized thermal shock (PTS)

Within the thick walls of the reactor pressure vessel, a substantial
temperature gradient can be produced by rapid cooling„,of the inner
surface. This gradient results in thermal stresses that are tensile in
nature'nd that are a maximum at the inner surface of the vessel. If
the system is pressurized during or after the cooldown occurs, an

additional pressure stress is imposed on the vessel wall, again being
tensile in nature and having a maximum at the inner surface. It is this
combined pressure-temperature stress that is of primary concern for PTS.,

A limiting PTS condition that may challenge the reactor vessel integrity
can occur during a severe transient such as a loss of coolant accident
(LOCA), a secondary side depressurization (steamline or feedline break),
or a steam generator tube rupture (SGTR). Such transients may challenge
the integrity of a reactor vessel under the following conditions:
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severe overcooling of the inside of the vessel wall ollowed by
high repressurization,
significant degradation of vessel material toughness caused by
radiation embrittlement, and

the presence of a critical-size defect in the vessel wall.

A PTS concern arises if one of= these transients acts on the highly
irradiated beltline region of a reactor vessel where a reduced fracture
resistance exists because of the neutron irradiation. Such an event may

produce the propagation o flaws postulated to exist near the inner
wal'urface,thereby potentially affecting the integrity of the vessel.

The Westinghouse Owners Group (WOG) completed a generic evaluation
program of the'everity of the thermal shock transient and submitted a

report to the NRC, WCAP-10019, dated Decembe" 1981I" . This generic
report concluded that, based on a conservatire assessment, all of the
Westinghouse Pressurized Water Reactors, including Donald C. Cook Units
1 and 2, could continue to operate for a considerable number of years
before the reactor vessel integrity acceptance criteria would be

violated. The results of the WOG program demonstrated that no immediate
reactor vessel integrity concerns exist.

As part of this continuing effort another report was submitted to the
NRC in May 1982 by the Westinghouse Owners Group'" . This report
provided additional information on WCAP-10019 and responded to the NRC's

short term action needs as the Staff perceived them"'. Several
methodological differences exist between References (1) and (2),
particularly on the subject of crack arresting as the basis on which to
predicate vessel integrity.

Xn the above studies, and also a probabilistic transient evaluation by
the NRC , it was recognized that transients leading to stagnation of(~)

flow in the reactor coolant loops while safety injection flow continues
may be an additional candidate contributing to PTS. The stagnant loop
considerations are discussed below.
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2. General Discussion of PTS Risk In ludin S a nant Reactor Coolant L oo

Conditions

During a transient or emergency event, all reactor, coolant pumps (RCPs)

may be stopped due to loss of support conditions (e.g., offsite power

supply, cooling water to motors or seals) or due to meeting the RCP trip
criteria. In this latter situation, the operator would be directed to
trip the RCPs if a safety injection pump is running and the RCP trip
parameter is reached (e.g., low RCS subcooling or low RCS pressure).
After RCP trip, unless the residual heat removal (RHR) system is in
service and is removing decay heat, natural circulation flow will be

needed to remove core decay heat through the steam generators.,

If natural circulation flow decreases or is stopped in on or more loops
and safety injection (SI) flow is maintained to the cold legs of the
affected loops, the relatively cold SI water will mix with the water in
the cold legs and vessel downcomer. This can cause a PTS,concern for
the reactor vessel if the RCS pressure'remains or becomes high.

For a rigorous determination of the PTS risk for the plant, literally
thousands of postulated cooldown scenarios could be considered.
However, by applying appropriately conservative approximations, it was

possible to focus on the limiting cases and also analyze this problem on
a generic basis. A generic study of PTS risk, including stagnant'oop
considerations, was performed by the Westinghouse Owners Group and is
provided in WCAP-10319'" .

The PTS study including stagnant loop conditions consisted of .three main
efforts:,

an event tree analysis of the seven transient, families believed to
include all -the potential stagnant loop transients that contribute
to the overall PTS risk.
a thermal hydraulic analysis to determine a characteristic
pressure, final temperature (reflecting the depth of the cooldown),

UNIT 2
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and time constant (reflecting the rate of cooldown) for each of the
unique sequences or "bins" identified in the event tree analysis,
and

application of the NRC probabilistic fracture mechanics (PFM) model
from Reference (4) to determine the PTS risk associated with each
of the identified sequences or bins.

In the WCAP-10319 study, the PTS risk is defined based on the frequency
of significant flaw extension for longitudinal flaws that may exist at
the inner surface of the reactor vessel. As noted below, welds oriented
in the circumferential direction have a less stringent PTS screening
criterion (i.e., 300 versus 270'F), so selection of flaws oriented in
the axial or longitudinal direction for a measure of the PTS risk is
appropriate and conservative. This selected PTS risk parameter is
evaluated as a function of the mean surface RT~~ (reference temperature
nil-ductility transition). This vessel surface RT~ parameter, now

referred to as the vessel RT~~ (reference temperature for pressurized
thermal shock), is provided in Figure 14.3.7-1. This figure can be

applied to most of the WOG member plants including the Donald C. Cook

Nuclear Plant.

In Figure 14.3.7-1, the PTS contributions associated with each of the
seven categories or transient types investigated in the WCAP-10319 WOG

study are provided. The corresponding "WOG TOTAL" is also sho~n and

compares closely with the "NRC TOTAL" from Reference (4) . The results
of this WOG study show that the overall PTS risk for a typical
Westinghouse plant is dominated by LOCAs and SGTRs, specifically small
LOCAs with equivalent diameters in a certain range (about, 2" to 6" for a

4-loop plant) and double-ended (or equivalent) SGTRs that occur
simultaneously with a loss of offsite power or other conditions
resulting in a trip of all RCPs.

Hot leg LOCAs were specifically analyzed for the generic study to
maximize the amount of cold safety injection and accumulator water added

to the RCS cold legs and vessel downcomer regions. Note that for
smaller LOCA cases, SI flow would be able to keep up with break flow; if
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the RCPs are tripped for these cases, natural circulation flow Mould be

maintained and there, would be no uncontrolled cooldown of the cold legs
and vessel downcomer regions. For larger break sizes, the cooldown

would be uncontrolled but the RCS depressurizes quickly. Thus, for
these extremes in break sizes, either the temperature or pressure stress
contributions are minimized, so these events become less severe from the
PTS perspective than LOCAs in the 2" to 6" range analyzed for the PTS

s'tudies.

Some of the scenarios used for the SGTR cases also account for extended
delays in termination of safety injection following the initiation of
operator actions to cooldown and depressurize the RCS (Note: In
addition to identifying and isolating the ruptured steam generator,
these operator actions are credited for the SGTR event) . Manual SI
termination delays following depressurization of the RCS to the ruptured
S/G pressure were assumed for these cases. This delay tends to maximize
the time that flow in the ruptured loop is slowed down or stagnates
prior to SI termination. The max'mum delay cases correspond to a total
transient time of more than 60 minutes for operator action to terminate
SI flow. This category of SGTR is calculated to contribute less than 1%

to the estimated total SGTR initiating event frequency of 3.9 x
10,'ccurrencesper reactor-year.

It is also important= to point out that in recent years, there has been

an increased awareness of the need for performing any required operator
SGTR accident response actions in a timely manner. This increased
operator awareness, combined with a high probability that the RCPs would
be left operating for a design basis SGTR event, tends to make the SGTR

contribution to overall PTS risk in WCAP-10319 conservatively high when

applied to most. WOG plants including the Donald C. Cook Nuclear Plant.

The WOG study indicated that the cold legs and vessel downcomer do not,
on the average, cool down as much for the SGTR cases as for small LOCAs.

It is because of this that below an RT~~ of 290 F, small LOCAs
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are the dominant contributors to PTS risk, despite the greater
initiating event frequency of the SGTR cases. At RT~~ values above

290'F, SGTRs become the dominant contributor to PTS risk. A similar
trend could be expected for the Donald C. Cook Nuclear Plant sine~ the
initiating event frequencies used in the generic PTS studies are

comparable to or bounding when compared to those expected at the Cook

plant.

Besides small LOCA and SGTR, the next most limiting event identified in
Figure 14.3.7-1 is the loss of heat sink transient. This event is
actually treated as a small hot leg LOCA since the operator would, based

on the ERGs, initiate high pressure SI and open the pressurizer PORVs.

This bleed and feed mode of recovery is used for the unlikely situation
in which AFW is not available and other modes of secondary cooling
(e.g., recovery of main feedwater) cannot be performed. The

characteristic pressure associated with this scenario is conservatively
P

assumed to be 2000 psig in WCAP-10319. With capability to open all
three pressurizer PORVs at Donald C. Cook Units 1 and 2, the RCS

pressure would be expected to be less than 2000 psig for this bleed and

feed mode of recovery. Thus, application of'he generic curve for this
specific contribution is considered to be appropriate.

The other PTS transient scenarios, including those involving loop
stagnation (such as secondary depressurization, anticipated transient
without scram, and feedline break), do not contribute significantly to
the total frequency. This supports the woG position that the overall
risk from PTS is dominated by small LOCA and SGTR events and is not
affected by other candidate sequences, including severe cooldown

transients that result in stagnant loop conditions. Note that small
steamline breaks are no longer significant contributors to the total
frequency of flaw extension for a typical Westinghouse PWR as previously
suggested in an earlier WOG PTS risk study"'.
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Based on the assessment summarized above, results of the stagnant loop
study are considered applicable and conservative for the Donald C. Cook

Nuclear Plant. Emergency operating procedures based on the ERGs are
available and the operators are trained to follow the procedures. This
includes significant actions such as tripping the RCPs based on

specified criteria, throttling AFW flow when called for, terminating SI
flow when required, and only cooling the RCS within specified limits.
Sensitivities to various operator action times and credible failures are
also considered, as was noted above for the delayed SI termination SGTR

cases.

Based on the results from the stagnant loop evaluation and limiting PTS

and screening values as described below, it can be concluded that, as

long as plant emergency operating procedures based on the ERGs are
followed, stagnant loop transients do not significantly increase the PTS

risk for a typical Westinghouse-designed plant such as the Donald C.

Cook Nuclear Plant.

3. Limi in RT-PT Valu s n creenin ri eria

In July 1985, the NRC published a new rule under 10 CFR 50.61 entitled
"Fracture Toughness Requirements for Protection Against Pressurized
Thermal Shock (PTS) Events." This new rule established screening limits
for the calculated reference temperature for pressurized thermal shock

(RT~~) as follows: a) 270 F for plates, forgings, and axial weld
materials, and b) 300'F for circumferential weld materials. The RT~~

must be calculated as per paragraph (b) (2) of 10 CFR 50.61.

In May 1991, the NRC issued a revision to 10 CFR 50.61. This revision
incorporated the calculational methodology of Regulatory Guide 1.99,
Revision 2, "Radiation Embrittlement of Reactor Vessel Material," U.S.
Nuclear Regulatory Commission, May 1988. In addition, this revision
required licensees to submit projected values of RT~~ for the reactor
beltlxne materials for the time of the submittal and for the projected
expiration date of the operating license. Per this requirement, the
Cook Nuclear Plant submitted a plant-specific RT~~ calculation for both
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units to the NRC"'. The controlling material and the calculated RT~~

values at the end of the operating licenses are as follows:

U~ni l
Intermediate to lower shell
circumferential weld (9-442)

Calculated RT~~ 216'F
Screening Limit 300'F

Unit 2

Intermediate shell plate (C5556-2)

Calculated RT~~ 217'F
Screening Limit 270 F

The plant-specific RT~~ calculation, for Cook Unit 1 is, based on the

July 19B5 of 10 CFR 50.61 and the plant-specific RT~~ calculation for
Cook Unit 2 is based on the May 1991 version of 10 CFR 50.61.

