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Case 11: 4-Inch Break LOCA, One HHSI, No LHSI, and No ACC
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Case 12: 4-Inch Break LOCA, No HHSI, One LHSI, and No ACC
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Case 13: 4-Inch Break LOCA, No HHSI, One LHSI, and One ACC

A.6.13

T T T T T T T
1 ] i 1 1 i 1
Ae i | | | 1 | Il
N = 1 ! h | 1 1 1 )
Go [ 1 i i i [ ' f
w0 t ! 1 1 ' 1 | i
t ! 1 1 1 i t f
—— i i i i i 1 1 i
i i 1 1 1 1 t i
1 1 1 i i i i i 1
b e s b i e G e e S T e T v e et e il S [
0 l l i I i i l )
i i 1 i i 1 i i 1
i 1 i l‘ i i | l 1
1 i i | ! 1 | i 1
0 1 i | ' | i i i
! 1 l | i 1 1 i !
i 1 1 1 1 ' l i 1
1 1 i i 1 i | 1 |
I i 1 1 1 i 1 1 i
1 1 1 ! ' 1 i 1 !
frTmim T e i g Bt [ e e
1 1 i i ) 1 ¥
i i i | i i i
1 1 i i 1 !
1 | i | { i
| 1 1 1 i |
' 1 | 0 i 1
1 i 1 1 i i
1 i 1 I i i
i ' 1 i i 1
B e e N RN S SO
] 1 i i ] 1
1 i 1 i i 1
1 1 1 i 1 i
i | i i i 1
| ' ' 1 I
| 1 1 | 1 '
i 1 | 1 1 |
i 1 ' ' 1 !

1 1 i 1 i i
o SRR SETREC G . > 49 o o
i l i i 1
1 1 1 i i
1 ! i | 1
1 | ' i 1
1 1 ' i 1
i 1 | i 1
1 ! 1 1 |
i 1 i { 1
! t I i i
| | ! i |
oo e e s ot e e S g e g e e 12 TR T S e e e e
1 i i 1 1 i ' i i
1 i i i 1 | ' | |
i i i 1 i 1 i i
1 ( | 1 i i 1 i |
1 1 | 1 1 i 1 1 '

' | 1 1 | t 1 '

1 [ 1 i 1 1 ' i
1 i 1 1 1 I 1 i I
1 (| 1 1 1 1 1 !

i 1 1 i b 13 i i
T T 1 1 1 T T 1 T
N © © ¥ N - ® © ¥ N O
- -— - - o o o o

[1eq] ainssaid Juawurejuon

1500 2000 2500 3000
time [sec]

1000

500

T ] T 7 1 i T T
| | | i i i i i
! | | i 1 | | |
1 ! i i ! i i |
1 i i 1 1 i | i
1 i i ! 1 | ! |
! ' i ! | 1 1 i
i 1 i ! ! i ! |
1 ! ! i 1 ! ! i
i ! i ! ! | i i
L D B s s A S G S
M T | i i 1 1 i |
- | i i ! | i i
a o | | | | | | |
! i i i i ( |
— _ | i i i i 1 |
] | | ! 1 i i
1 i i i ! i i i
i i | | 1 | | |
i i i 1 1 i ! i
! i I | | | ! !
i S gy o i T e R e B e e )+
! i | i | t 1 i
| i | i l i ! i
| i i | l i i i
1 1 I | i ! | |
i ! i | 1 | i |
i i | | 1 | i !
1 | | i 1 | l |
! i i i 1 | i 1
1 1 i ! 1 i i i
S S (NSRS MU (SN (N S [
i ) | [ | [ ! i
i i i i 1 i | |
1 | i 1 i i i i
1 | I 1 1 { ! i
i i | i i | ! i
i | | i i | | |
1 | | | | | | |
1 | | i ! i i i
i i 1 | 1 i i !
1 { ! 1 | | i i
B s + B
! l i ! 1 1 i
i 1 i 1 i i !
1 1 i ! i I
i | i l i i i
i i | 1 | i i
i | i ! i i i
i | i i ! | |
1 | I 1 1 i |
! I 1 1 ! | |
1 i l [ ! | |
[ TEAT T DR Rt ot erE R ey E B e
1 1 1 1 1 ! i
1 i ! ! i | [
1 | i i ) i |
1 | i i i i i
1 ] | 1 | i i
1 | i i i 1 !
1 1 ! ! i i I
1 | 1 i 1 i i
! | i i | ! 1
i b l i
1 T L ¥ 1 1
s 0} (o] < N (] oo] ©o < a}] o
- -~ b -~ b

[edN] @inssaid 10joeay

1500 2000 2500 3000
time [sec]

1000

500

A-180



3000

3000

_ —ACC
ros-------asss-so--le— | HSI (inj) |
‘ - LHSI (rec)
— HHSI (inj)
—BRK

2500
2500

2000
2000

1500
time [sec]

1500
time [sec]

