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The NRC approved the method of testing SJ55 and SJ56 check valves by passing accumulator water to
the reactor cavity by opening the SJ54 valve via relief requests V-24 and V-25 (TAC No. M98259 and
M98260). The acceptance criterion specified in these relief requests was applicable for the SJ54 gate
valve stroke time of 12,5 seconds. Since then, the stroke times of 138J54 and 14SJ54 valves have been
increased via DCPs 80017350 and 80037351. Since, the stroke time of SJ54 valve directly influences the
accumulator pressure decay time, a revised acceptance criteria are needed for the 13 and 14 loop valves.

Also, it has been discovered that there is a delay time between the instant the SJ54 vaive push button is
pressed and the valve disc begins to move. Therefore, the actual stroke time of the SJ54 valves is lower

than the value used. The effect of thls dead tlme has been incorporated in this calculatlon

To keep the analysis as realistic as possuble the pressure decay time acceptance cnterlon has been
developed for each loop.

Similarty, DCPs 80017344 and 3001 7349 have increased the stroke times of valves 11SJ54 and 128J54.
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3.3 Check Valves S$J55 and $J56

The flow rate versus pressure drop relationship for these check valves was developed in Ref. [1] and will
not be repeated here.

3.4 Gate Valve SJ54

The valve flow loss factor vs. stroke position was developed in Ref. [1] and will not be repeated here.

Table 3.4.1 shows the stroke times and the delay times of each of the SJ54 valves. The gross stroke time |
is the duration between the instants the push button is pressed and the disc stops moving. The delay time
is the period when the motor is spinning and the disc is not moving. The net disc stroke time was
calculated by subtracting the delay time from the gross stroke time.

Page No. 9
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Table 3.4.1
SJ54 Valve Stroke and Delay Times
Valve ID No. Gross Reference Delay Time Reference Net Disc
Opening {sec) Movement
Stroke Time Time
(sec) (sec)
11SJ54 18.702 Att. 3 1.228 Att. 3 17.47
12554 21.098 Att. 3 1.259 Att. 3 19.84
13SJ54 20.5 - Notification 1.38 Att. 1 19.12
, 20188810
145454 21.3 Notification 1.36 Att. 1 19.94
20188814

3.5 Friction Loss Factors and Inertial Lengths of Accumulator Discharge Piping
Ta'bles 3.5.1, 3.5.2, 3.5.3, and 3.5.4 show the friction loss factors of the discharge piping. The effective

% is shown underneath each table.

Effective L. —If—L
A T A
where,
L, = Length of i" pipe segment
A, = Flow area of i pipe segment

(See Ref. 1 page 24 for its use)
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Table 3.6.1
Computer Program Listing: Analysls of 11 Loop, Check Valve Maximum Lift = 60 Deg.

Last change: VC 29 Jan 2007 10:56 am
DIMENSION VVOF(12),CVCV (12}
OPEN (1, FILE='Accll-hoff-60deg.out’, STATUS='old')
DATA VVOF/0.,.05,.1,.2,.3,.4,.5,.6,.7,.8,.9,1./
DATA CVCV/0., 0.0194, 0.055, 0.1, 0.146, 0,204,
# 0.277,0.3536,0.4613,0.6086,0.767,1./
PARAMETERS
SINPHM =SINE OF MAXIMUM ANGLE OF CHECK VALVE TRAVEL {NONDIMENSIONAL)
SINPHM=0.866
BAKASQ = SUMMATION K/A**2 [FT+**(~4}]
SKASQ=37.12
SLOA = SUMMATION L/A [FT**({-1)]
SLOA=261.3
VOT1l = DISK MOVEMENT TIME OF SJ54 GATE VALVE (SEC)
VOT1=17.47
CONSTANTS
GAM=1,3
G=32.174
RHO=1.94
AREA=0,394
DT=0.01
PCAV=14.,7*144,
INITIAL CONDITIONS
TIME=0.1
NSTEP=~-1
VNAZ=408.3
VNA=VNAZ
PAZ=84.7*144. |
PA=PAZ
0=.001
2CAV=127.
WRITE (1, 101) :
101 FORMAT(T19'TIME', T28'ACCUMULATOR PRESSURE FLOW RATE')
103 FORMAT (T19'(SEC.)',T28° (PSIG) {GPM) W)
WRITE(1,103)
31 NSTEP=NSTEP+1
TIME=TIME+DT
CALCULATE ACCUMULATOR LEVEL ELEVATION
VWR=1350.-VNA _
ZA=(VWA+7801.,2)/95.76
CALCULATE ACCUMULATOR GAS PRESSURE
PA=PAZ* (VNAZ/VNA) * *GAM
CALCULATE SJ54 LOSS FACTOR
GVKz=.15
IF(TIME .LT. VOT1) THEN
VOF=TIME/VOT1
CALL INTER{VOF,CVND, 12, VVOF, CVCV)
GVK=GVKZ/ (CVND*CVND)
ELSE :
GVK=GVK2Z
ENDIF
CALCULATE CHECK VALVE DP
VEL=Q/AREA
AV2=38.3/(VEL*VEL)
SINPHI=0.5* (SQRT (AV2**2+4,)~AV2)
IF (SINPHI .GE. SINPHM} SINPHI=SINPHM (COMd)