~ The NRC has approved the submittal and issued a Safety Evaluation report
dated October 1, 1991 . The RT~~ will be recalculated and submitted
to the NRC whenever changes in core loadings, surveillance measurements,

or other information indicates a significant change in projected values

per the requirements of 10 CFR 50.61.

Em r enc R ons ' idelin nd Their A plica ion for Lon T rm

~Cn lin

The generic Emergency Response Guidelines (ERGs) developed by the
Westinghouse Owners Group contain appropriate steps to prevent or
mitigate the effects of PTS events. These generic guidelines were

developed as part of the program for implementation of item I.C.1 of
NUREG-0737 and were submitted to the NRC"'. As the ERGs were

developed, a PTS review of the ERGs was performed to ensure that the

actions taken were appropriate'. Revision 1 of the ERGs included the

results of this PTS review and this version of the ERGs has been

transmitted to the NRC" '. As reported above, both Donald C. Cook units
have limiting RT~~ projected values that are greater than 200'F but
less than 250'F. With these results, both units are considered to be in
Category II with respect to PTS mitigation actions based on the ERGs "'.
The Donald C. Cook Units 1 and 2 emergency operating procedures are

based on the WOG ERGs.

UNIT 2 14.3.7-B July. 1997



For initial cooldown following eithe" of the dominant accident
scenarios, the operator is instructed to use the intact steam generators
(S/Gs) to remove plant decay and stored heat. This is done by feeding
the S/Gs with auxiliary feedwater to maintain an indicated S/G water
level within the narrow-range level instrument span, and rel'ieving S/G

pressure by means of the steam dump valves (if offsite power is
available or can be quickly restored) . The main steam system
atmospheric safety or relief valves can be used if the steam dump system
is'ot available. Long term cooling continues using the intact S/Gs,
auxiliary feedwater and the atmospheric safety or relief valves.

In order to assure effective long-term cooling for a LOCA certain
additional operator actions are assumed. These actions are principally
(1) to switch the ECCS from the injection phase to the recirculation
phase, (2) to place the reactor coolant pumps in a condition where they
can most effectively aid core cooling, and (3) to switch the ECCS from
cold leg recirculation to hot leg recirculation at the appropriate time
to prevent boron precipitation. Al'f these items and other
appropriate actions that need to be taken to ensure PTS risk is
minimized are specified in the plant emergency operating procedures.

I

I

Control of long term cooling for these and other accident scenarios
requires specific actions and responses unique to the type of accident
that has occurred. The plant emergency operating procedures provide the
operator instructions for controlling long term cooling and minimizihg
PTS risk during anticipated accidents. The emergency operating
procedures cover the range of activities required to take the plant to a

safe shutdown condition, identify the parameters that must be monitored,
the equipment that must be available, and establish the sequence for
performing the required activities. Procedural compliance ensures that
activities are completed within time frames required to prevent
challenging PTS risk concerns and minimize operator errors. The

complete set of emergency operating procedures also account for other
unusual conditions such as loss of offsite power, some multiple failures
(such as LOCA plus SGTR) and equipment failures/unavailability.
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14.3.8 NITROGEN BLANKETING

This section was a portion of the response to question 212.34 of Appendix Q

of the original FSAR which addressed the issu of nitrogen blanketing from
the accumulators in SBLOCA.

Subsequent to 1977, extensive analyses have been performed to study the
general behavior of SBLOCA. Credible sources of non-condensables in SBLOCA

have been considered in both references 1 and 2. Accumulator nitrogen was

not identified as a potential source of non-condensables. Credible non-
condensables were specifically addressed in the development of the NOTRUMP

code which is currently the analysis of record for both units.

Referen
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3.2-45
3.2-46
3.2-47
3.2-48
3.2-49
3.2-50
3.2-51
3.2-52
3 '-53
3.2-54
3.2-55
3.2-56
3.2-57
3.2-58
3.2-59
3.2-60
3.2-61
3.2-62
3.2-63
3.2-64
3.2-65
3.2-66
3.2-67
3.2-68
3.2-69
3.2-70
3.2-71
3 ~ 2 72
3 ~ 2 73
3.2-74
3.2-75
3.2-76
3+2 77
3.2-78
3.2-79
3.2-80
3.2-81
3.2-82
3.2-83
3.2-84
3.2-85

Date

1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995



Page 16

Chapter 3 Reactor Unit 2

VOLUME II

Table
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fig.
Fige
Fige
Fige
Fige
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fige

Pacae

3.2-86
3.2-87
3.2-88
3.2-89
3.2-90
3.2-91
3.2-92
3.2-93
3.2-94
3.2-1
3 ~ 2 1
3 ~ 2 2
3.2-3
3 '-4
3.2-5
3.2-5a
3.2-6
3 ~ 2 7
3.2-8
3.2-9
3.2-10
3.2-11
3.2-12
3 ~ 2 13
3.2-15
3.2-16
3 ~ 2 1 7
3.2-18
3.2-19
3.2-20
3 ~ 2 2 1
3.2-22
3 ~ 2 23
3. 2-24

Date

1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1982
1982
1982
1982
1982
1982
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Chapter 3

VOLUME III
Reactor Unit 2 Pacae

3.3-1
3 ~ 3 2
3 ~ 3 3
3.3-4
3.3-5
3.3-6
3 ~ 3 7
3.3-8
3.3-9
3.3-10
3 ~ 3 1 1
3.3-12
3.'3-13
3.3-14
3.3-15
3.3-16
3.3-17
3.3-18
3.3-19
3.3-20
3.3-21
3 ~ 3 22
3 ~ 3 23
3. 3-24
3.3-25
3.3-26
3 ~ 3 27
3.3-28
3.3-29
3.3-30
3.3-31
303-32
3 ~ 3 33
3.3-34
3.3-35
3.3-36
3 ~ 3 37
3.3-38
3.3-39
3.3-40
3.3-41
3.3-42
3.3-43
3.3-44
3.3-45
3.3-46
3.3-47

Date

1991
1991
1991
1995
1991
1991
1991
1991
1993
1995
1991
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1992
1995
1991
1991
1991
1995
1991
1991
1991
1991
1991
1991
1993
1991
1991
1991
1991
1991
1991
1991
1991
1995
1991
1991
1991
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Chapter 3 Reactor Unit 2

VOLUME III

Table
Table
Table
Table
Table
Table
Table
Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fige

Pacae

3.3-48
3.3-49
3.3-50
3.3-51
3.3-52
3.3-53
3.3-54
3.3-55
3.3-56
3.3-57
3.3-58
3.3-59
3.3-60
3.3-61
3 3-1 (3pp)
3.3-2 (pgl)
3.3-2 (pg2)
3 ~ 3 3
3.3-4
3.3-5
3.3-6
3 ~ 3 1
3 ~ 3 2
3 ~ 3 3
3.3-4
3.3-5
3.3-6
3 ~ 3 7
3.3-8
3.3-9
3.3-10

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991



Chapter 3 Reactor Unit 2

VOLUME III

Fl.g e

Fl.g e

Fige
Fige
Fige
Fige
Fige
Fige
Fl.g e

Fl,g e

Fige
Fl.g e

Fl.g e

Fig.
Fige
Fig.
Fl.g e

Fig.
Fige
Fige
Fige
Fige
Fig.
Fig.
Fige
Fig.
Fige
Fl.g e

Pacae

3.3-11
3.3-12
3.3-13
3.3-14
3.3-15
3.3-16
3 ~ 3 17
3.3-18
3.3-19
3.3-20
3.3-21
3.3-22
3 ~ 3 23
3.3-24
3.3-25
3.3-26
3 ~ 3 27
3.3-28
3.3-29
3.3-30
3 ~ 3 3 1
3 ~ 3 32
3 ~ 3 33
3.3-34
3.3-35
3.3-36
3 ~ 3 37
3.3-38
3.4-1
3.4-2
3.4-3
3.4-4
3.4-5
3.4-6
3.4-7
3.4-8
3.4-9
3.4-10
3.4-11

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1982
1991
1991
1991
1993
1991
1991
1991
1991
1992
1991
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Chapter 3 -Reactor Unit 2

VOLUME III
Pacae

3.4-12
3.4-13
3.4-14
3.4-15
3.4-16
3.4-17
3.4-18
3.4-19
3.4-20
3.4-21
3.4-22
3.4-23
3.4-24
3.4-25
3.4-26
3.4-27
3.4-28
3.4-29
3.4-30
3.4-31
3.4-32
3.4-33
3.4-34
3.4-35
3.4-36
3.4-37
3.4-38
3.4-39
3.4-40
3.4-41
3.4-42
3.4-43
3.4-44
3.4-45
3.4-46
3.4-47
3.4-48
3.4-49
3.4-50
3.4-51
3.4-52
3.4-53
3.4-54
3.4-55
3.4-56
3.4-57
3.4-58
3.4-59
3.4-60

Date

1991
1991
1991
1993
1991
1991
1991
1991
1991
1991
1991
1993
1991
1993
1991
1991
1991
1991
1993
1991
1993
1991
1991
1991
1991
1991
1991
1991
1993
1991
1991
1992
1991
1991
1993
1991
1991
1991
1991
1992
1991
1991
1991
1991
1991
1991
1991
1991
1991
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Chapter 3 Reactor Unit 2

VOLUME III

Table

Table
Table
Table
Fig.
Fig.
Fig.
Fig.
Fig»
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fige
Fige
Fig.

Pacae

3.4-61
3.4-62
3.4-63
3.4-64
3.4-65
3.4-1 (pg 1)

(pg 2)
(pg 3)

3.4-2
3 '-3 (2pp)
3.4-4
3.4-1
3.4-2
3.4-3
3.4-4
3.4-5
3.4-6
3.4-7
3.4-8
3.4-9
3.4-10
3.4-11
3.4-12
3.4-13
3.4-14
3.5-1
3.5-2
3.5-3
3.5-4

Date

1991
1991
1991
1991
1991
1992
1992
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1996
1996
1996
1996
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Chapter 4

VOLUME III
Reactor Coolant S stem

Table
Table
Table
Table
Table

Table
Table
Table
Table
Table

Table
Table
Table

Pacae

4.1-1
4.1-2
4.1-3
4.1-4
4.1-5
4.1-6
4.1-7
4.1-8
4.1-9
4.1-10
4.1-11
4.1-12
4.1-13
4.1-14
4.1-15
4.1-16
4.1-17
4.1-18
4.1-19
4.1-20
4.1-21
4.1.22
4.1-23
4.1-24
4.1-1
4.1-2
4.1-3
4.1-4
4.1-5

4.1-6
4.1-7
F 1-8
4.1-9
4.1-10

4.1-11
4.1-12
4.1-13
4.2-1
4.2-2
4.2-3
4.2-4
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-10
4.2-11
4.2-12

(pg 1)
(pg 2)

(pg 1)
(pg 2)
(3pp)
(2pp)

Date

1991
1991
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1990
1990
1990
1991
1982
1982
1989
1982
1982
1982
1982
1982
1990
1996
1990
1991
1991
1989
1989
1989
1989
1996
1996
1996
1989
1991
1996
1982
1982
1982
1989
1982
1982
1996
1982
1994
1982
1989
1989
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Chapter 4

VOLUME III
Reactor Coolant S stem

Table
Table
Table

Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig»

Fight

Fige
Fige
Fige

Pacae

4.2-13
4.2-14
4.2-15
4.2-16
4.2-17
4.2-18
4.2-19
4.2-20
4.2-21
4.2-22
4.2-23
4.2-24
4.2-25
4.2-26
4.2-27
4.2-28
4.2-29
4.2-30
4.2-31
4.2-32
4.2-33
4.2-34
4.2-35
4.2-36
4.2-1 (3pp)
4.2-2
4.2-3
4.2-1
4.2-1A
4.2-2
4.2-2A
4.2-3
4.2-4
4.2-4A
4.2-5
4.2-6
4.2-7
4.2-8
4.2-9
4.2-9 Ref. (4pp)
4.3-1
4.3-2
4.3-3
4.3-4
4.3-5
4.3-6
4.3-7
4.3-8
4.3-9

Date

1989
1982
1982
1982
1995
1983
1991
1991
1991
1996
1982
1994
1982
1995
1982
1986
1982
1982
1982
1996
1982
1987
1987
1987
1989
1996
1995
1984
1996
1982
1982
1982
1982
1989
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1982
1982
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Chapter 4

VOLUME III
Reactor Coolant S stem

Table
Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fig.
Fig.
Fig+
Fige
Fig.