A-181

1000

G R L S e

500

500
450 H--------
400 -

— 350 -\~
450000
350000 -~~~
300000 1 ---------

N
s/6y) moj4 |ejoL (1e6) sa3epn




2

3
T T T T T o " —" | i "
1 1 1 | 1 (90 w i b i i ,
i i i i 1 L
b4 _ _ go %k A | B I
! ! ! . ! o0 mpe | | | i
i i i 1 !
i 1 ! ] | " —" " — !
i i i i | — — X | . "
i ] i 1 |
@ ) - E i 1 1 [
I ! i i i o — A—
Bt e R e et o e B e e
xxxxxxxx e I N
" . . " “ w 1 i | I i 1 i
; . ; ; . N i ' t | i i '
X . : ; : i 1 i i i i i
4 4 : : . i ! i i i i i
| " : i X | | i i i | i
. 4 : ; ; I i i | ! ] ] i
. 4 i . , 1 ! 1 1 —_ i — i
. . : ; . i i i i i | i
i 1 ! ! ! i i i
1 ¥ 1 i i
{ 4 ! ) ! w AR —— AL | — Vi o whs = !
e et sl wht et sttt o el s e i i i ¥ (N [ S
. 4 . ~ I i i i ! i i i
. \ ; i i i ! ! i ! i
. : ; i ! i ! ! i i — i
! i i i | | i !
1 1 i
; : . i i ! ! i i !
. . ; e i i 1 ! i ! l i
p . i Q 1 1 1 i 1 i 1 1
, i ! (] 1 l 1l | i l 1 i
i , . oS 0 1 1 i ) ! 1 1 1
Lssn e gusigarigistgisipga i it o b O S P GRS —— Lo ol i o f ot e i g
. f i wn @ l 1 1 ! | 1 t '
i \ i - i 1 I | I t ! [
| . i m i i ] 1 | —_ i — 1
— i i ' i i i ! i
] 1 i -
: . ; 1 i ] ! i i ! i
. + . i i 1 1 i i i 1
. \ ; i i 1 1 i 1 | 1
. . ; i i 1 1 | ! i i
. . ; o i i i | i ' | 1
! i i 1 i ! ! i
Loweibiw e lbow sale o e eipalon o sl o e M S o
| : : S e e s e S B e B B T 1~ =~
i ) . -— i i 1 | i | i
. i ; ! i i i | i i
. | . | i ' i ! 1 i
. ) ; i i i ! ! 1 i
. . ‘ i i | ' i | | 1
X ) . ! i ! i i —_ i
1 | | 1 i ! 1 ! | 1
. . ; i i t | 1 i
i 1 ) 0 1 i i i 1 1 i
L o e o . [ [ BT S
A _ . el i i i i i i l 1
i 1 1 1 i i ! i
! 1
m.m. ; i i i i 1 i — i
i i i 1 i ! i
Quuﬂaw . : i i ] i | i i i
: _ i ! i i | | i
. i 1 i i | i i i
| o 1 ! ! i 1 1
; . ; i ! ! ! i ! 1
1 ! i 1 | | 1
4 "3 i
T T T o . f I —_ _
© © : T T ﬂl T T T t t
4 . o @ [ (o] < N o 0 © < ™~ o
<~ <~ ~ 2 R aad - < ~ <~

[w] j9Aa7] 183 JUBWIUIRJUOD (w) jone s03ep) 10)0RDY

2000 2500 3000

1500
time [sec]

A-182

1000

500




T I T T
1 1 1
1 ' i i
1 L t |
1 " 1 i
i i 1 l
i 1 1
I ' i i
1 L 1 I
i N l i
|||||||||||||| e
1 |
. i i
] 1 |
M i 1
i i
' I I
¥ i i
] ! i
" i i
zzzzz Vo s ittt e g et b i i a0 s o
v 1 |
L { i
' ! i
¥ ] i
! f
. i 1
L 1 I
N 1 i
. 1 !
1 i
|||||||||||||||||||||| e e
L] ¥ i
' i i
i i |
i I
' { 1
] i 1
) { 1
i [ i
i i
xxxxxxxxxxxxxxxxxxxxxx e e )
' i
'
i
'
i
|
|
|
ey oo eslidE oLl an WL N L -
1 1 !
228 _ | _
Ouwq 1 1 1
il s o ‘ . !
L) i i 1
1] i i '
N i i 1
T | i i
I 1 I 1
1 | |
T T T T
o o o o o
o o o o o
(82} o] (o0} [ve] o«
N b -

2800

[M] @anjesadwa] a109 wnwixepy

1500 2000 2500 3000
time [sec]

1000

500

A-183



A.6.14 Case 14: 4-Inch Break LOCA, No HHSI, One LHSI, and Two ACC
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Case 15: 2-Inch Break LOCA, No HHSI, One LHSI, and Two ACC
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Case 16: 6-Inch Break LOCA, One HHSI, One LHSI, and No ACC, without

Auxiliary Feedwater
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Case 17: 6-Inch Break LOCA, One HHSI, No LHSI, and One ACC, without

Auxiliary Feedwater
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Case 18: 8-Inch Break LOCA, One HHSI, No LHSI, and One ACC
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Case 19: 10-Inch Break LOCA, One HHSI, No LHSI, and One ACC
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Case 20: 2-inch Break LOCA, One HHSI, No LHSI, and One ACC
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Case 21: 2-Inch Break LOCA, One HHSI, One LHSI, and No ACC
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- Case 22: 4-Inch Break LOCA, One HHSI, No LHSI, and One ACC
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Case 23: 8-Inch Break LOCA, No HHSI, One LHSI, and One ACC

A.6.23
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A.6.24 Case 24: 10-Inch Break LOCA, No HHSI, One LHSI, and One ACC

T r T r T
| i 1 I 1
< [0} | | 1 i
T E ' i 1 l 1
O of ¢ ! ! i
w0 1 t i i 1
1 | i 1 l
— — 1 1 i 1 1
! ' i i i
i i i t i
IIIIIII L o S s el e i i T s T B il
1 ' i | 1
i I 1 | '
] 1 1 1 i
' | t | |
! 1 | i !
t ' 1 i '
' i ! i 1
1 i i | 1
i ! ! _ !