16
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Table 3.6.1 (contd.)

DPCHK=2, *8, 38 *RHO*VEL*VEL* (1, -SINPHI)
C' CALCULATE DERIVATIVES

DQDT= ( PA+RHO*G* ZA-PCAV-RRO*G*ZCAV~0. 5*RHO*SKASC*Q*ABS (Q)
# -0.,5*GVK*RHO*Q*ABS (Q) /AREA**2 - DPCHK) / (RHO*SLCA)

DVNADT=Q

C CALCULATE VALUES AT NEW TIME STEP
QO=0Q+DQODT*DT
VVNA=VNA+DVNADT *DT
IF (TIME .LE. 2.) THEN

IF (MOD(NSTEP, 10) .EQ. O)WRITE(1,102) TIME,+(PA/144.-14.7),

¥ 0*7.48%60.
ELSE
IF (MOD( (NSTEP+10),100) .EQ. 0)WRITE(1,102)
#  Q*7.48%60.
ENDIF
102 FORMAT (F23.3,8F17.2)
C UPDATE THE OLD VARIABLES
=00
VNA=VVNA
IF(TIME .GT. 41.) STOP
GO TO 31
END
SUBROUTINE INTER (X,Y,N,XX, YY)
DIMENSION XX (N}, YY{N)
IF(X .LT. XX(1) .OR. X .GT. XX(N)) GO TO 3
DO 2 J=2,N

TIME,+(PA/144.-14.7},

IF{X .GE. XX(J-1) .AND. X .LE., XX{J)) GO TO 101

GO TO 2
101 Y=YY(J-1}+{YY(J)-YY(J-1)} *(X-RX(F-1)}/

1 (XX(J)-XX(J-1))
RETURN :

2 CONTINUE

3 WRITE({6,1) X, (XX (I},I=1,N)

1 FORMAT (' BEYOND RANGE',G10.4,5X,20G10.4)
RETURN
END

17
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Table 3.6.2
Computer Program Listing: Analysis of 12 Loop, Check Valve Maximum Lift = 60 Deg.