Pacae

4.3-10
4.3-11
4.3-12
4.3-13
4.3-14
4.3-15
4.3-16
4.3-17
4.3-18
4.3-19
4.3-20
4.3-21
4.3-22
4.3-23
4.3-24
4.3-25
4.3-26
4.3-1
4.3-2
4.3-3
4.3-4
4.3-5 (2pp)
4.3-6
4.3-7
4.3-8
4. 3-1.
4.3-2
4.3-3
4.3-4
4.3-5
4.3-6
4.3-7
4.4-1
4.4-2
4.4-3
4.5-1
4.5-2
4.5-3
4.5-4
4.5-5
4.5-6
4.5-7
4.5-8
4.5-9
4.5-10
4.5-11
4.5-12

Date

1982
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1990

, 1990
1989
1989
1990
1990
1990
1989
1982
1982
1982
1982
1982
1990
1990
1986
1988
1986
1982
1996
1982
1982
1996
1996
1996
1996
1996
1996
1996
1996
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Chapter 4

VOLUME III
Reactor Coolant S stem

Table

Fig.
Fig.
Fige
Fige

Pacae

4.5-13
4.5-14
4.5-15
4.5-16
4.5-17
4.5-18
4.5-19
4.5-20
4.5-21
4.5-22
4.5-23
4.5-24
4.5-25
4.5-1 (pg 1)

(pg 2)
(pg 3)
(pg 4)

4.5-1
4.5-2
4.5-2a
4.5-3

Date

1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1989
1989
1989
1990
1982
1982
1996
1982
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Chapter 5 Containment S stem

VOLUME IV

Table

Pacae

5.0-1
5.1-1
5.1-2
5.1-3
5.1-4
5.1-1 (2pp)
5.2-1
5.2-2
5.2-3
5.2-4
5.2-5
5.2-6
5.2-7
5.2-8
5.2-9
5.2-10
5.2-11
5.2-12
5.2-13
5.2-14
5.2-15
5.2-16
5.2-17
5.2-18
5.2-19
5.2-20
5.2-21
5.2-22
5.2-23
5.2-24
5.2-25
5.2-26
5.2-27
5.2-28
5.2-29
5.2-30
5.2-31
5.2-32
5.2-33
5.2-34
5.2-35
5.2-36
5.2-37
5.2-38
5.2-39
5.2-40
5.2-41
5.2-42
5.2-43
5.2-44
5.2-45

Date

1989
1987
1982
1982
1982
1989.
1989
1982
1982
1982
1982
1986
1982
1990
1986
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1990
1982
1987
1982
1982
1987
1987
1987
1982
1987
1987
1988
1987
1987
1987
1987
1995
1987
1990
1989
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Chapter 5 Containment S stem

VOLUME IV

Pacae

5.2-46
5.2-47
5.2-48
5.2-49
5.2-50
5.2-51
5.2-52
5.2-53
5.2-54
5.2-55
5.2-56
5.2-57
5.2-58
5.2-59
5.2-60
5.2-61
5.2-62
5.2-63
5.2-64
5.2-65
5.2-66
5.2-67
5.2-68
5.2-69
5.2-70
5.2-71
5.2-72
5.2-73
5.2-74
5.2-75
5.2-76
5.2-77
5.2-78
5.2-79
5,2-80
5.2-81
5.2-82
5.2-83
5.2-84
5.2-85
5.2-86
5.2-87
5.2-88
5 '-89
5.2-90
5.2-91
5.2-92
5.2-93
5.2-94
5.2-95

Date

1989
1989
1982
1988
1989
1989
1987
1995
1988
1989
1990
1987
1987
1991
1989
1988
1987
1987
1987
1987
1987
1995
1988
1988
1987
1988
1987
1987
1987
1987
1987
1988
1988
1990
1991
1990
1990
1990
1990
1990
1990
1990
1990
1993
1990
1990
1990
1990
1990
1990
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Chapter 5 Containment S stem

VOLUME IV

Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fige
Fige
Fige
Fige
Fig.
Fig.
Fige
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fige
Fige
Fig.
Fige
Fige
Fige
Fige
Fig.
Fige

Pacae

5.2-96
5.2-97
5 '-98
5.2-99
5.2-100
5.2-101
5.2-102
5.2-103
5.2-104
5.2-105
5.2-106
5.2-107
5.2-108
5.2-109
5.2-110
5.2-111
5.2-112
5.2-113
5.2-114
5.2-1
5 F 2-2 (2pp)
5.2-3
5.2-4
5.2-5
5.2-6
5.2-7
5.2-1
5.2-2
5.2-3
5.2-4
5.2-5
5.2.2-1
5.2.2-1A
5.2.2-2
5.2.2-2A
5.2.2-3
5.2.2-4
5.2.2-4A
5.2.2-4B
5.2.2-5
5.2.2-6
5.2.2-6A
5.2.2-6B
5.2.2-6C
5.2 '-6D
5.2.2-7
5.2.2-8
5.2.2-9
5.2.2-10
5.2.2-10A

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1995
1990
1991
1990
1990
1990
1990
1990
1990
1990
1990
1982
1982
ORIG
1982
1988
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
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Chapter 5 Containment S stem

VOLUME IV

Fig e

Fig e

Fig e

Fige
Fige
Fige
Fige
Fl.g e

Fig e

Fig e

Fige
Fige
Fl.g e

Fige
Fige
Fige
Fl.g e

Fig e

Fige
Fig.
Fl.g e

Fig.
Fige
Fl.g e

Fige
Fig e

Fl.g e

Fig e

Fig.
Fige
Fige
Fige
Fl.g e

Fige
Fige
Fige
Fige
Fl.g e

Fig e

Fig e

Fl.g e

Fl.g e

Fig e

Fig.
Fige
Fige
Fige
Fig.
Fige
Fig.
Fige

pacae

5.2.2-11
5.2.2-11A
5.2.2-12
5.2.2-12A
5.2.2-13
5.2.2-14
5.2.2-15
5.2.2-16
5. 2. 2-17
5.2.2-18
5.2.2-19
5.2.2-20
5.2.2-21
5.2.2-22
5.2.2-23
5.2.2-24
5.2.2-25
5.2.2-26
5.2.2-27
5.2.2-28
5.2.2-29
5.2.2-30
5.2.2-31
5.2.2-32
5.2.2-33
5.2.2-34
5.2.2-35
5.2.2-36
5.2.2-37
5.2.2-38
5.2.2-39
5.2.2-40
5.2.2-41
5.2.2-42
5.2.2-43
5.2.2-44
5.2.2-45
5.2.2-46
5.2.2-47
5.2.2-48
5.2.2-49
5.2.2-50
5.2.2-51
5. 2. 2-51A
5.2.2-51B
5.2.2-51C
5.2.2-51D
5.2.2-51E
5.2.2-52
5 '.2-52A
5.2.2-53

Date

1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
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Chapter 5 Containment S stem

VOLUME IV

Fig.
Fig.
Fige
Fige
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fige
Fige
Fig.
Fige
Fig.
Fig.

Pacae

5.2.2-54
5.2.2-54A
5.2.2-54B
5.2 '-55
5.2.2-55A
5.2.2-56,
5.2.2-56A
5.2.2-57
5.2.2-57A
5.2.2-58
5.2.2-58A
5.2.2-59
5.2.2-59A
5.2.2-59B
5.2.2-59C
5.2.2-59D
5.2.2-59E
5.2.2-60
5.2.2-60A
5.2.2-60B
5.2.2-60C
5.2.2-61
5.2.2-62
5.2.2-63
5.2.2-64
5.2.2-65
5.2.2-65A
5.3-1
5.3-2
5.3-3
5.3-4
5.3-5
5.3-6
5.3-7
5.3-8
5.3-9
5.3-10
5.3-11
5.3-12
5.3-13
5.3-14
5.3-15
5.3-16
5.3-17
5.3-18
5.3-19
5.3-20
5.3-21
5.3-22
5.3-23

Date

1995
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1991
1991
1982
1982
1982
1982
1982
1982
1982
1982
1996
1996
1982
1982
1982
1982
1982
1982
1982
1988
1982
1993
1984
1993
1982
1984
1984
1982
1982
1990
1982
1982
1982
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Chapter 5 Containment S stem

VOLUME IV

Table

Fig e

Fige
Fige
Fige
Fige

Pacae

5.3-24
5.3-25
5.3-26
5.3-27
5.3-28
5.3-29
5.3-30
5.3-31
5.3-32
5.3-33
5.3-34
5.3-1 (pg 1)

(pg 2)
5.3-1
5.3-2
5.3-2A
5.3-3
5.3-4
5.4-1
5.4-2
5.4-3
5.4-4
5.4-5
5.4-6
5.4-7
5.4-8
5.5-1
5.5-2
5.5-3
5 '-4
5.5-5
5.5-6
5.5-7
5.5-8
5.5-9
5.5-10
5.5-11
5.5-12
5.5-13

Date

1982
1982
1986
1986
1982
1988
1988
1988
1982
1988
1989
1993
1989
1982
1986
1986
1982
1982
1996
1995
1995
1995
1995
1995
1995
1996
1982
1982
1987
1993
1996
1996
1987
1993
1992
1992
1992
1987
1987
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Chapter 5 Containment S stem

VOLUME IV

Fig o

Fige
Fige

Fige

Fige
Fige

Pacae

5.5-14
5.5-15
5.5-16
5.5-17
5.5-1
5.5-2
5.5-3
5.6-1
5.6-2
5.6-3
5.6-4
5.6-1
5.7-1
5.7-2
5.7-3
5.7-4
5.7-5
5.7-6
5.7-7
5.7-8
5.7-1
5.7-2

Date

1987
1987
1993
1993
1985
1985
1982
1993
1993
1992
1986
1994
1982
1982
1982
1982
1982
1992
1982
ORIG
1982
1982
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Chapter 6

VOLUME IV

En ineered Safet Features

Table

Pacae

6. 1-1
6.1-2
6.1»3
6.1-4
6.1-5
6.1-6
6.1-7
6.1-8
6.1-9
6.1-10
6.1-11
6.1-1
6.2-1
6.2-2
6.2-3
6.2-4
6.2-5
6.2-6
6.2-7
6.2-8
6.2-9
6.2-10
6.2-11
6. 2-12
6.2-13
6.2-14
6.2-15
6.2-16
6.2-17
6.2-18
6.2-19
6.2-20
6.2-21
6.2-22
6.2-23
6.2-24
6.2-25
6.2-26
6.2-27
6.2-28
6.2-29
6.2-30
6.2-31
6.2-32
6.2-33
6.2-34
6.2-35
6.2-36
6.2-37

Date

1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1982
1982
1982
1982
1993
1993
1993
1993
1988
1996
1992
1995
1995
1995
1995
1995
1995
1992
1982
1982
1996
1990
1990
1995
1982
1982
1982
1982
1982
1993
1993
1982
1993
1982
1996
1982
1993



Chapter 6

VOLUME IV

En ineered Safet Features

Table
Table
Table
Table
Table
Table

Table
Table
Table

Fige
Fige
Fige
Fig.
Fige
Fig.