1 I 1 t
sssssss R R St el et
i 1 1 |
1 I 1 1
1 i 1 '

! i | '

i i 1 i
' 1 I |
' | i '

1 1 1 i
i 1 t '
||||||| e e pp o RS | P ) o e
! 1 | [
| 1 1 [

i i 1 t
' 1 ' 1
1 1 ' [

i i 1 i
1 i | 1
1 i i i
' i i i 1l
xxxxxxx 1o e o el e e e el i el s |
1 1 i i
| 1 | 1
1 i i 1
1 | | 1
1 I 1 |
1 1 1 1
1 ] i i
| 1 1 i
! ! | 1
1 1 | 1
||||||| Prrmie R R S e e i e e e R e e e e o
! | 1 1 '

1 ! | 1
1 i 1 ! 1
| l i | [
| l 1 1 1
l i | 1
| i i ! 1
| i | i |
| { 1 1 i
I T i I
T T 1 T T
™ To) o~ 0 - 0 o
o~ = o

[1eq] ainssaid Juswuiejuon

1500 2000 2500 3000
time [sec]

1000

500

1 1 1 T i 1 1 1
| ! i 1 1 i
ABCZ i i i I 1 i
GGGR I 1 i i 1 1
i i I i i i
SSSP I 1 I ] i 1
— — ] 1 i i i 1
i i i i 1 1
T T ] 1 1 1 1 i
1 i i 1 1 i 1 1
. I e T L e |
I i i i i i 1
[ i i 1 i 1 1
[ 1 1 1 i i 1
1 i i i 1 i i
[ i i [ i I i
i i 1 1 1 i 1
i ! i 1 1 i 1
i i ] [ 1 i i
i i I 1 i 1 I
1 1 i { 1 i 1
[P et e TR P s S S TR Wt o e e i B e
1 ) [} | 1 i I
1 1 I | 1 1 1
i 1 i i i 1 1
i i i i i 1 ]
i 1 1 i 1 i 1
i 1 i i I i 1
i 1 i i I I I
i 1 1 i 1 1 1
1 1 i i i I i
A N (PR P ISR SRSTEUN L
1 i i | i
I i i I
i 1 i i
1 f i
i 1 i i
1 i I i
i i ] !
' 1 t i
i 1 I i
i i i 1
I 1
i
i
1
1
1
1
1
i
1
i
1

1 i
! 1
I i
| 1
1 1 i
1 t i
i 1 1
i 1 1
1 1 i
1 1 I
iiiiii e s e E
1 1 i i | 1
1 1 1 1 | 1
t | 1 1 1 1
1 1 1 1 i 1
t I 1 | 1 1
1 ! 1 ! 1 l
i 1 i ' i
| i 1 ! 1 1
! 1 1 ' 1 1
1 ' 1 | t 1
[rom T T R b e e ettt e i i
| 1 i [ 1 1 1
| 1 i [ 1 1 1
0 1 i I 1 1 i
| I i i 1 1 1
i i 1 i 1 1 i
' 1 i [ 1 i i
! 1 1 [ il i |
i i i 1 '
1 1 1 1 i '
| L 4 L i
T 1 1 1 1 T T 1
(<o} < N o o] © < o~N o
e -— - -

[edin] ainssauy

2000 2500 3000

1500
time [sec]

A-224



1
—
— 0=
=8 E
£ £ S
ODBH BB X
QX T Xt
< J 3T m
I
i
i
1
i
i
1
b i Ll B e Ll i el e s e w i il e i
i
i
1
1
i
i
i
|
1
|
= T
i
t
i
1
1
1
i
i
1
llllllllllllll
i
i
1
i
i
1
i
i
b
....... B L s e o R R i U e e B i
i
i
1
i
i
{1
1
1
1
t
o
o
o
0

6000

(s/6%) mo|4 |ejo)

1500 2000 2500 3000
time [sec]

1000

500

. __U_M_Jj,-—Hst

|

i s e
i
i

G T

450000

50000 +-------===---==-=-

50000 +--------

1500 2000 2500 3000
time [sec]

1000

500

A-225




3000
3000

1
1

N e o

i
2500
i
2500

|
2000
2000

i
1500
time [sec]
;
1500
time [sec]

A-226

. i e et e i ol o i ] i e ol e it et o

1
1

;
1000
|
1000

oo oo o oo o oo s o o . ;-

oSl il
i

|
500

|
500

i
!
1
t
I
i
{
-
1
{
]
e
1
|
!
i
'
|
1
1
L
t
ponees e wan e GEEME SmWE  SMANE W G A G mEAEe Sween D e Seshe tomes wewes e