Last change: VC 29 Jan 2007 10:51 am
DIMENSION VVOF(12),CVCV(12)
OPEN (1, FILE="Accl2-hoff-60deg.cut', STATUS='old')
DATA VVOF/0.,.05,.1,.2,.3,.4,.5,.6,.7,.8,.9,1./
DATA CVCV/0., 0.0194, 0.055, 0.1, 0.146, 0.204,
$# 0.277,0.3536,0.4613,0.6086,0.767,1./
PARAMETERS ' ‘
SINPHM =SINE OF MAXIMUM ANGLE OF CHECK VALVE TRAVEL ({(NONDIMENSIONAL)
SINPHM=0.866
AKASQ = SUMMATION K/A**2 [FT** (-4)]
SKASQ=37.69
SLOA = SUMMATION L/A [FT**(-1)]
SLOA=256.8
VOT1 = DISK MOVEMENT TIME OF $J54 GATE VALVE (SEC)
VOT1=19.84 :
CONSTANTS
GAM=1.3
G=32.174
RHO=1.94
AREA=0,394
DT=0.01
PCAV=14.7+%144.
INITIAL CONDITIONS
TIME=0.1
NSTEP=-1
VNAZ=408.3
VNA=VNAZ
PAZ=84.7%144,
PA=PAZ
0=.001
ZCAV=127.
WRITE (1,101)
101 FORMAT(T19'TIME', T28'ACCUMULATOR PRESSURE FLOW RATE')
103 FORMAT (T19' (SEC.)',T28"' (PSIG) (GPM) ', //)
WRITE (1, 103)
31 NSTEP=NSTEP+1
TIME=TIME+DT
CALCULATE ACCUMULATOR LEVEL ELEVATION
VWA=1350.-VNA
ZA=(VWA+7801.2)/95.76
CALCULATE ACCUMULATOR GAS PRESSURE
PA=PAZ* (VNAZ/VNA) **GAM
CALCULATE SJ54 LOSS FACTOR
GVKZ=.15
IF(TIME .LT. VOT1) THEN
VOF=TIME/VOT1. .
CALL INTER(VOF,CVND, 12, VVOF, CVCV)
GVK=GVKZ/ (CVND*CVND)
ELSE
GVK=GVKZ
ENDIF
CALCULATE CHECK VALVE DP
VEL=Q/AREA
AV2=38, 3/ {VEL*VEL)
SINPHI=0.5* (SQRT (AV2¥*2+4. ) -AV2)
IF (SINPHI .GE. SINPHM} SINPHI=SINPHM (contd.)

18
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Table 3.6.2 (contd.)

DPCHK=2.*8.98*RHO*VEL*VEL* (1.-SINPHI)
C CALCULATE DERIVATIVES
DQDT={PA+RHO*G* ZA-PCAV-RHC*G*ZCAV~-0, 5*RHO*SKASQ*Q*ABS (Q)
# -0.5*GVK*RHO*Q*ABS (Q) /AREA**2 - DPCHK)/ (RHO*SLOA)
DVNADT=Q
C CALCULATE VALUES AT NEW TIME STEP
‘QO=0+DQDT*DT
VVNA=VNA+DVNADT*DT
IF¥ (TIME .LE. 2.) THEN
IF(MOD(NSTEP,1Q) .EQ. O)WRITE(1,102) TIME,-+(PA/144.-14.7),
# Q*7.48%*60,
ELSE
IF(MOD((NSTEP+10},100) .EQ. O)WRITE(1,102) TIME,+(PA/144.-14.7),
¥ Q*7.48*60., '
ENDIF
102 FORMAT (F23.3,8F17.2)
C UPDATE THE OLD VARIABLES
0=00Q
VNA=VVNA
IF(TIME .GT. 41.) STCP
GO TO 31
END
SUBROUTINE INTER(X,Y,N,XX, YY)
DIMENSION XX (N}, YY(N)
IF(X .LT. XX{1) .OR. X .GT. XX(N)) GO TO 3

DO 2 J=2,N
IF(X .GE. XX(J-1) .AND. X .LE. XX{J)) GO TO 101
GO TO 2

101 Y=YY{J-1)+(YY(J)-YY(J-1))*{X-XX{J~1))/ |

1 (XX (TJ)-XX(J-1))
RETURN

2 CONTINUE

3 WRITE(6,1) X, (XX(I),I=1,N)}

1 FORMAT (' BEYOND RANGE',G10.4,5X,20G10.4)
RETURN .
END

19
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Table 3.6.3 -
Computer Program Listing: Analysis of 13 Loop, Check Valve Maximum Lift = 60 Deg.

DIMENSION VVOF(12),CVCV(12)
OPEN(1,FILE='Acc13-hoff-60deg.out, STATUS='old")
DATA VVOF/0.,.05,.1,.2,.3,.4,.5,.6,.7,.8,9,1/

DATA CVCV/0., 0.0194, 0.055, 0.1, 0.146, 0.204,
#  0.277,0.3536,0.4613,0.6086,0.767,1.