Table
Table
Table
Table

Fig.

Pacae

6. 2-38
6.2-39
6.2-1
6.2-2
6.2-3
6.2-4
6.2-5
6.2-6 (pg 1)

(pg 2)
(pg 3)

6.2-7 (2pp)
6.2-8
6.2-9
6.2-1
6.2-1A
6.2-2
6.2-3
6.2-4
6.2-5
6.3-1
6.3-2
6.3-3
6.3-4
6.3-5
6.3-6
6.3-7
6.3-8
6.3-9
6.3-10
6.3-11
6.3-12
6.3-13
6.3-1
6.3-2
6.3-3
6-3-4 (pg 1)

(pg 2)
6.3-1

Page 34

Date

1982
1982
1995
1996
1993
1989
1991
1993
1989
1989
1991
1989
1996
1993
1995
1982
1982
1991
1982
1982
1994
1994
1982
1994
1982
1982
1982
1986
1991
1982
1982
1982
1989
1991
1991
1992
1989
1982
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VOLUME V

Chapter 7 Instrumentation and Control Pacae

7.1-1
7 ~ 1 2
7 ~ 2 1
7\22
7 ~ 2 3
7.2-4
7.2-5
7.2-6
7 ~ 2 7
7.2-8
7.2-9
7.2-10
7.2-11
7 ~ 2 12
7.2-13
7.2-14
7.2-15
7.2-16
7 ~ 2 17
7.2-18
7 '-19
7.2-20
7 ~ 2 2 1
7 ~ 2 22
7 ~ 2 23
7.2-24
7.2-25
7.2-26
7 ~ 2 27a
7.2-27b
7.2-28
7.2-29
7.2-30
7 ~ 2 3 1
7 ~ 2 32
7 ~ 2 33
7.2-34
7 '-35
7.2-36
7.2-37
7.2-38
7.2-39
7.2-40
7.2-41
7.2-42
7.2-43
7.2-44
7.2-45
7.2-46

Date

1993
1982
1996
1990
1996
1982
1982
1996
1996
1982
1996
1996
1982
1982
1996
1996
1982
1982
1996
1996
1982
1982
1996
1996
1996
1982
1996
1996
1996
1996
1982
1992
1987
1996
1996
1987
1987
1987
1992
1994
1995
1987
1996
1996
1990
1987
1987
1987
1990
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VOLUME V

chapter 7 Instrumentation and Control

Table

Table

Table
Table
Table
Table
Table
Fig
Fige
Fige
Fig.
Fige
Fige
Fige
Fige

Pacae

7.2-47
7.2-48
7.2-49
7.2-50
7.2-51
7.2-52
7.2-53
7.2-1 (pg 1)

(pg 2)
(pg 3)
(pg 4)
(pg 5)

7.2-2 (pg 1)
(pg 2)
(pg 3)
(pg 4)
(pg 5)
(pg 6)

702-3
7.2-4
7 '-5 (2pp)
7.2-6
7.2-7 (2pp)
7 ~ 2 2
7 ~ 2 3
7.2-4
7.2-5
7.2-6
702-7
7.2-8
7.2-9
7 ~ 3 1
7 ~ 3 2
7 ~ 3 3
7.3-4
7 '-5
7.3-6
7 ~ 3 7
7.3-8
7.3-9
7.3-10
7.3-11
7.3-12
7 ~ 3 1 3
7.3-1
7.4-1
7.4-2

Date

1996
1987
1987
1987
1987
1987
1987
1989
1992
1989
1990
1990
1991
1992
1991
1991
1991
1991
1991
1991
1991
1996
1996
1982
1982
1982
1982
1982
1982
1982
1982
1987
1990
1982
1982
1982
1992
1983
1982
1982
1990
1982
1982
1982
1982
1982
1991
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VOLUME V

Chapter 7 Instrumentation and Control Pacae Date

Table
Table
Fig.
Fige
Fige

Fig.
Fige
Fige

7.5-1
7.5-2
7.5-3
7.5-4
7.5-5
7.5-6
7.5-7
7.5-8
7.5-9
7.5-10
7.5-11
7.5-12
7.5-13
7.5-14
7.5-15
7.5-16
7.5-17
7.5-18
7.5-19
7.5-20
7.5-1
7.5-2 (2pp)
7.5-1
7.5-2
7.5-3
7.6-1
7.6-2
7.6-3
7.6-4
7.6-5
7.6-1
7.6-2
7.6-3
7.7-1
7 ~ 7 2
7 ~ 7 3
7.7-4
7.7-5
7.7-6
7 ~ 7 7
7.7-8
7.7-9
7.7-10
7 ~ 7 1 1
7.8-1
7.8-2

1982
1982
1982
1982
1996
1996
1995
1987
1982
1996
1982
1982
1991
1982
1982
1982
1982
1991
1982
1989
1989
1989
1982
1982
1982
1991
1991
1991
1991
1991
1986
1982
1982
1982
1982
1982
1982
1995
1993
1991
1991
1995
1986
1996
1992
1996
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VOLUME V

Chapter 7 instrumentation and Control Pacae

Table 7.8-1 (pg- 1)
(pg 2)

Table 7.8-2 (2 pgs)
Table 7.8-3 (2 pgs)
Table 7.8-4 (pg 1)

(pg 2)
(pg 3)
(pg 4)
(pg 5)

Table 7.8-5 (pg 1)
(pg 2)
(pg 3)

Date

1992
1996
1992
1992
1994
1993
1992
1992
1992
1992
1996
1992
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VOLUME V

Chapter 8 Electrical S stems

Fig.
Fige
Fige
Fige
Fig.

Fige

Fig.
Fig.
Fige

Fige

Pacae

8.1-1
8.1-2
8.1-3
8.1-4
8.1-5
8.1-6
8.1-7
8.1-8
8.1-9
8.1-1
8.1-1A
8.1-1B
8.1-2A
8.1-2B
8. 2-'1
8.2-1
8.3-1
8.3-2
8.3-3
8.3-4
8.3-5
8.3-6
8.3-7
8.3-8
8.3-9
8.3-10
8.3-11
8.3-1
8.3-2
8.3-3
8.4-1
8.4-2
8.4-3
8 '-1
8.5-1
9.5-2
8.6-1
8.6-2

Date

1994
1982
1990
1990
1991
1991
1991
1987
1982
1996
1996
1996
1994
1994
1990
1990
1990
1991
1990
1990
1990
1994
1994
1990
1990
1990
1990
1990
1990
1994
1990
1990
1990
1992
1991
1982
1986
1995
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Chapter 9

VOLUME V

Auxiliar and Emer enc S stems

Table
Table
Table

Pacae

9.1-1
9.1-2
9.1-3
9.1-4
9.2-1
9.2-2
9.2-3
9.2-4
9.2-5
9.2-6
9.2-7
9.2-8
9.2-9
9.2-10
9.2-11
9.2-12
9.2-13
9.2-14
9. 2-3.5
9.2-16
9.2-17
9.2-18
9.2-19
9.2-20
9.2-21
9.2-22
9.2-23
9.2-24
9.2-25
9.2-26
9.2-27
9.2-28
9.2-29
9.2-30
9.2-31
9.2-32
9.2-33
9.2-34
9.2-35
9.2-36
9.2-37
9.2-38
9.2-1
9.2-2
9.2-3 (pg 1)

(pg 2)
(pg 3)
(pg 4)
(pg 5)
(pg 6)

Date

1982
1982
1990
1982
1982
1982
1991
1986
1982
1982
1988
1987
1982
1982
1995
1982
1996
1982
1982
1990
1992
1992
1994
1994
1982
1982
1996
1988
1996
1982
1982
1982
1993
1993
1982
1982
1993
1991
1996
1982
1995
1982
1990
1989
1989
1990
1983
1992
1989
1990
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Chapter 9

VOLUME V

Auxiliar and Emer enc S stems

Table

Table
Fig.
Fige
Fig.
Fige
Fig.
Fig.

Table
Table
Table
Table
Fig.

Table
Table
Table
Table
Table
Table

Fige

9.3-2
9.3-2
9.3-3
9.3-1
9.4-1
9.4-2
9.4-3
9.4-4
9.4-5
9.4-6
9.4-7
9.4-1
9.4-2
9.4-2
9.4-2
9.4-2
9.4-3
9.4-1

(lpp)
(2pp)
(3pp)

(pgl)
(pg2)
(pg3)
(pg4)

Pacae

9.2-3 (pg 7)
(pg 8)
(pg 9)
(pg»)
(pg 11)
(pg»)
(pg 13)
(pg 14)
(pg»)
(pg 16)
(pg»)

9.2-4 (2pp)
9.2-1
9.2-2
9.2-3
9.2-4
9.2-5
9.2-6
9.3-1
9.3-2
9.3-3
9.3-4
9.3-5
9 '-6
9.3-7
9.3-8
9.3-9
9.3-10
9.3-11
9.3-12
9.3-13
9.3-1

Date

1989
1989
1989
1990
1989
1989
1995
1990
1989
1989
1989
1989
1992
1982
1993
1982
ORIG
1982
1982
1982
1994
1994
1994
1994
1994
1994
1987
1986
1994
1990
1990
1990
1990
1991
1990
1996
1996
1996
1996
1996
1995
1982
1986
1990
1989
1995
1995
1989
1996
1990
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Chapter 9

VOLUME V

Auxiliar and Emer enc S stems

Table
Table
Table
Table
Fig.

Fig.
Fige

Pacae

9.5-1
9.5-2
9.5-3
9.5-4
9.5-5
9.5-6
9.5-7
9.5-8
9.5-9
9 '-1
9.5-2
9.5-3
9.5-4
9.5-1
9.6-1
9.6-2
9.6-3
9.6-4
9.6-5
9.6-6
9.6-7
9.6-8
9.6-9
9.6-1
9.6-2
9.7-1
9.7-2a
9.7-2b
9.7-3
9.7-4
9.7-5
9.7-6
9.7-7
9.7-8
9.7-9
9 '-10
9.7-11
9.7-12
9.7-13
9.7-14
9.7-15
9.7-16
9.7-17
9.7-18
9.7-19
9.7-20
9.7-21
9.7-22
9.7-23
9.7-24
9.7-25
9.7-26
9.7-27
9 '-28
9.7-29

Date

1985
1996
1992
1992
1996
1992
1982
1992
1982
1990
1996
1993
1993
1995
1991
1983
1989
1987
1987
1988
1983
1983
1982
1992
1987
1982
1996
1996
1982
1996
1996
1994
1995
1996
1992
1995
1996
1991
1996
1996
1996
1996
1994
1994
1994
1994
1994
1996
1996
1996
1995
1995
1995
1995
1995
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Chapter 9

t

VOLUME V

Auxiliar and Emer enc S stems

Table
Table
Table
Table
Table
Table
Table

Fige
Fig.
Fig.
Fig.
Figi

Table
Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fige
Fige

Pacae

9.7-30
9.7-31
9.7-32
9.7-1
9.7-2
9.7-3
9.7-4
9.7-5
9.7-6
9.7-7
9.7-1
9.7-2
9.7-3
9.7-4
9.7-5
9.8-1
9.8-2
9.8-3
9.8-4
9.8-5
9.8-6
9.8-7
9.8-8
9.8-9
9.8-10
9.8-11
9.8-12
9.8-13
9.8-14
9.8-15
9.8-16
9.8-17
9.8-18
9.8-19
9.8-20
9 '-21
9.8-22
9 '-23
9.8-24
9.8-25
9.8-26
9.8-27
9.8-28
9.8-29
9.8-30
9.8-1
9.8-2 (lpp)
9 '-2 (2pp)
9 '-2 (3pp)
9.8-3
9.8-4 (3pp)
9.8-5
9.8-6
9.8-1
9.8-2
9.8-3
9.8-4

Date

1995
1996
1995
1994
1994
1994
1994
1994
1994
1994
1991
1994
1996
1996
1994
1994
1995
1995
1993
1995
1993
1993
1994
1993
1993
1993
1993
1994
1993
1993
1995
1993
1993
1994
1993
1993
1993
1993
1993
1987
1987
1987
1987
1994
1987
1993
1989
1989
1991
1989
1989
1993
1989
1993
1982
1991
1993
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Chapter 9

VOLUME V

Auxiliar and Emer enc S stems

Fig o

Figi
Fige

Fige
Fig.