1
1

o
0

1
m

X

o

[w] jaAa7 483 M) JUBWIUIRJUOY (w) j9na7 1938 J0}0RDY

16 1---------




1700

T T T T T T
i i 1 | i t
' [ 1 [ | i
|8 i i i I i
] [ 1 [ i t
Iy [ ! [ ' i
i ' 1l i ' i
i | i 1 f 1
i i { i l} 1
i I i i i i
P mm st e - == o b e e
i 1 1 1 | 1
1R 1 1 1 | i
] 1 l 1 [ i
Iy 1 1 | 1 1
[ 1 1 | | 1
0! l 1 i 1 |
R t ' i i !
e i 1 1 1 !
g i i 1 1 i
...... s e TR W
1 1 | I i 1
1 8 i i 1 | 1
e 1 t 1 ' 1
Ly l 1 1 i 1
| 1 | I 1 1
i | 1 l 1 1
i ' i I i !
e 1 1 | i {
g t ! 1 1 1
e e M e o b o bosinomin P Lol =
S i 1 | i i
iy t ! 1 1 1
iy i 1 | t 1
' l | I i 1
| I i 1 | 1
i 1 ! | 1 !
] t I I ! 1
Iy l 1 1 | 1
_- ! e I i I
i ! 1 I l 1
TTE ST sy R el i S e ﬂllvw\il
i ' i 1 1 i
iy 1 1 i I 1
Ly 1 i i 1 i
i { ! | i i
] 1 | 1 1 [
] 1 1 i 1 [
[ 1 i 1 1 1
| 1 I i 1 t
1 1 i ! I
and PR s oo P s i [ —t
o i 1 i ' i
=20 ! | | | 1
m W m 1 | 1 i |
! | 1 1 I
' i 1 i i 1
L i | 1 i i
. 1 [ t |
T i [ ' l i
v 1 1 i i i
1a | i 4 L }
T T T T T T
o o o o o o <
w ™ b » ~ wn o
e -~ d s

—

W] ainjesadwa] 2109 wnwixep

1500 2000 2500 3000
time [sec]

1000

500

A-227



Case 25: 4-Inch Break LOCA, One HHSI, One LHSI, No ACC, without Auxiliary

Feedwater
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Case 26: 6-Inch Break LOCA, No HHSI, One LHSI, and One ACC, without

Auxiliary Feedwater

A.6.26

[1eq] ainssaid juswurejuos

r T r r T T r r

1 i | i 1 i 1

< [0} 1 I 1 i 1 [ i

T m | 1 1 I | | I

O o ' ! 1 I 1 ! 1

w0 ! ' i 1 1 t |

1 i i ' 1 | 1

_ _ 1 i l 1 ! ' l

1 i i 1 | i

1 i 1 i i i i 1

1 i i i i i ] i

| 1 ' 1 | 1 l 1
b TR N R 1 I | EERCE TR IR

1 1 I 1 | i 1 ! 1

1 1 1 I I 1 1 ' 1

1 i 1 i 1 i i ! 1

1 i 1 ! ' i 1 Il |

i 1 0 1 | i ' ' 1

1 1 1 1 | t 1 1l i

1 1 1 ! 1 ! ' 1 1

1 1 | 1 1 i 1 ' 1

I 1 1 1 1 | i | i

' 1 1 0 t 1 t ' 1

1 1 | t 1 i 1 ' !

i 1 1 ! 1 [ 1 | 1
e st sttt e e e e e e

' 1 ! t ! | 1 ! 1

! i ! 1 1 i 1 i 1

! 1 ! i 1 i 1 ' 1

| i ' 1 1 1 i ' i

0 i 0 1 i | i ! 1

1 i i i 1 ' 1 i i

! ! ! ' i i 1 1 i

1 (1 ' 1 | ' i 1 1

1 1 ' i I i 1 ! i

i 1 ! : ' | i i i

i 1 | ' I | ' t 1
||||| Lidsiobnwiobog e e R o d Vs il e s g i o

i | ' i | | 1 i 1

i | 1 ' ! 1 1 i i

1 | i 1 ' i 1 i i

1 i t i ! | 1 t 1

i [ 1 1 1 t 1 1 1

I ! i 1 1 1 i 1 1

i i 1 1 { ' 1 1 !

i i i i i ' 1 1 1

l ' ! i ! 1 1 i

1 ' ! i | i t t

i t 1 i l 1 1 !

i ' 1 i | ! t '

[T R p e R R R e e e R e e S e e e e

1 1 1 1 1 i 1 !

i ! i i i i 1 1 !

i t i 1 I 1 1 1 |

1 1 { ' ' i 1 !

i ' i 1 ' ' i 1 '

i ! ! l ! 1 1 [

1 ' 1 1 ' l [ 1 !

1 i 1 t ' [ 1 1

t ! ' i ! ! i '

! | i 1 i i 1 i i

| 1 | | | 1 [

! I " 4 I I i L

T T T T T T T T T

N ® © ¥ N - ® © ¥ o

- - - - o o o o

5000

4000

3000

2000

1000

time [sec]

A

1
|

t
i
i
B
1
|

A e e ol L e D i e T e

o TR
8
o N . R

[edin] @inssaig

24X

3000 4000 . 5000

2000

1000

time [sec]

A-232



i 1 1 1
i i [} i i
I 1 i i i
I 1 i i 1
i 1 1 1 i
I 1 i i i
{§ i (] 1 ]
i i i i 1
i i i i i
I 1 i} 1 i
i i 1 i i
\\\\\ BRI | RN CRNSUNCI (RN RS SR
i i i i i
1 1 |} 1 i
1 i i ] i
1 I 1 i 1
1 1 1 1 1
I | i | |
1 ] i i 1
1 i i 1 i
1 i i i 1
i i i i 1
1 1 1 1 i
oo b oo b ———
[ \, XI_ i 1 1 - -
I 1 i 1 1
' i 1 i 1
i 1 i ! 1
1 i 1 i i
1 i 1 i 1
i i I i 1
i i ¥ i 1
I i i i 1
1 1 I 1 1
I i i i i
1 i 1 ] i
s R R | R R ey )T T —
i i i i i
1 i i ] 1
i i 1 i 1
i i i i i
] i 1 1 i
i i 1 H 1
1 i i t 1
i 1 i 1 1
i i 1 1 i
1 i i i 1
1 1 1 ] 1
Py e e R +
o~ Y ey
EEE | T
o = L
= 1 i 1 | !
O b xl | ! i i I -~
C%%HR“ ! ! ! “ ! !
1 1 1 i i
ALLHB ] i 1 1 i 1 i 4
L] i i i i 1
— ~ _ _ — 1 1 i 1 i 1 \
T T s - - 1 i
_K“h [ 1 i i i 1
i i i ' L 1 i 1
1 T 1 3 ) | L] 1 ]
o o o o o o o o o
o o o o o o o o o
()} s} ~ o n < (35} o~ ~