C PARAMETERS

C SINPHM =SINE OF MAXIMUM ANGLE OF CHECK VALVE TRAVEL (NONDIMENSIONAL)
SINPHM=0.866 g .

C SKASQ = SUMMATION K/A™2 [FT**(-4)]

SKASQ=35.83
C SLOA = SUMMATION L/A [FT**-1)]
SLOA=235.6

C VOT1 = DISK MOVEMENT TIME OF SJ54 GATE VALVE (SEC)

VOT1=19.12
C CONSTANTS
GAM=1.3
G=32.174
RHO=1.94
AREA=0.394
DT=0.01
PCAV=14.7*144.
C INITIAL CONDITIONS
TIME=0.1
NSTEP=-1
VNAZ=408.3
VNA=VNAZ
PAZ=84.7*144.
PA=PAZ
Q=.001
ZCAV=127.
WRITE(1,101)
101 FORMAT(T19'TIME", T28'ACCUMULATOR PRESSURE FLOW RATE)
103 FORMAT(T19'(SEC.),T28'  (PSIG) (GPM) "))

WRITE(1,103)
31 NSTEP=NSTEP+1

TIME=TIME+DT

C CALCULATE ACCUMULATOR LEVEL ELEVATION
VWA=1350.-VNA
ZA=(VWA+7801.2)/95.76

C. CALCULATE ACCUMULATOR GAS PRESSURE
PA=PAZ*(VNAZ/VNA)*GAM

C CALCULATE SJ54 LOSS FACTOR
GVKZ=.15
IF(TIME .LT. VOT1) THEN

VOF=TIMENVOT1
CALL INTER(VOF,CVND, 12,VVOF,CVCV) |
GVK=GVKZ/(CVND*CVYND)
ELSE
GVK=GVKZ
ENDIF

C CALCULATE CHECK VALVE DP

VEL=Q/AREA

(cbntd.)
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AV2=38 3/(VEL*VEL)
SINPHI=0.5*(SQRT(AV2**2+4.)-AV2)

IF (SINPHI .GE. SINPHM) SINPHI=SINPHM
DPCHK=2.*8.98*RHO*VEL*VEL*(1.-SINPHI)

C CALCULATE DERIVATIVES
DQDT=(PA+RHO*G*ZA-PCAV-RHO*G*ZCAV-0. 5*RHO*SKASQ*Q*ABS(Q)
#  -0.5*GVK*RHO*Q*ABS(Q)/AREA**2 - DPCHK)/(RHO*SLOA)
DVNADT=Q

C CALCULATE VALUES AT NEW TIME STEP
QQ=Q+DQDT*DT
VVNA=VNA+DVNADT*DT
IF (TIME LE. 2.) THEN
IF(MOD(NSTEP, 10) .EQ. 0)WRITE(1,102) TIME, +(PA/144-14.7)
# Q'7.48'60, ,

ELSE
IF(MOD((NSTEP+10),100) .EQ. 0)WRITE(1,102) TIME, +{PA/144-14.7),

# Q'7.48"60.

ENDIF

102 FORMAT(F23.3,8F17.2)
C UPDATE THE OLD VARIABLES
Q=QQ
VNA=VVNA

IF(TIME .GT. 41.) STOP
GO TO 31

END

SUBROUTINE INTER(X,Y,N,XX,YY)
DIMENSION XX(N),YY(N)
IF(X .LT. XX(1) .OR. X .GT. XX(N)) GO TO 3
DO 2 J=2N
IF(X .GE. XX(J-1) .AND. X .LE. XX(J)) GO TO 101
GOTO2

101 Y=YY(-1)+(Y Y RYY(J-1)PX-XX (1))

1 (XX(J)»-XX(J-1))
RETURN

2 CONTINUE

3 WRITE(8,1) X.(XX(1),1=1,N)

1 FORMAT(' BEYOND RANGE',G10.4,5X,20G10.4)
RETURN
END
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Table 3.6.4
Computer Program Listing: Analysis of 14 Loop, Check Valve Maximum Lift = 60 Deg.