Fige

Pacae

9.8-5
9.8-6
9.8-7
9.9-1
9.9-2
9.9-3
9.9-4
9.9-5
9.9-6
9.9-7
9.9-8
9.9-9
9.9-1
9.9-2
9.10-1
9.10-2
9.10-3
9.10-4
9.10-1

Date

1993
1985
1982
1992
1995
1995
1995
1995
1991
1991
1995
1995
1992
1989
1992
1987
1986
1987
1986
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VOLUME VI

Steam and Power Conversion
Chapter 10 S stem

Fig o

Fig.
Fige
Fig.

Fige
Fig.

Table
Fig.
Fig.
Fige
Fige
Fig.
Fige
Fige
Fige
Fige

Table
Fige

Pacae

10.1-1
10.1-2
10.2-1
10.2-2
10.2-3
10.2-4
10.2-5
10.2-6
10.2-1
10.2-1A
10.2-1B
10.2-1C
10.3-1
10.3-2
10.3-3
10.3-4
10.3-5
10.3-6
10.3-1
10.3-1A
10.4-1
10.4-2
10.4-3
10.5-1
10.5-2
10.5-3
10.5-4
10.5-5
10.5-6
10.5-7
10.5-1
10.5-1
10.5-2
10.5-2A
10.5-3
10.5-3A
10.5-4
10.5-4A
10.5-5
10.5-5A
10.6-1
10.6-2
10.6-3
10.6-4
10.6-1
10.6-1

Date

1992
1982
1982
1983
1985
1991
1985
1988
1984
1991
1982
1992
1986
1982
1986
1994
1995
1984
1984
1984
1991
1985
1991
1986
1991
1982
1987
1990
1989
1996
1991
1995
1982
1982
1982
1982
1991
1991
1990
1982
1995
1982
1982
1996
1995
1982
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VOLUME VI

Chapter 10
Steam and Power Conversion

S stem Pacae

10.7-1
10.7-2
10.8-1
10.9-1
10.10-1
10.11-1
10.11-2
10.11-3

Date

1982
1982
1982
1995
1996
1983
1996
1983
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Chapter 11

VOLUME VI

Waste Disposal and
Radiation Protection S stem

Table
Table
Table

Table
Table
Table

Fige
Fig.
Fig.
Fig.
Fig.
Fige

Table
Table
Table
Table
Table
Table
Table
Table

Pacae

11.1-1
1 1 ~ 1 2
11.1-3
11.1-4
11.1-5
11.1-6
11.1-7
11.1-8
11.1-9
11.1-10
11.1-11
11.1-12
11.1-13
11.1-14
11.1-15
11.1-16
11.1-17
11.1-18
11.1-1
11.1-2
11.1-3 (pg 1)

(pg 2)
11.1-4
11.1-5
11.1-6
11.1-1
11.1-2
11.1-2A
11.1-2B
11.1-3
11.1-4
11.2-1
11.2-2
11.2-3
11.2-4
11.2-5
11.2-6
11.2-7
11.2-8
11.2-9
11.2-1
11.2-2
11.2-3
11.2-4
11.2-5
11.2-6
11.2-7
11.2-8

Date

1985
1992
1982
1983
1996
1994
1992
1983
1996
1982
1994
1993
1985
1994
1985
1982
1994
1996
1989
1990
1990
1993
1989
1989
1989
1992
1994
1982
1993
1995
1992
1995
1983
1995
1995
1982
1982
1995
1995
1996
1996
1995
1995
1989
1995
1995
1989
1989
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Chapter 11

VOLUME VI

Waste Disposal and
Radiation Protection S stem

Fig.

Table
Table
Table
Table
Table
Table

Table
Table

Fige

Pacae

11.2-1
11.3-1
11.3-2
1 1 ~ 3 3
11.3-4
11.3-5
11.3-6
11.3-7
11.3-8
11.3-9
11.3-10
11.3-11
11.3-12
11.3-13
11.3-14
11.3-15
11.3-16
11.3-17
11.3-18
11.3-1 (pgl)
11.3-1 (pg2)
11.3-1 (pg3)
11.3-1 (pg4)
11.3-1 (pg5)
11.3-2
11.4-1
11.4-2
11.4-3
11.4-4
11.4-5
11.4-6
11.4-7
11.4-8
11.4-9
11.4-10
11.4-11
11.4-12
11.5-1
11.5-2
11.5-3
11.5-1
11.5-2 (2pp)
11.5-1

Date

1982
1990
1986
1988
1990
1992
1992
1995
1990
1990
1993
1990
1995
1995
1990
1992
1992
1993
1994
1990
1995
1995
1991
1991
1990
1995
1995
1996
1995
1995
1995
1995
1995
1995
1995
1993
1995
1987
1990
1983
1989
1989
1983
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Chapter 11

VOLUME VI

Waste Disposal and
Radiation Protection S stem

Fig.
Fig.
Fig.
Fige

Pacae

11.6-1
11.6-2
11.6-3
11.6-4
11.6-1
11.6-2a
11.6-2b
11.6-2c

Date

1995
1996
1990
1996
1996
1986
1986
1990
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VOLUME VI

Chapter 12 Conduct of 0 erations Pacae

12.1-1
12.2-1
12.3-1
12.4-1
12.5-1
12.6-1
12.6-2
12.7-1

Date

1996
1994
1988
1983
1996
1996
1996
1992
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Chapter 13

VOLUME VI

Initial Tests and 0 eration

Table
Table
Table
Table
Table
Table
Table
Table
Table

Table
Table
Table
Table
Table
Table
Table

Table
Table
Table

Pacae

13.1-1
13 '-2
13.1-3
13.1-4
13.1-1
13.1-1
13.1-1
13.1-1
13.1-1
13.1-1
13.1-1
13.1-1
13.1-1
13.2-1
13.2-2
1 3 ~ 2 3
13.2-4
13.2-5
13; 2-6
13.2-1
13.2-1
13.2-1
13.2-1
13.2-1
13 ~ 2-1
13.2-1
13 '-1
13.3-2
13.3-3
13.3-4
13.3-5
13 '-1
13.3-1
1 3 ~ 3 1
13.4-1

(lpp)
(2pp)
(3pp)
(4pp)
(5pp)
(6pp)
(7pp)
(8pp)
(9pp)

(lpp)
(2pp)
(3pp)
(4pp)
(5pp)
(6pp)
('7pp)

(lpp)
(2pp)
(3pp)

Date

1991
1991
1991
1982
1989
1989
1991
1989
1991
1989
1991
1989
1989
1982
1991
1991
1991
1991
1991
1991
1991
1989
1991
1991
1991
1991
1982
1991
1982
1991
1982
1989
1991
1991
1983
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fige
Fige
Fige
Fige

Fige
Fige

Fig e

Fig.
Fig.
Fige
Fige
Fige
Fige
Fige
Fige

Pacae

14.0-1
14.0-2
14.0-3
14.1-1
14.1-2
14.1-3
14.1-4
14.1-5
14.1-6
14.1-7
14.1-8
.14.1-9
14.1-10
14.1-11
14.1-12
14.1-13
14.1-1
14.1-2
14.1-3 (2pp)
14 '-4
14.1-5
14.1-6
14.1-7
14.1-1
14.1-2
14.1-3
14.1-4
14.1-5
14.1-6
14.1.1-1
14.1.1-2
14.1.1-3
14.1.1-4
14.1.1-5
14 '.1-1
14.1.1-2
14.1.2-1
14.1.2-2
14.1.2-3
14.1.2-4
14.1.2-5
14.1 '-6
14.1.2-1
14.1.2-2
14. 1. 2-3
14.1.2-4
14.1.2-5
14.1.2-6
14.1.2-7
14.1.2-8
14.1.2-9

Date

1993
1993
1993
1993
1993
1993
1996
1993
1995
1993
1993
1993
1996
1996
1996
1996
1995
1995
1995
1995
1996
1996
1996
1990
1990
1990
1990
1990
1992
1993
1990
1994
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990



Page 53

VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Fige
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fige

Fige
Fige

Fige
Fige
Fig.
Fige
Fig.

Pacae

14.1.3-1
14.1.3-2
14.1.3-3
14.1.3-4
14.1.3-5
14.1.3-6
14.1.3-7
14.1.3-1
14.1.3-2
14.1.4-1
14.1.5-1
14.1.5-2
14.1.5-3
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1.6-6
14.1.6-7
14.1.6-8
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1.6-6
14.1.6-7
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
14.1.6-12
14.1.7-1
14.1.7-2
14.1.7-3
14.1.7-1
14.1.7-2
14.1.8-1
14.1.8-2
14.1.8-3
14.1.8-4
14.1.8-5
14.1.8-1
14.1.8-2
14.1.8-3
14.1.8-4
14.1.8-5

(3pp)
(3pp)
(3pp)
(3pp)
(3pp)

Date

1993
1996
1992
1992
1990
1990
1996
1990
1990
1990
1990
1992
1992
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1982
1982
1990
1990
1995
1995
1990
1995
1995
1995
1995
1995
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1 Pacae

Fige
Fig.
Fig.

Fige
Fig.

Tabl
Tabl
Tabl
Tabl
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fige

Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fig.
Fig.

Fig.
Fig.

14.1.8-6 (3pp)
14.1.8-7 (3PP)
14.1.8-8 (3pp)
14 '.9-1
14 '.9-2
14.1 ~ 9-3
14 '.9-1
14 '.9-2
14.1.10-1
14.1.10-2
14.1.10
14.1.10-4
14.1.10-5

e 14.1.10-1
e 14.1.10-2
e 14.1.10-3
e 14.1.10-4

14.1.10-1
14.1.10-2
14.1-10-3
14.1.10-4
14.1.10-5
14.1.10-6
14.1.10-7
14.1.10-8
14.1.11-1
14.1.11-2
14.1.11-3
14.1.11-4
14.1.11-1
14.1.11-2
14.1.11-3
14.1.11-4
14.1.11-5
14.1.11-6
14.1.11-7
14.1.11-8
14.1.12-1
14.1.12-2
14.1.12-3
14.1.12-4
14.1.12-1
14.1.12-2
14.1.13-1
14.1.13-2
14.1.13-3
14.1.13-4
14.1-13-5
14.1.13-6

Date

1995
1995
1995
1990
1990
1990
1990
1990
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1990
1993
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1991
1991
1989
1982
1995
1995
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Table
Fig.
Fige
Fig.
Fig.
Fige
Fig.