1000

(s/6y) moy 4 |ejo)

3000 4000 5000
time [sec]

2000

1000

i

[ - i

w -_- s i

WRSS )

o T I !

x o d.x )

NN

1

T T i

i i 1

i 1 1
....... (Tm e e s sy

i 1 i

i 1 i

(] i 1

i i i

] i i

| | )

| i 1

1 I 1

1 i 1

1 1 i
...... Vi G ghidie el i

i i i

i i i

1 1

i 1

i i

| 1

i i

| |

| i

I |

| |

!
i
1
-
I
I
i
[

450000

100000 +-----=------

5000

4000

3000

2000

1000

time [sec]

A-233



] 1 1 1 1 1 1 i i

i 1 1 1 1 i i i 1

i 1 1 i i 1 1 i 1

] 1 1 1 i 1 i i i

1 1 1 i 1 i i 1 i

i 1 1 1 i i i i 1

i ! 1 i 1 i i i 1

i 1 1 1 i 1 1 1 i

i 1 1 ] i i 1 i i

i i i i i i 1 i

1 1 1 i i 1 i 1 I

i i 1 i i i 1 i 1
e S, s ety o Bl s S Rt bt e R e

1 i 1 1 i i i i i

1 1 1 i i 1 i i i

i i i 1 i i 1 1 1

1 t i 1 I 1 i i i

i i ] ) i 1 1 i

] 1 i i i 1 i 1

1 1 i i 1 i i 1 i

' 1 1 i 1l ' i i i

i ] i 1 i i | i i

i i i 1 i i 1 1 1

i i i i 1 i 1 i i

i 1 i i 1 1 i 1 i
T e R [ e e i e e e e

i 1 i i i 1 i i i

i i i i 1 1 1 i

1 i i i ) i i 1 i

1 i 1 i i 1 i i i

] i 1 i t i i i 1

i 1 1 i i 1 i i i

' 1 i ! 1 1 i f 0

i 1 i i i t i i 1

i i i ] 1 i ¥ 1 1

i 1 i 1 1 i I i 1

i 1 i 1 i i 1 i
o o e e e e e i e i R s e B T T &

i 1 i 1 1 1 i i 1

i 1 i ! 1 1 i i i

i i i i i 1 i i i

i i i 1 1 1 [} i i

i 1 ] 1 ] i i I 1

1 ] i i i I i 1 i

i 1 1 i 1 I 1 i i

1 1 1 ! i i 1 1 i

i ' i | 1 i i i

i i 1 1 1 1 i i

I i ' ' ' i i i

i 1 1 i i i 1 i i
[ T T T T (I I T R ey s e e e o N 1 o 6 e e

i 1 i 1 1 1 1 1 ]

1 1 i 1 1 i i i

i 1 1 i I 1 i i

pw 1 i i 1 { | i !

m . 1 1 i 1 ! 1 i 1

=S © 1 1 1 1 1 i i 1

SC t 1 ] i i i i
1 1 1 1 1 i )
— — i 1 i 1 1 |
' i ' 1 ' i i

T ' 1 1 1 1 i 1 t

i 1 i L i i i i i

L] 1 1 T 1 1 1 ¥ 1
N © © ¥ N - ©o © ¥ N O

- ~ - o o o o | o

[w] joAaT J83e M JUBWIUIRIUOD

3000 4000 5000

time [sec]

1000

o, o -l o, S0 A .

1
i
|

(w) j9na Jajep) J0)ORDY

0

5000

4000

3000

2000

time [sec]

A-234



m—TCL

== =2200 F

1700

1500 4.~ IFY

[—

1100 +-----------

M] aanjesadwa] 8109 wnuixepy

300

5000

4000

3000

2000

1000

time [sec]

A-235




Case 27: 2-inch Break LOCA, One HHSI, No LHSI, and One ACC, without

Auxiliary Feedwater

A.6.27
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Case 28: 4-Inch Break LOCA, One HHSI, No LHSI, and One ACC, without

Auxiliary Feedwater

A.6.28
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Case 29: 2-Inch Break LOCA, One HHSI, One LHSI, and No ACC, without

Auxiliary Feedwater
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ABBREVIATIONS AND ACRONYMS

alternating current
automatic depressurization
system

bottom of active fuel
Celsius

control rod drive injection

- condensate storage tank

direct current

downcomer

drywell

Fahrenheit

feet

feedwater

heat capacity temperature
limit -
high-pressure core injection
hour

jet pump

Kelvin

kilograms per second
low-pressure core injection

LPCS
m
min
MPa
MSIV

'NPSH

psig
RCIC
RPV
sec
SP
SPC

SV
TAF
TCL
TFU
TLIQ
TSAT
TVAP
WW

SRV

low-pressure core spray
meter :

minute

megapascal

main steam isolation valve
net positive suction head
pounds per square inch gage
reactor core isolation cooling
reactor pressure vessel
seconds

suppression pool
suppression pool cooling

- safety relief valve

safety valve

top of active fuel
cladding temperature
fuel temperature

liquid temperature
saturation temperature
vapor temperature
wetwell






B.1 Inadvertent Open Relief Valve Success Criteria

Analysis Summary-

Table 1 and Table 2 below provide results for this bortion of the analysis.