DIMENSION VVOF(12),CVCV(12)
OPEN(1,FILE="Acc14-hoff-60deg.out', STATUS='old')
DATA VVOF/0.,.05,.1,.2,.3,4,.5,.6,.7,.8,.9,1./

DATA CVCV/0., 0.0194, 0.055, 0.1, 0.148, 0.204,
#  0.277,0.3536,0.4613,0.6086,0.767,1./

C PARAMETERS .

C SINPHM =SINE OF MAXIMUM ANGLE OF CHECK VALVE TRAVEL (NONDIMENSIONAL)
SINPHM=0.866 ' C

C SKASQ = SUMMATION K/IA**2 [FT**(-4)]

SKASQ=34.76

C SLOA = SUMMATION U/A [FT**(-1)]
SLOA=222.5

C VOT1 = DISK MOVEMENT TIME OF SJ54 GATE VALVE (SEC)
VOT1=19.94

C CONSTANTS
GAM=1.3
G=32.174
RHO=1.94
AREA=0.394
DT=0.01
PCAV=14.7*144.

C INITIAL CONDITIONS
TIME=0.1
NSTEP=-1
VNAZ=408.3
VNA=VNAZ
PAZ=84.7*144.

PA=PAZ

Q=.001

ZCAV=127.

WRITE(1,101)
101 FORMAT(T19'TIME', T28'ACCUMULATOR PRESSURE FLOW RATE")
103 FORMAT(T19'(SEC.),T28' (PSIG) (GPM) /)

WRITE(1,103) _
31 NSTEP=NSTEP+1.

TIME=TIME+DT

C CALCULATE ACCUMULATOR LEVEL ELEVATION
VWA=1350.-VNA
ZA=(VWA+7801.2)/95.76

C CALCULATE ACCUMULATOR GAS PRESSURE
PA=PAZ*(VNAZ/VNA)**GAM

C CALCULATE 8454 LOSS FACTOR
GVKZ=.15

- IF(TIME .LT. VOT1) THEN
© VOF=TIME/VOT1
CALL INTER(VOF,CVND,12,VVOF,CVCV)
GVK=GVKZ/(CVND*CVND)
ELSE _
GVK=GVKZ
ENDIF

C CALCULATE CHECK VALVE DP

VEL=Q/AREA
(contd.)
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Table 3.6.4 (contd.)

AV2=38 3/(VEL*VEL)
SINPHI=0.5*(SQRT(AV2**2+4.}AV2)
IF (SINPHI .GE. SINPHM) SINPHI=SINPHM
DPCHK=2.*8.98*RHO*VEL*VEL*(1.-SINPHI)
C CALCULATE DERIVATIVES
DQDT=(PA+RHO*G*ZA-PCAV-RHO*G*ZCAV-0.5*RHO*SKASQ*Q*ABS(Q)
# - -0.5'GVK'RHO"Q'ABS(QUAREA"2- DPCHK)/(RHO'SLOA)
DVNADT=Q
C CALCULATE VALUES AT NEW TIME STEP
QQ=Q+DQDT*DT
VVNA=VNA+DVNADT*DT
IF (TIME .LE. 2.) THEN
IF(MOD(NSTEP, 10) .EQ. 0)WRITE(1,102) TIME, +(PA/144-14.7),
# Q'7.48'60. '
ELSE -
IF(MOD((NSTEP+10),100) .EQ. O)WRITE(1,102) TIME +(PA/144-14.7),
# Q'7.48%60.
ENDIF
© 102 FORMAT(F23.3,8F17.2)
C UPDATE THE OLD VARIABLES
Q=QQ
VNA=VVNA
IF(TIME .GT. 41.) STOP
GO TO 31
END
SUBROUTINE INTER(X,Y,N.XX,YY)
DIMENSION XX(N),YY(N)
IF(X .LT. XX(1) .OR. X .GT. XX(N)) GO TO 3
DO 2 J=2,N
IF(X .GE. XX(J-1) .AND. X .LE. XX(J)) GO TO 101
GO TO 2
101 Y=YY(-1 )1+ (YY(J)-YY (-1 XXX (-1
1 (XX()-XX{J=1))
RETURN
2 CONTINUE
3 WRITE(8,1) X.(XX(I),1=1,N)
1 FORMAT(' BEYOND RANGE",G10.4,5X,20G10.4)
RETURN
END
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Table 3.6.5
Computer Program Listing: Analysis of 11 Loop, Check Valve (Free)