Table
Table
Table
Table

Table
Table

Pacae

14.1.13-7
14.1.13-8
14.1.13-9
14.1.13-10
14.1.13-11
14.1.13-12
14.1.13-13
14.1.13-14
14.1.13-15
14.1.13-16
14.1.13-1
14.1.13-1
14.1.13-2
14.1.13-3
14.1.13-4
14.1.13-5
14.1.13-6
14 2 1-1
14.2.1-2
14.2.1-3
14.2.1-4
14.2.1-5
14.2.1-6a
14.2.1-6b
14.2.1-7
14.2.1-8
14.2.1-9
14.2.1-10
14.2.1-11
14.2.1-12
14.2.1-13
14.2.1-14
14.2.1-1
14.2.1-2
14.2.1-3 Deleted
14.2.1-4
14.2.2-1
14.2.2-2
14.2.2-3
14.2.2-4
14.2.3-1
14.2.3-2
14.2.3-1
14.2.3-2
14.2.4-1
14.2.4-2
14.2.4-3
14.2.4-4
14.2.4-5
14.2.4-6
14.2.4-7
14.2 '-8
14.2.4-9

Date

1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1990
1982
1982
1982
1982
1982
1982
1990

,1996
1995
1995
1996
1996
1996
1996
1995
1995
1996
1995
1995
1995
1995
1995
1995
1995
1995
1993
1993
1993
1990
1990
1990
1990
1990
1990
1990
1990
1990
1992
1990
1990
1992
1992



Page 56

e
Chapter 14

VOLUME VII

Safet Anal sis Unit 1

Fig.

Table
Fig.
Fig.
Fig.
Fige
Fig.
Fig.

Table
Fig.
Fig.
Fig.
Fige

Table
Table
Table
Fig.
Fige
Fig.

Pacae

14.2.4-1
14.2.5-1
14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6 ~

14.2.5-7
14.2.5-8
14.2.5-9
14.2.5-1
14.2.5-1
14.2.5-2
14.2."5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.6-1
14.2.6-2
14.2.6-3
14.2.6-4
14.2.6-5
14.2.6-6
14.2.6-7
14.2.6-8
14.2.6-9
14.2.6-10
14.2.6-11
14.2.6-12
14.2.6-13
14.2.6-14
14.2.6-15
14.2.6-1
14.2.6-1
14.2.6-2
14.2.6-3
14.2.6-4
14.2.7-1
14.2.7-2
14.2.7-3
14.2.7-4
14.2.7-5
14.2.7-6
14.2.7-7
14.2.7-8
14.2.7-1
14.2.7-2
14.2.7-3
14.2.7-1
14.2.7-2
14.2.7-3

Date

1982
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1996
1996
1996
1995
1995
1995
1982
1982
1987
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig.

Table
Fige
Fige
Fig.
Fig.
Fige
Fig.
Fig.

Table
Table
Table
Table
Table
Table
Table
Table
Fig.
Fige
Fige

Pacae

14.2.7-4
14.2.7-5
14.2.7-6
14.2.7-7
14.2.7-8
14.2.7-9
14.2.7-10
14.2.7-11
14.2.7-12
14.2.8-1
14.2.8-2
14.2.8-3
14.2.8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.2.8-1
14.2.8-1
14.2.8-2
14.2.8-3
14.2.8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.3.1-1
14.3.1-2
14 '.1-3
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-9
14.3.1-10
14.3.1-11
14.3.1-11a
14.3.1-12
14.3.1-13
14.3.1-1 (pg 1)
14.3.1-1 (pg 2)
14.3.1-1 (pg 3)
14.3.1-2
14.3.1-3 (2pp)
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-1a
14.3.1-1b
14.3.1-1c

Date

1987
1982
1982
1982
1982
1990
1990
1990
1990
1990
1990
1990
1995
1995
1995
1990
1990
1990
1990
1990
1990
1990
1990
1990
1993
1993
1993
1993
1993
1993
1993
1993
1993
1990
1992
1996
1993
1996
1996
1992
1990
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME VII

Chapter 14 Safet =Anal sis Unit 1

Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fi.g.
Fig e

Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.

Pacae

14.3.1-1d
14.3.1-1e
14.3.1-1f
14.3.1-1g
14.3.1-2a
14.3.1-2b
14.3.1-2c
14.3.1-2d
14.3.1-2e
14.3.1-2f
14.3.1-2g
14.3.1-3a
14.3.1-3b
14.3.1-3c
14.3.1-3d
14.3.1-3e
14.3.1-3f
14.3.1-3g
14.3.1-4a
14.3.1-4b
14.3.1-4c
14.3.1-4d
14.3.1-4e
14. 3. 1-4f
14.3.1-4g
14.3.1-5a
14.3.1-5b
14.3.1-5c
14.3.1-5d
14.3.1-5e
14.3.1-5f
14.3.1-5g
14.3.1-6a
14.3.1-6b
14.3.1-6c
14.3.1-6d
14.3.1-6e
14.3.1-6f
14.3.1-6g
14.3.1-7a
14.3.1-7b
14.3.1-7c
14.3.1-7d
14.3.1-7e
14.3.1-7f
14.3.1-7g
14.3.1-8a
14.3.1-8b
14.3.1-8c

Date

1990
1990
1990
1990
1990
1990
1990'990

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fige
Fige
Fige
Fig»
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig i
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fige

i, Fige
Fig.
Fig.

Pacae

14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14 '.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.
14.3.

1-Sd
1-Se
1-Sf
1-Sg
1-9a
1-9b"
1-9c
1-9d
1-9e
1-9f
1-9g
1-10a
1-lob
1-10c
1-lod
1-10e
1-lof
1-10g
1-lla
1-lib
1-llc
1-lid
1-lie1-llf
1-llg
1-12a
1-12b
1-12c
1-12d
1-12e
1-12f
1-12g
1-13a
1-13b
1-13c
1-13d
1 13e
1-13f
1-13g
1-14
1-15
1-16
1-17
1-18
1-19
1-20
1-21
1-22
1-23

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME VII

Chapter 14 Safet Anal sis Unit 1

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Fig.
Fige
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fige
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig»
Fige
Fig.

Pacae

14.3.2-1
14.3.2-2
14.3.2-3
14 ' '-4
14.3.2-5
14.3.2-6
14.3.2-7 .
14.3.2-7a
14.3.2-7b
14.3.2-7c
14.3.2-7d
14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6
14.3.2-7
14.3.2-8
14.3.2-9
14.3.2-10
14.3.2-11
14.3.2-12
14.3.2-13
14.3.2-1
14.3.2-2
14.3.2-3
14.3.2-4
14.3.2-5
14.3.2-6
14.3 '-7
14.3.2-8
14.3.2-9
14.3.2-10
14.3.2-11
14.3.2-12
14.3.2-13
14.3.2-14
14.3.2-15
14.3.2-16
14.3.2-17
14.3.2-18
14.3.2-19
14.3.2-20
14.3.2-21
14.3.2-22
14.3.2-23
14.3.2-24
14.3.2-25
14.3.2-26
14.3.2-27
14.3.2-28

Date

1990
1990
1990
1990
1990
1996
1995
1995
1995
1996
1996
1990
1990
1996
1990
1990
1990
1996
1995
1995
1995
1995
1995
1995
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME VIII

Chapter 14 Safet Anal sis Unit 1

Fig e

Fig e

Fl.g e

Fl.g e

Fig e

Fl.g e

Fig.
Fig.
Fige
Fl.g e

Fl.g e

Fig e

Fl.g e

Fige
Fl.g e

Fig e

Fig»
Fig e

Fige
Fl.g e

Fige
Fige
Fige
Fige
Fig.
Fige
Fige
Fig.
Fig.
Fl.g e

Fige
Fige
Fige
Fl.g e

Fige
Fige
Fig.
Fige

Pacae

14.3.2-29
14.3.2-30
14.3.2-31
14.3.2-32
14.3.2-33
14.3.2-34
14.3.2-35
14.3.2-36
14.3.2-37
14.3.2-38
14.3.2-39
14.3.2-40
14.3.2-41
14.3.2-42
14.3.2-43
14.3.2-44
14.3.2-45
14.3.2-46
14.3.2-47
14.3.2-48
14.3.2-49
14.3.2-50
14.3.2-51
14.3.2-52
14.3.2-53
14.3.2-54
14.3.2-55
14.3.2-56
14.3.2-57
14.3.2-58
14.3.2-59
14.3.2-60
14.3.2-61
14.3.2-62
14.3.2-63
14.3.2-64
14.3.2-65
14.3.2-66
14.3.3-1
14.3.3-2
14.3.3-3
14.3.3-4
14.3.3-5
14.3.3-6
14.3.3-7
14.3.3-8
14.3.3-9
14.3.3-10
14.3.3-11

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
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VOLUME VIII

Chapter 14 Safet Anal sis Unit 1 Pacae

14.3.4-1
14.3.4-2
14.3.4-3
14.3.4-4
14.3.4-5
14.3.4-6
14.3.4-7 .
14.3.4-8
14.3.4-9
14.3.4-10
14.3.4-11
14.3.4-12
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-17
14.3.4-18
14.3.4-19
14.3.4-20
14.3.4-21
14.3.4-22
14.3.4-23
14.3.4-24
14.3.4-25
14.3.4-26
14.3.4-27
14.3.4-28
14.3.4-29
14.3.4-30
14.3.4-31
14.3.4-32
14.3.4-33
14.3.4-34
14.3.4-35
14.3.4-36
14.3.4-37
14.3.4-38
14.3.4-39
14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44
14.3.4-45
14.3.4-46
14.3.4-47
14.3.4-48
14.3.4-49
14.3.4-50
14.3.4-51
14.3.4-52

Date

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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VOLUME VIII

Chapter 14 Safet Anal sis Unit 1 Pacae Date

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

14.3.4-53
14.3.4-54
14.3.4-55
14.3.4-56
14.3.4-57
14.3.4-58
14.3.4-59
14.3.4-60
14.3.4-61
14.3.4-62
14.3.4-63
14.3.4-64
14.3.4-65
14.3.4-66
14.3.4-67
14.3.4-68
14.3.4-69
14.3.4-70
14.3.4-71
14.3.4-72
14.3.4-73
14.3.4-74
14.3.4-75
14.3.4-76
14.3.4-77
14.3.4-78
14.3.4-79
14.3.4-80
14.3.4-81
14.3.4-82
14.3.4-83
14.3.4-84
14.3.4-85
14.3.4-1
14.3.4-2
14.3.4-3
14.3.4-4
14.3.4-5
14.3.4-6
14.3.4-7
14.3.2-8
14.3.4-9
14.3.4-10
14.3.4-11
14.3.4-12
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-17
14.3-4-18
14.3.4-19
14.3.4-20
14.3.4-21
14.3.4-22
14.3.4-23
14.3.4-24

(2pp)
(2pp)

(2pp)
(2pp)

(2 pp)
(2 pp)

(2pp)

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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Chapter 14

VOLUME VIII
Safet Knal sis Unit 1

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fige
Fige
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig»
Fig.
Fig.
Fige
Fige
Fige
Fige
Fige
Fig.
Fige
Fige
Fige
Fige
Fige
Fig.
Fig.
Fige
Fig.
Fige
Fige
Fige
Fige
Fig.
Fige
Fig.
Fige
Fige
Fig.
Fige

Pacae

14.3.4-25
14.3.4-26
14.3.4-27
14.3.4-28
14.3.4-29
14.3.4-30
14.3.4-31
14.3.4-32
14.3.4-33
14.3.4-34
14.3.4-35
14.3.4-36
14.3.4-37
14.3.4-38
14.3.4-39
14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44
14.3.4-45
14.3.4-46
14.3.4-1
14.3.4-2
14.3.4-3
14.3.4-4
14.3.4-5
14.3.4-6
14.3.4-7
14.3.4-8
14.3.4-9
14.3.4-10
14.3.4-11
14.3.4-12
14.3.4-13
14.3.4-14
14.3.4-15
14.3.4-16
14.3.4-17
14.3.4-18
14.3.4-19
14.3.4-20
14.3.4-21
14.3.4-22
14.3.4-23
14.3.4-24
14.3.4-25
14.3.4-26
14.3.4-27
14.3.4-28
14.3.4-29
14.3.4-30
14.3.4-31
14.3.4-32
14.3.4-33
14.3.4-34
14.3.4-35
14.3.4-36
14.3.4-37
14.3.4-38
14.3.4-39