Table 1 Peach Bottom Inadvertent Open SRV Results

FW, Core Core
' SPC, | Uncovery | Damage
Case | RCIC | HPCI CRD LPCI | LPCS | ac/dc ADS (hr) (hr)
1 Yes No No No No
2 Yes No No
1att=0and
3 2 at 0.41 No
No t=10 min Yes No ac/dc No
4 No 1att=0and 0.37 No
1 2 at

4a t = 20 min 029 No
5 No 0.32 No

! For this case, the reactor was allowed to scram based on a reactor protection system trip signal, rather than

attimet=0.

Table 2 Peach Bottom Inédvertent Open SRV Key Timings (Cases 1-5)

Case1 | Case2 | Case3 | Case4 | Cased4a | Case5

Event (hr) (hr) (hr) (hr) (br) (hr)
SRV 1 open 0 0 0 0 0 0
Reactor trip 0 0 0 0 <0.01 0
Downcomer level first reaches L2 0.07 0.07 0.07 0.07 0.03 0.07
RCIC/HPCI first started (CST injection. 0.08 0.08 ) } ) )
mode) .
2" CRD pump started - - 0.17 0.33 0.33 -
Downcomer level reaches L1 0.37 8.93 0.32 0.32 0.24 0.26
Downcomer level below TAF 0.37 8.93 0.35 0.33 0.25 0.28
LPCI first started ' 0.51 8.93 0.59 0.58 0.53 0.57
RCIC/HPCI pump isolation: low 0.82 559 ) ) ) )
steamline pressure < 0.52 MPa (75 psig) ' ’
Maximum cladding temperature timing No No 0.78 0.76 0.67 0.75
(max temperature) heatup | heatup | (786 K) | (830 K) | (941 K) | (1,212 K)

K Reactor trips at 8 seconds on low RPV level.

B-1




B.1.1 Case 1: Safety Relief Valve Opening and Reactor Core Isolation Cooling
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Case 2: Safety Relief Valve Opening and High-Pressure Core Injection
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Case 3: Safety Relief Valve Opening and CRD 2 at 10 Minutes

B.1.3
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Case 4: Safety Relief Valve Opening and CRD 2 at 20 Minutes

B.1.4
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Case 4a: Safety Relief Valve Opening, CRD 2 at 20 Minutes, and No Reactor Trip at

B.1.4.1

= Dome

1
i
i
1
1
1
1

[edn] @anssaud 10joeay

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

i i 1 1 1 i 1 1 1
1 ] 1
(7B 75 BV BV B V5 ) ! ! !
[alfalalalal : : |
22 el 1
N M T W0 O 0 M~ | i |
1rSSS3288582<s 3
L0 Y (EU R N 1 L
Skrxrxrrxerrxxx x|l ; |
DODOBOLODODOBOOOD Nl 1
. 1 1 1
] i 1
LHrirrrrrrnty ¢
i 1 i i i 1 i 1 1
i i i i 1 1 ] i 1
S o P T S o S i e e et il e e Sl
i i i i 1 i i 1 1
i 1 1 1 1 1 ] i 1
i i i i 1 1 1 i i
1 1 i i i i i 1 1
1 1 1 1 i i i i i
i i i i 1 i i i 1
1 1 i 1 1 ] ] 1 i
Tllx.)lll_.\.»ll_lttl_llll_ !!!!!!!! g T T T
1 i i i 1
1 i 1 i i
i i i 1 1
1 ] i i 1
i 1 i 1 1
i 1 i i i
,,,,,, L b IS R RN, JTINN N
1 i i 1
i i i i
1 i i i
= { | i
m i i i
i i I
U i i i
................. (. . |
1 1
i 1
m\ 1 i
o i i
> 1 i
' 1 1
w t i
,,,,,,,,,,,, W
> . "
m i i
1 i
1 i i
1 i i
i 1 i
L wbind Neoa oo il onn e e G [ |
1 _IIII_IPII.\
1 1 1
i t 1
i 1 1
1 1 1
i 1 i
i i i
L 1 1
1 T T
(@] o o L | o
© ()} o~ b e
o

[s/Bx] ayey moj|4 sse

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

B-22




4000

3500

—RCIC(SP)
—RCIC(CST)
— HPCI(SP)

—HPCI(CST)

-=1.PCS
~CRD
.

o o il o oo i m k

-
1
i
i

3000

R e W e DR . S i

I
i
L

It S HER e TR o

2500

2000
time [sec]

1500

e Rl o 0 i et

D et e B D o e e e
! '

1000

500

| == Core (R1)
— TAF

2500 3000 3500 4000

2000
time [sec]