c Last change: VC 29 Jan 2007 10:15 am
DIMENSION VVOF(12),CVCV(12) .
OPEN({1l,FILE="Accll-hoff~free.out', STATUS='old')
DATA VVOF/0.,.05,.1,.2,.3,.4,.5,.6,.7,.8,.9,1./
DATA cvcv/0., 0.,0194, 0,055, 0.1, 0.146, 0.204,

# 0.277,0.3536,0.4613,0.6086,0.767,1./

C PARAMETERS

C SINPHM =SINE OF MAXIMUM ANGLE OF CHECK VALVE TRAVEL (NONDIMENSIONAL)
SINPHM=0,9532 '

C SKASQ = SUMMATION K/A**2 [FT**(-4)]

SKASQ=37.12 :

C SLOA = SUMMATION L/A [ET**(-1)]
SLOA=261.3

C VOT1 = DISK MOVEMENT TIME OF SJ54 GATE VALVE (SEC)
VOT1=17.47 '

C CONSTANTS
GAM=1.3
G=32.174
RHO=1, 94
AREA=0, 394
DT=0.01
PCAV=14,7*144,

C INITIAL CONDITIONS
TIME=0.1 :

NSTEP=-1
VNAZ=408.3
VNA=VNAZ .
PAZ=84.7*144.
PA=PAZ
C=.001
ZCAV=127.
WRITE(1,101)
101 FORMAT (T19'TIME', T28'ACCUMULATOR PRESSURE FIOW RATE')
103 FORMAT(T19'(SEC,)',T28" . (PSIG) (GPM} ', //)
WRITE(1,103) ’
31 NSTEP=NSTEP+1
TIME=TIME+DT

C CALCULATE ACCUMULATOR LEVEL ELEVATION
VWA=1350.~VNA
ZA=(VWa+7801.2)/95.76

C CALCULATE ACCUMULATOR GAS PRESSURE
PA=PAZ* (VNAZ/VNA) **GAM

C CALCULATE SJ54 LOSS FACTOR
GVKZ=.15
IF(TIME .LT. VOT1l) THEN

VOF=TIME/VOT1
CALL INTER(VOF,CVND, 12, VVOF, CVCV)
GVK=GVKZ/ (CVYND*CVND)
ELSE
GVK=GVKZ
ENDIF

C CALCULATE CHECK VALVE DP
VEL=Q/AREA
AV2=38,3/ (VEL*VEL)

SINPHI=0.5* (SQRT (AV2**2+4,)-AV2) . '
IF (SINPHI .GE. SINPHM) SINPHI=SINPHM {contd.)
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Table 3.6.5 {contd.)

DPCHK=2.*8, 98 *RHO*VEL*VEL* (1. -SINPHI)
C CALCULATE DERIVATIVES
DODT= ( PA+RHO*G* ZA-PCAV-RHO*G*ZCAV-0 . 5*RHO* SKASQ*Q*ABS (Q)
# ~0.5*GVK*RHO*Q*ABS (Q) /AREA**2 -~ DPCHK)/ (RHO*SLOA)
DVNADT=Q
C CALCULATE VALUES AT NEW TIME STEP
QQ=0Q+DQDT*DT
VVNA=VNA+DVNADT *DT
IF (TIME .LE. 2.) THEN '
IF(MOD(NSTEP,10) .EQ. CO)WRITE(1,102) TIME,+(PA/144.-14.7),
# Q*7.48*60,
ELSE ‘ ‘
IF (MOD ( (NSTEP+10),100) .EQ. O)WRITE(1l,102) TIME,+{PA/144,-14.7),
# Q*7.48%60.
ENDIF
©102 FORMAT (F23.3,8F17.2)
C UPDATE THE OLD VARIABLES
Q=00
VNA=VVNA
IF(TIME .GT. 41.) STOP
GO TO 31
END
SUBROUTINE INTER(X,Y,N,XX,YY)
DIMENSION XX (N),YY(N)
IF(X .LT. XX{1) .OR. X .GT. XX(N)) GO TO 3
DO 2 J=2,N '
IF(X .GE. XX(J-1) .AND. X .LE. XX(J)) GO TO 101
GO TO 2
101 Y=YY(J-1)+(YY(J)=YY (J-1))* (X-XX(J-1))/
1 (XX(J)-XX(J~1)) ‘
RETURN
2 CONTINUE
3 WRITE(6,1) X, (XX(I),I=1,N)
1 FORMAT(' BEYOND RANGE',G10.4,5X,20G10.4)
RETURN