(3pp)

(»pp
(2pp)

(2pp)
(2pp)
(2pp)
(2pp)
(2pp)
(2pp)

(2pp)
(2pp)

(2pp)

Date

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
199.2
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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Chapter 14

VOLUME VIII
Safet Anal sis Unit 1

Fig.
Fig.
Fl.g e

Fig e

Fig.
Fige
Fl.g e

Fig.
Fig.
Fige
Fl.g e

Fig.
Fig.
Fige
Fig.
Fl.g e

Fl.g e

Fige
Fig.
Fige
Fig.
Fige
Fig.
Fige
Fige
Fige
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fl.g e

Fige
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fige
Fig.
Fl.g e

Pacae

14.3.4-40
14.3.4-41
14.3.4-42
14.3.4-43
14.3.4-44
14.3.4.45
14.3.4-46
14.3.4-47
14.3.4-48
14.3.4-49
14.3.4-50
14.3.4-51
14.3.4-52
14.3.4-53
14.3.4-54
14.3.4-55
14.3.4-56
14.3.4-57
14.3.4-58
14.3.4-59
14.3.4-60
14.3.4-61
14.3.4-62
14.3.4-63
14.3.4-64
14.3.4-65
14.3.4-66
14.3.4-67
14.3.4-68
14.3.4-69
14.3.4-70
14.3.4-71
14.3.4-72
14.3.4-73
14.3.4-74
14.3.4-75
14.3.4-76
14.3.4-77
14.3.4-78
14.3.4-79
14.3.4-80
14.3.4-81
14.3.4-82
14.3.4-83
14.3.4-84
14.3.4-85
14.3.4-86
14.3.4-87
14.3.4-88
14.3.4-89
14.3.4-90
14.3.4-91
14.3.4-92
14.3.4-93

Date

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Table
Table
Table
Table
Table
Table
Table
Table

Pacae

14.3.5-1
14.3.5-2
14.3.5-3
14.3.5-4
14.3.5-5
14.3.5-6 ~

14.3.5-7
14.3.5-8
14.3.5-9
14.3.5-10
14.3.5-11
14.3.5-12
14.3.5-13
14.3.5-14
14.3.5-15
14.3.5-16
14.3.5-17
14.3.5-18
14.3.5-19
14.3.5-20
14.3.5-21
14.3.5-22
14.3.5-23
14.3.5-24
14.3.5-25
14.3.5-26
14.3.5-27
14.3.5-28
14.3.5-29
14.3.5-30
14.3.5-31
14.3.5-32
14.3.5-1
14.3.5-2
14.3.5-3
14.3.5-4
14.3.5-5
14.3.5-6
14.3.5-7
14.3.5-8

Date

1995
1982
1986
1982
1982
1982
1982
1982
1983
1982
1983
1986
1982
1986
1982
1982
1982
1983
1982
1982
1982
1982
1982
1982
1996
1996
1995
1995
1995
1995
1995
1996
1990
1990
1990
1990
1990
1990
1990
1990
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Table

Fig o

Fig.
Fig.
Fige
Fige
Fige

Table
Table
Table
Table
Table
Table
Table
Table

Pacae

14.3.5-9 pg 1
pg 2
pg 3

14.3.5-1
14.3 '-2
14.3.5-3
14.3.5-4 „

14.3.5-5
14.3.5-6
14.3.6-1
14.3.6-2
14.3.6-3
14.3.6-4
14.3;6-5
14.3.6-6
14.3.6-7
14.3.6-8
14.3.6-9
14.3.6-10
14.3.6-11
14.3.6-12
14.3.6-13
14.3.6-14
14.3.6-15
14.3.6-16
14.3.6-17
14.3.6-18
14.3.6-19
14.3.6-20
14.3.6-21
14.3.6-22
14.3.6-23
14.3.6-24
14.3.6-25
14.3.6-26
14.3.6-27
14.3.6-28
14.3.6-29
14.3.6-1
14.3.6-2
14.3.6-3
14.3.6-4
14.3.6-5
14.3.6-6
14.3.6-7
14.3.6-8

Date

1995
1995
1995
1982
1982
1982
1982
1987
1987
1989
1982
1991
1989
1982
1982
1982
1982
1982
1982
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1991
1990
1991
1990
1990
1990
1990
1990
1990
1990
1990



Page 68

VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Table
Table
Table
Table
Table
Table
Table
Table
Table
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Pacae

14.3.6-9
14.3.6-10
14.3.6-11
14.3.6-12
14.3.6-13
14.3.6-14
14.3 '-15
14.3.6-16
14.3.6-17
14.3.6-1
14.3.6-2
14.3.6-6
14.3.6-7
14.3.6-8
14.3.6-9
14.3.6-10
14.3.6-11
14.3.6-12
14.3.6-13
14.3.6-14
14.3.6-14A
14.3.6-15
14.3.6-16
14.3.6-17
14.3.6-18
14.3.6-19
14.3.6-20
14.3.6-21
14.3.6-22
14.3.7-1
14.3.8-1
14.4.1-1
14.4.2-1
14.4.2-2
14.4.2-3
14.4.2-4
14.4.2-5
14.4.2-6
14 '.2-7
14.4.2-8
14.4.2-9
14.4.2-10
14.4.2-11
14.4.2-12
14.4.2-13
14.4.2-14

(2pp)

Date

1990
1990
1990
1990
1990
1990
1990
1990
1990
1982
1982
1990
1990
1990
1990
1990
1990
1990
1990
1990'990
1990
1990
1990
1990
1990
1990
1990
1990
1993
1993
1992
1992
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1987
1982
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VOLUME IX

Chapter 14 Safet Anal si.s Unit 1

Table
Table
Table
Table
Table
Table
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fige
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fige

Table
Table

Pacae

14.4.2-15
14.4.2-16
14.4.2-17
14.4.2-18
14.4.2-19
14.4.2-20
14.4.2-21
14.4.2-22
14.4.2-23
14.4.2-24
14.4.2-25
14.4.2-26
14.4.2-27
14.4.2-28
14.4.2-1 (pg 1-7)
14.4.2-1 (pg 8)
14.4.2-2
14.4.2-3
14.4.2-4
14.4.2-5 (4pp)
14.4.2-1
14.4.2-2
14.4.2-3
14.4.2-4
14.4.2-5
14.4.2-6
14.4.2-7
14.4.2-8
14.4.2-9
14.4.2-10
14.4.2-11
14.4.2-12
14.4.2-13
14.4.2-14
14.4.2-15
14.4.2-16
14.4.2-17
14.4.2-18
14.4.2-19
14.4.2-20
14.4.2-20A
14.4.2-21
14.4.3-1
14.4.3-2
14.4.3-3
14.4.3-4
14.4.3-5
14.4.4-1
14.4.4-1
14.4.4-2

Date

1982
1982
1982
1982
1982
1982
1982
1995
1982
1995
1982
1982
1982
1990
1990
1996
1994
1990
1990
1990
1982
1982
1982
1982
1982
1982
1982
1995
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1982
1995
1982
1990
1990
1993
1990
1990
1995
1990
1990
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Table
Table
Table
Table

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Fige
Fige
Fig.
Fige
Fige
Fig.
Fige
Fig.
Fig.
Fige
Fig.

Pacae

14.4.4-3
14.4.4-4
14.4.4-5
14.4.4-6
14.4.5-1
14.4.5-2
14.4.6-1-
14.4.6-2
14.4.6-3
14.4.6-4
14.4.6-5
14.4.6-6
14.4.6-7
14.4;6-1
14.4.6-2
14.4.6-3
14.4.6-3a
14.4.6-4
14.4.6-4a
14.4.6-5
14.4.6-5a
14.4.6-6
14.4.6-6a
14.4.6-6b
14.4.6-6c
14.4.6-7
14.4.6-8
14.4.6-9
14.4.6-10
14.4.6-11
14.4.6-12
14.4.6-13
14.4.6-14
14 '.6-15

(2pp)
(3pp)

(2pp)
(2pp)
(2pp)

14.4.6-15a

14.4.6-17
14.4.6-18
14.4.6-19
14.4.6-20
14.4.6-1
14.4.6-2
14.4.6-3
14.4.6-4
14.4.6-5
14.4.6-6
14.4.6-7
14.4.6-8
14.4.6-9
14.4.6-9a
14.4.6-9b

(5pp)

14.4.6-16,
14.4.6-16a

Date

1990
1990
1990
1990
1990
1990
1994
1994
1996
1990
1993
1990
1996
1990
1990
1993
1993
1993
1993
1993
1993
1990
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1982
1982
1982
1982
1993
1996
1987
1987
1993
1993
1993
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1

Fi.g.
Fig.
Fig.
Fig.

Fig.
Fig.

Table

Table
Table
Table
Table
Table
Table
Table
Table
Table

Pacae

14.4.6-10
14.4.6-10a
14.4.6-11
14.4.6-11a
14.4.7-1
14.4.7-2
14.4.8-1 ~

14.4.9-1
14.4.9-2
14.4.9-3
14.4.9-1
14 '.9-2
14.4.10-1
14.4.10-2
14.4.10-3
14.4.10-4
14.4.10-1
14.4.11-1
14.4.11-2
14.4.11-3
14.4.11-4
14.4.11-5
14.4.11-6
14.4.11-7
14.4.11-1 DELETED
14.4.11-2
14.4.11-3
14.4.11-4
14.4.11-5
14.4.11-6
14.4.11-7
14.4.11-8
14.4.11-9
14A-1
14A-2
14A-3
14A-4
14A-5
14A-6
14A-7
14A-8
14A-9
14A-10

Date

1993
1993
1993
1992
1990
1990
1990
1990
1996
1990
1982
1982
1990
1990
1990
199.0
1990
1996
1990
1994
1990
1990
1990
1996

1996
1994
1990
1990
1990
1990
1990
1990
1992
1992
1982
1982

'1982
1982
1982
1982
1982
1982
1982
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VOLUME IX

Chapter 14 Safet Anal sis Unit 1 Pacae

Table
Table
Table
Fige
Fig.

Fig. 14.G-2

14A-11
14A-12
14A-13
14A-14
14A-15
14A-16
14A-17
14A-18
14A-19
14A-20
14A-21
14A-22
14A-23
14A-24
14A-25
14A-26
14.G-1
14.G-2
14.G-3
14.G-4
14.G-5
14.G-6
14.G-7
14.G-S
14.G-9
14.G-10
14.G-11
14.G-12
14 '-1
14. G-2
14.G-3

14.G-l
14.G-1 Notes

(pg 2)
(pg 3)

(pg 1)

Date

1982
1992
1992
1992
1992
1993
1993
1992
1992
1992
1992
1992
1992
1992
1992
1992
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1988
1987
1987
1987
1987
1987
1988
1988
1987
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VOLUME X

Chapter 14 Safet Anal sis Unit 2

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Fig.
Fige
Fig.
Fige
Fige
Fig.
Fige

Table
Fig.