1500
B-23

1000

500

b e e

2 1-=— BAF

|
!
i
|
!
1
m
o 0 © <
-—

14 4-------

0
20
18 1-------

—

(w) |9Aa7 J9)ep) 10)0RDY [s/6)] @yey mo|4 ssep jejo )




| | | 1 | | | i
l ! | | i I | i
i I i | | ! | i
i | | | I | i i
| i | | i | ! |
i i | i | | i |
| ! | i | | | i
i i e e e i s b e e i R e i s b
i T T T
i i i | !
i 1 1 i }
1 1 1 i i
i 1 i 1 1 i
| | i ! i !
1 | i ! i i
om0 A o ) o i b H il B
| i | i i i ! !
] i 1 1 i 1 1 ]
1 i 1 1 i 1 1 1
i i 1 1 i 1 i 1
i i | 1 i i i |
i ] i i i i 1 1
i 1 | ' [ i | |
xxxxx B e e e R e e
1 i 1 ] i i 1
| | 1 i i i !
1 | | i i i i !
| i i i i | i !
| i ! i i i i )
i i 1 i i i i !
! i ! i ! i ! !
friomimm g o S i S g e e i e i [ e o
| i i i i 1 i b ]
i i i i i i 1 1
| i i | i i ! |
I i " i i i i i
i | i i ' | ! !
! i i | i 1 ) i
i i i | i i 1 |
T S el Salaiir e Yoatotods Toialens it Rt
i 1 i 1 i i i i
i i i ! | ! i )
1 ! i i | i i 1
1 i i 1 1 1 i 1
i i i i i i | |
i 1 1 i 1 1 i 1
PR I RTIS | SR (AR | \ i
| l i [ K T e e o
1 ! i i ! 1 1 i
) i i i ) | ! i
ey | 1 ! 1 ! 1
== o= | 1 i i 1 !
= = = = i ! ! 1 ! i
O 000 i i | i 1 1
S W o K o Y R S EO R S — —
N A 7 I )} i | | 1 l 1
i ! i 1 ! i
— — _ — i | ! i i i
1 | ! i i i
1 i 1 i i i i i
i ! i ! | 1 | '
i i i 1 [ i | '
i 1 1 1 i i i i
t T T 1 1 1 1 t
o (@] o o o o o o o
o o o o o o o o
o] M~ © (e < 180 N -—

900

[s/65] @3ey mo|4 ssep |ejoy

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

2000

[M] aanjesedwa ] a109 winwixepy

1200 +------

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

B-24



T 1 1 T T T T T 1

1 1 1 I i i i i

1 i i i i 1 i 1

W 1 1 i i i 1 1 i

D 1 i 1 i 1 i i 1

1 i i i i i i 1

— _ I i i i i 1 i i

1 i 1 i i i 1 1
EEE S i ke i R e I s aluahet

i i ] I i i 1 1 1

i i i i i i i 1 i

i 1 i i i 1 1 i 1

i i I 1 ] i 1 ] 1

i i i I I 1 i i i

1 {§ i 1 i i 1} 1 i

i i i i i 1 1 1 i
B e e e (Bt mEr i T

i 1 1 ' i ! i 1 !

' i 1 i [ 1 1 i 1

i i i | 1 i ' 1 1

1 i i [ A i ' 1 1

i 1 1 | 1 i i i i

i 1 i 1 I i i i i

i i 1 i I i {1 1 i

ERERS ke ket T i | Biaetie e R I T T

i i i 1 i i 1 i i

i i i i i i i 1 1

1 [} i ] i i 1 i 1

I I i ] i 1 i i i

1 i i i i i 1 i i

1 i i i i 1 1 1 1
o I e o T e T T
(e i ) i i l [ i T -

1 1 i i i i i i i

1 I i ] I i i i 1

i i i i i i i 1 i

i i i i i i i 1 i

1 1 i i i 1 i 1 i

i 1 i i 1 i 1 i i
AR S SR Vo oo R v (R

| ' f i i | i i 1

i i i i i i ) i i

i i i i 1 ' 1 1 i

i 1 ' i | i 1 1 1

i I i 1 il 1 i ' 1

L] i i i i i i i i

! i ' i I i I 1 i
S Lol [INE EOEL IR (N Lodiag oo

i i i i I | i 1 i

! i I i 1 1l 1 1 i

' | i l I | i 1 i

i i | i 1 1 i i 1

1 i | i ' ' i 1 i

i 1 1 i | ! 1 ' i

1 1 i i I 1 i 1 i

boemmileme i, o e Lol cw il otn oo [

1 1 1 i 1 ' 1 1 1

1 i 1 i 1 1 i i i

I i | i 1 1 i i i

1 1 1 i i i i 1 i

i | I 0 i ) 1 1 i

i I I ' 7” 1 i 1 i

1 | ' i 1 i 1 ' '

i ] i 1 L 1 i i

T T T T T T T T T

N ® © ¥ N - © © ¥ o

-~ -~ b = o o o o

[1eq] sinssaid Juswurejuon

1500 2000 2500 3000 - 3500 4000
time [sec]

1000

500

290 +-------
270 4-------
250

[M] sanjesadwa] jlamyaopn

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

B-25




- Collapsed

| === Swollen

1500 2000 2500 3000 3500 4000
time [sec]

1000

500

B-26




Case 5: Safety Relief Valve Opening
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B.2

Analysis Summary

Boiling-Water Reactor Station Blackout

Table 3 through Table 6 below provide results for this portion of the analysis.