END
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4. Results

All four loops were analyzed inidividually with their own specific data and geometrical input. For 11 loop,
two analyses were run for pressure decay time calculation (one for the check valve free case and other
with check valve having maximum lift 60 degrees). Table 4.1 shows the time history of pressure decay
and the discharge fiow rate of 11-accumulator for the 60 degree check valve lift, Table 4.2 shows the
pressure decay time history and the discharge flow rate of 11-accumulator for the free check vaive case.
The associated computer program listing is shown in Table 3.6.5.

For 12, 13, and 14 loops, the pressure decay analyses were done for the case where the maximum lift for
the check valves is 60 degrees. Table 4.3 shows the time history of pressure decay and the discharge
flow rate of 12-accumulator for the 60 degree check valve lift. Table 4.4 shows the time history of .
pressure decay and the discharge flow rate of 13-accumulator for the 60 degree check valve lift. Table
4.5 shows the time history of pressure decay and the discharge flow rate of 14-accumulator for the 60
degree check valve lift.

For all cases analyzed, the flow rate exceeded 3537 gpm (corresponding to 20 ft/s velocﬁy in 0.394 € aea
pipe), the minimum flow rate required for full disk lift.

Figure 4.1 shows the plots of pressure decay time history of 11 accumulator and Figure 4.2 shows the
discharge flow rate time histories of 11 accumulators for the two cases analyzed (check valves are free
and the check valves maximum lift Is 60 degrees).

From the tabular data, the following results are obtained for 60 degree maximum fift cases.

For 11-accumulator, the pressure decay time from 70 psig to 35 psig is 28.52 seconds.
For 12-accumulator, the pressure decay time from 70 psig to 35 psig is 29.07 seconds.
For 13-accumulator, the pressure decay time from 70 psig to 35 psig is 28.63 seconds.
For 14-accumulator, the pressure decay time from 70 psig to 35 psig is 28.63 seconds.

As per the recommendation of the safety evaluation report docket No. 60-311 dated January 2, 2004 !
(Relief Request RR S2-RR-03-V01 and RR $2-RR-03-V02) and docket Nos. 50-271 and 50-311 dated
March 12, 1999, the acceptance criterion for the pressure decay time Is1.5 second less than the
calculated pressure decay time for the 60 degree check valve lift case.

Therefore, the valve passing acceptance criteria for the check valves are as follows:

Acceptance criterion pressure decay time for 11 loop check valves is less than or equal to 27.02 seconds
Acceptance criterion pressure decay time for 12 loop check valves is less than or equal to 27.57 seconds
Acceptance criterion pressure decay time for 13 loop check valves is less than or equal to 27.13 seconds
Acceptance criterion pressure decay time for 14 loop check valves is lass than or equal to 27.13 seconds
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Table 4.1
11 Accumulator Pressure and Discharge Flow Rate Time History
(Check Valve Maximum Lift = 60 deg)