Pacae

14.0-1
14.0-2
14.0-3
14.0-4
14.0-5
14.1-1
14.1-2
14.1-3
14.1-4
14.1-5
14.1-6
14.1-7
14.1-8
14.1-9
14.1-10
14.1-11
14.1-12
14.1-13
14.1-14
14.1.0-1
14.1.0-1
14.1.0-1
14.1.0-1
14.1.0-2
14.1.0-3
14.1.0-4
14.1.0-5
14.1.0-6
14.1.0-7
14.1.0-8
14.1.0-9
14.1.0-1
14.1.0-2
14.1.0-3
14.1.0-4
14.1.0-5
14.1.0-6
14.1.0-7
14.1.1-1
14.1.1-2
14.1.1-3
14.1.1-4
14.1.1-5
14.1.1-6
14.1.1-7
14.1.1-1
14.1 ~ 1-1

(2 pg
(3 pg

s)
s)

(pgl)
(pg2)
(pg3)
(pg4)
(3 pgs)

Date

1995
1995
1995
1995
1995
1993
1995
1995
1993
1993
1995
1993
1995
1995
1995
1996
1996
1996
1996
1993
1993
1995
1995
1995
1993
1993
1993
1993
1996
1996
1996
1993
1993
1993
1993
1993
1993
1993
1993
1991
1991
1991
1991
1991
1991
1991
1992
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Chapter 14

VOLUME X

Safet Anal sis Unit 2

Fige

Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Pacae

14.1.1-2
14.1.2A-1
14.1.2A-2
14.1.2B-1
14.1.2B-2
14.1 ~ 2B-3
14 ' 'B-4
14.1.2B-5
14.1.2B-6
14.1.2B-7
14.1.2B-1
14.1.2B-2
14.1.2B-3
14.1.2B-4
14.1.2B-S
14.1.2B-6
14.1.2B-7
14.1.2B-S
14.1.2B-9
14.1.3-1
14 ' '-2
14.1.3-3
14.1.3-4
14.1.3-5
14.1.3-6
14.1.3-7
14.1.3-1
14.1 ~ 3-2
14.1.4-1
14.1.5-1
14.1.5-2
14.1.5-3
14.1.5-4
14.1.5-5

Date

1992
1995
1995
1991
1993
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1993
1996
1995
1995
1995
1995
1996
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME X

Chapter 14 Safet Anal sis Unit 2

Table
Table

Fige
Fige
Fige
Fige
Figi
Fige
Fige
Fig.
Fig.
Fige
Fige
Fige

Table
Fige

PM86

14.1.5-6
14.1 ~ 5-7
14.1.6-1
14.1.6-2
14.1.6-3,
14.1.6-4
14.1.6-5
14.1.6-6
14.1.6-7
14.1.6-8
14.1.6-9
14.1 '-10
14.1.6-11
14.1.6-1
14.1.6-2
14.1.6-1
14.1.6-2
14.1.6-3
14.1.6-4
14.1.6-5
14.1 ~ 6-6
14.1.6-7
14.1.6-8
14.1.6-9
14.1.6-10
14.1.6-11
14.1.6-12
14. 1. 7-1
14.1.7-2
14.1.7-3
14.1.7-4
14.1.7-5
14.1.7-1
14.1.8A-1
14. 1. 8A-2

Date

1991
1991
1991
1991
1991
1996
1996
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1992
1995
1995
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VOLUME X

Chapter 14 Safet Anal sis Unit 2 Pacae Date

Table
Fig.
Fige
Fige
Fig.
Fige
Fige
Fig.
Fige
Fige
Fige
Fige
Fige

Table
Fige
Fige
Fig.

14.1.
14.1.
14.1.
14.1.
14.1.
14. 1.
14.1.
14.1.
14.1.
14.1.
14.1.
14 '.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.
14.1.

SB-1
SB-2
SB-3
SB-4
SB-5
SB-6
SB-1
SB-1
SB-2
SB-3
SB-4
SB-5
SB-6
SB-7
SB-8
SB-9
SB-10
SB-11
SB-12
9-1
9-2
9-3
9-4
9-5
9-6
9-1
9-1,
9-2
9-3
10A-1
10A-2

(2pgs)
(2pgs)

1991
1991
1995
1995
1993
1991
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1991
1991
1995
1996
1991
1991
1991
1992
1992
1992
1995
1995
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Chapter 14

VOLUME X

Safet Anal sis Unit 2 Pacae Date

Table
Table
Table
Table
Fig.
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.

Table
Fige
Fig.

14.1.10B-1
14.1.10B-2
14. 1. 10B-3
14.1.10B-4
14.1.10B-5
14.1.10B-6
14.1.10B-7
14.1.10B-B
14.1.10B-9
14.1.10B-1
14.1.10B-2
14.1.10B-3
14.1.10B-4
14.1.10B-1
14.1.10B-2
14.1.10B-3
14.1.10B-4
14.1.10B-5
14.1.10B-6
14.1.10B-7
14.1.10B-S
14.1.11A-l
14.1.11A-2
14.1.11B-1
14.1.11B-2
14.1.11B-3
14. 1. 11B-4
14.1.11B-5
14. 1 11B-1
14.1.11B-l
14.1.11B-2

1991
1991
1993
1993
1991
1993
1993
1991
1991
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1995
1995
1991
1993
1991
1991
1991
1991
1991
1991
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Chapter 14

VOLUME X

Safet Anal sis Unit 2

Fige
Fige
Fig.
Fige
Fig.
Fige

Table
Fige
Fige

Table
Table
Table

Table

Table
Table
Fig.

Pacae

14.1.11B-3
14.1.11B-4
14.1.11B-5
14.1.11B-6
14.1.11B-7
14.1.11B-8
14.1.12-1
14.1.12-2
14.1.12-3
14.1.12-4
14.1.12-5
14.1.12-1
14.1.12-1
14.1.12-2
14.1.13-1
14.2-1
14.2.1-1
14.2.2-1
14.2.2-2
14.2.2-3
14.2.2-4
14.2.2-5
14.2.2-6
14.2.2-1
14.2.2-2
14.2.2-3
14.2.3-1
14.2.4-1
14.2.4-2
14.2.4-3
14.2.4-4
14.2.4-5
14.2.4-6
14.2.4-7
14.2.4-8
14.2.4-9
14.2.4-1
14.2.5-1
14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.5-7
14.2.5-8
14.2.5-9
14.2.5-10
14.2.5-11
14.2.5-1
14.2.5-2 (2pp)
14.2.5-1

Date

1991
1991
1991
1991
1991
1991
1991
1991
1995
1995
1991
1991
1992
1992
1991
1995
1993
1993
1993
1993
1991
1996
1991
1991
1993
1993
1991
1991
1991
1991
1994
1994
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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Chapter 14

VOLUME X

Safet Anal sis Unit 2
Fight

Fige
Fige
Fige
Fige

Table
Fig.
Fig.

Table
Fige
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fige

Pacae

14.2.5-2
14.2.5-3
14.2.5-4
14.2.5-5
14.2.5-6
14.2.6-1 .
14.2.6-2
14.2.6-3
14.2.6-4
14.2.6-5
14.2 '-6
14.2.6-7
14.2.6-8
14.2.6-9
14.2.6-10
14.2.6-11
14.2.6-12
14.2.6-13
14.2.6-14
14.2.6-15
14.2.6-16
14.2.6-17
14.2.6-1
14.2.6-1
14.2.6-2
14.2.7-1
14.2.8-1
14.2.8-2
14.2.8-3
14.2.8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.2.8-1 (3pp)
14.2.8-1
14.2.8-2
14.2.8-3
14.2.8-4
14.2.8-5
14.2.8-6
14.2.8-7
14.2.8-8

Date

1991
1991
1992
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1993
1991
1991
1991
1995
1995
1995
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME X

Chapter 14 Safet Anal sis Unit 2

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Fig.
Fige
Fige
Fig.
Fige
Fig e

Fig.
Fige
Fige
Fige
Fige
Fige
Fige
Fige
Fig.
Fige
Fige
Fige
Fige
Fige
Fige

Pacae

14.3.1-1
14.3.1-2
14.3.1-3
14.3.1-4
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-9
14.3.1-10
14.3.1-11
14.3.1-12
14.3.1-13
14.3.1-14
14.3.1-15
14.3.1-16
14.3.1-17
14.3.1-1 (2pp)
14.3.1-2
14.3.1-3
14 ~ 3 ~ 1-4 (2pp)
14.3.1-5
14.3.1-6
14.3.1-7
14.3.1-8
14.3.1-9
14.3.1-10
14.3.1-30
14.3.1-31
14 '.1-1
14.3.1-2
14.3.1-3a
14.3.1-4a
14.3.1-5a
14.3.1-6a
14.3.1-7a
14.3.1-8a
14.3.1-9a
14.3.1-10a
14.3.1-11a
14.3.1-12a
14.3.1-13a
14.3.1-14a
14.3.1-15a
14.3.1-3b
14.3.1-4b
14.3.1-5b
14.3.1-6b
14.3.1-7b
14.3.1-8b

Date

1995
1991
1991
1991
1991
1991
1991
1991
1993
1993
1995
1995
1995
1996
1991
1991
1996
1991
1991
1991
1991
1992
1996
1992
1992
1992
1992
1995
1995
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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VOLUME XI

Chapter 14 Safet Anal sis Unit 2

Fig.
Fige
Fig.
Fige
Fige
Fig.
Fige
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Pig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Pig.
Fig.
Fig.
Fig.
Fig.
Pig»
Fige
Fige
Fige
Fige
Pig.
Fig.
Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fig.
Fig i

Pacae

14.3.1-9b
14.3.1-10b
14.3.1-lib
14.3.1-12b
14.3.1-13b
14.3.1-14b
14.3.1-15b
14 '.1-3c
14.3.1-4c
14.3.1-5c
14.3.1-6c
14.3.1-7c
14.3.1-8c
14.3.1-9c
14.3.1-10c
14.3.1-11c
14.3.1-12c
14.3.1-13c
14.3.1-14c
14.3.1-15c
14.3.1-3d
14.3.1-4d
14.3.1-5d
14.3.1-6d
14.3.1-7d
14.3.1-8d
14.3.1-9d
14.3.1-10d
14.3.1-11d
14.3.1-12d
14.3.1-13d
14.3.1-14d
14.F 1-15d
14.3.1-3e
14.3.1-4e
14.3.1-5e
14.3.1-6e
14.3.1-7e
14.3.1-8e
14.3.1-9e
14.3.1-10e
14.3.1-11e
14.3.1-12e
14.3.1-13e
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14.3.1-3f
14.3.1-4f
14.3.1-5f
14.3.1-6f
14.3.1-7f
14.3.1-8f
14.3.1-9f
14.3.1-10f
14.3.1-11f

Date

1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
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1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991



Page 82

VOLUME XI

Chapter 14 Safet Anal sis Unit 2 Pacae Date

Fig.
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Fig.
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Fig.
Fige
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Fige
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Fig.
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Fig.
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Fige
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Fige
Fige
Fig.
Fige
Fig.
Fig.
Fig.
Fige
Fig.
Fig.
Fige

Table
Table
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Table
Table
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Table
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14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
14.3
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14.3
14.3
14.3
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14.3
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14.3
14.3
14.3
14.3
14.3
14.3
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14.3
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14.3
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14. 3
14.3
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.1-13f

.1-14f
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~ 1-3g
.1-4g
.1-5g
.1-6g
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.1-llg
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.1-14g
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.1-16
.1-17
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.1-19
.1-20
.1-21
~ 1 22
.1-23
.1-24
.1-25
.1-26
~ 1 27
.1-28
.1-29
.1-30
.2-1
~ 2 2
~ 2 3
. 2-4
.2-5
.2-6
~ 2 7a
.2-7b
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.2-8
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~ 2 2
~ 2 3
.2-4
.2-5
.2-6
~ 2 7
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.2-10
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1991
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1991
1996
1996
1996
1996
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1991
1992
1996
1991
1991
1992
1996
1991
1995
1995
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14.3.2-15
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1991
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