Table 3 Peach Bottom Station Blackout Results

[N

For this case, the SRV does not stick open until after core damage, so this assumption does not

affect the outcome.
Recovery of injection upon reaching 2,200 degrees F (1,204 degrees C) quickly arrests further

SRV Core Core
Sticks HCTL Uncovery | Damage
Case | RCIC | HPCI ac/dc Open? Depress? (hr) (hr)
1 - No' 0.5 1.2
ac recovery at 2
1a No 12 hr No No 0.5 1.2
2 No - Att=0 0.3 0.8
3 Infinite dc 7.7 194
4 Yes No Yes 6.0 7.2
5 2 hr of dc : 3.3 4.3
6 At 187 lifts No 6.0 7.2
7 Infinite dc 17.5 19.3
8 ) No Yes 9.3 10.8
9 No | Yes 2 hr of dc No 38 4.9
110 Infinite dc At 187 lifts 9.2 10.7

heatup.
Table 4 Peach Bottom Station Blackout Key Timings (Cases 1, 1a, and 2)
Case 1 Case 1a Case 2

Event (hr) (hr) (hr)

Reactor trip, MSIV closure 0 0 0
Downcomer level reaches L2 0.16 0.16 0.16
Downcomer level reaches L1 0.50 0.50 0.27
Downcomer level below TAF 0.50 0.50 0.27
Gap release: 900 °C (1,652 °F) 1.02 1.02 0.69
Core damage: max temp > 1204 °C (2,200 °F) 1.17 1.17 0.79

HPCI, RCIC, CRD Injection start - 1.17 -

ADS actuated - 1.24 -

Downcomer level recovers above TAF - 1.27 -

SRV sticks open due to high # of cycles 1.75 - -
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Table 5 Peach Bottom Station Blackout Key Timings (Cases 3-6

)

Event Case 3 (hr) | Case 4 (hr) | Case 5 (hr) Case 6 (hr)

Reactor trip, MSIV closure 0 0 0 0
Downcomer level first reaches L2 0.16 0.16 0.16 0.16
RCIC started (CST injection mode) 0.17 0.17 0.17 0.17
RCIC fails due to loss of dc - - 2.00 -

_— 2.46 (no 2.46 (no 2.46 (no
HCTL limit reached action t;ken) 246 action t;ken) action tgken)
SRV sticks open due to high # of ) ) ) 547
cycles ' )
RCIC NPSH limit exceeded 11.57 - - -
RCIC pump isolation: low steam
line pressure < 0.52 MPa (75 psig) ] 3.90 ) 3.92
RCIC injection ends due to CST 14.43 3 ) )
level <5 f (1.5 m) '
Downcomer level reaches L1 17.68 5.61 3.25 5.62
Downcomer level below TAF 17.68 5.61 3.25 5.62
Gap release: 900 °C (1,652 °F) 19.06 6.99 4.04 7.00
Core damage max temp > 1,204 °C
(2,200 °F) 19_.42 7.17 4.25 7.18
Exhaust pressure exceeded: 20.14 A ) )

0.35 MPa (50 psig)

Table 6 Peach Bottom Station Black

out Key Timings (Cases 7-10)

Event Case 7 (hr) | Case 8 (hr) | Case 9 (hr) | Case 10 (hr)
Reactor trip, MSIV closure 0 0 0 0
Downcomer level first reaches L2 0.16 0.16 0.16 0.16
HPCI started (CST injection mode) 0.17 0.17 0.17 0.17
HPCI fails due to loss of dc - - 2.00 -
SRV sticks open due to high # of ; ) ) 253
cycles )

oo 2.67 (no - 2.67 (no 2.67 (no

HCTL limit reached action t;ken) 267 action tgken) action t(aken)
HPCI NPSH limit exceeded 12.07 - - -
HPCI pump isolation: low steam
line pressure < 0.52 MPa (75 psig) ) 5.72 } 561
HPCI injection ends due to CST 16.05 ) ) }
level <5 ft (1.5 m) )
Downcomer level reaches L1 17.53 8.97 3.82 8.94
Downcomer level below TAF 17.53 9.06 3.82 8.94
Gap release: 900 °C (1,652 °F) 18.96 10.59 4.63 10.46
Core damage max temp > 1,204 °C 19.31 10.8 485 10.68

(2,200 °F)

Exhaust pressure exceeded:
1.04 MPa (150 psig)
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Case 1: Station Blackout with No Injection
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Case 1a: Station Blackout with No Injection and Power Recovery at Core Damage
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Case 2: Station Blackout and Safety Relief Valve Open att=0
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B.2.3 Case 3: Station Blackout and Reactor Core Isolation Cooling

Note: By the time reactor core isolation cooling (RCIC) injection stops from condensate storage
tank (CST) at 14.43 hours, the RCIC pump net positive suction head (NPSH) limit has already
been exceeded, at 11.57 hours.
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Case 4: Station Blackout and RCIC and HCTL Depressurization

B.2.4
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Case 7: Station Blackout and High-Pressure Core Injection

B.2.7

Note: By the time high-pressure core injection (HPCI) injection stops from CST at 16.05 hours,

the HPCI pump NPSH limit has already been exceeded at 12.07 hours.
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Case 8: Station Blackout and HPCI and HCTL Depressurization

B.2.8
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Case 9: Station Blackout and HPCI and 2-Hour Direct Current

B.2.9
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APPENDIX C

EVENT TREE MODELS FOR SURRY AND PEACH BOTTOM
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(o | Surry Event Trees

This section provides the relevant event trees from the Surry (v3.52) Standardized Plant
Analysis Risk model, dated November 2009. These event trees show the sequences described

in the main report.
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C.2 Peach Bottom Event Trees

This section provides the relevant event trees from the Peach Bottom (v3.50) Standardized
Plant Analysis Risk model, dated October 2009. These event trees show the sequences

described in the main report.
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