CONONUDWNRFRFPRREPEHPEREREPRPRPAERROODOODO0OO0D0D0O0O0O

TIME ACCUMULATOR PRESSURE  FLOW RATE
(SEC. ) (PSIG) (GPM)
.110 70.00 0.45
.210 69.99 : 178.98
310 69.98 263.46
.410 69.96 347.16
.510 ©69.94 C " 429,97
.610 69.91 511.84
.710 69,88 592.81
.810 69.84 672.95
.910 69.80 757.03
.010 69.75 878.76
.110 69.69 1010.72
.210 69.63 1143.42
.310 69.56 1275.08
.410 69.48 1405.17
.510 69.39 1533.42
.610 ' 69.30 1659.63
.710 69.20 1783.65
.810 69.09 1901.54
.910 68,97 2001.58
.010 68,85 2089.57
.010 67.45 2715.78
.010 65.81 3149.23
.010 64,03 3444.16
.010 62,19 3656.32
.010 60.34 3795.07
.010 58.52 .3882.58
.010 56.74 3917.60
0,010 55.04 3915.37
11.010 53,41 _ 3892.04
12.010 51,86 3859.03
. 13.010 50.38 3815.32
14.010 48,98 3763.51
15.010 47,65 3704.54
16.010 46.39 _ 3641.72
17.010 45.19 3578.94
18.010 44.06 3513.35
19.010 42,98 3444.23
20,010 41,96 3376.29
21.010 40.99 3310.25
22.010 40.06 3246.10
23.010 39.18 3183.75
24,010 38.34 3123.08
25.010 37.54 . 3064.00
26.010 36.78 3006.41
27.011 36.04 2950.25
28.011 35,34 2895.42
29,011 34.67 - 2841.86
30.011 34.03 2789.51
31.011 : 33.41 2738.30
32.011 32.82 2688.17
33,010 32.25 ' 2639.08 ' '
34,010 31.70 2590.97 {contd. )
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Table 4.1 (Contd.)
TIME ACCUMULATOR PRESSURE  FLOW RATE
{SEC.) (P3IG) {GPM)
35,010 31.17 2543.75
36,010 30.67 '2497.51
37.010 30.18 2452.,08
38.010 29.71 2407.47
39,009 29.26 2363,63
40.009 28.82 2320.53
41,009 " 28.40 2278.15
When pressure = 35 psig, time = 28,52 sec
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Table 4.2
11 Accumulator Pressure and Discharge Flow Rate Time History
(Check Valve Free)
TIME ACCUMULATOR PRESSURE  FLOW RATE
(SEC.) (PSIG) (GPM)
0.110 70.00 0.45
0.210 69.99 178.98
0.310 69,98 263.46
0.410 s 69,96 347.16
0.510 69.94 429.97
0.610 69.91 511.84
0.710 69.88 592.81
0.810 69.84 672.95
0.910 69.80 757.03
1,010 69.75 878.76
1.110 69.69 1010.72
1.210 69,63 1143.42
1.310 69.56 1275.08
1.410 69.48 1405.17
1.510 69.39 1533.42
1.610 69.30 1659.63
1.710 69.20 1783.65
1.810 69.09 1901.54
1.910 68.97 2001.58
2,010 68.85 ©2090.22
3.010 67.43 _ 2794.25
4.010 ' 65.72 3342.97
5.010 63.81 3748.07
6.010 61.81 : 4041.49
7.010 58.77 4249.37
8,010 57.75 4392.73
9.010 55.78 4465.66
10.010 53.88 4484.18
11.010 52.07 4469.83
12.01¢ 50.35 4440.26
13.010 48.73 4393.46
14.010 47.19 4333.58
15.010 45,74 4261.59
16.010 44,37 4182.55
17.010 ' 43,08 4102.63
18.010 - 41.86 - 4018.17
19.010 ' 40.71 3927.59
20.010 39.63 3837.95
21,010 38.61 ‘ 3750.84
22.010 37.64 3666.40
23,010 36.73 3584.52
24.010 35.86 3503.60
25,010 35.04 3413.33
26.010 " 34.26 3319.89
27.011 33.52 3227.15 .
28.011 32.82 3136.23
29,011 32.16 3047.40
30.011. ’ 31.54 2960.67
31.011 30.94 2875.96
32.011 30.38 2793.20
33.010 29.84 2712.27
34.010 29,33 2633.11 {contd.)
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Table 4.2 (contd.)

TIME ACCUMULATOR PRESSURE FLOW RATE
(SEC.) ' (PSIG) (GPM)
35.010 28,85 2555.62
36.010 28.39 2479.75
37.010 27.95 2405.43
38.010 27.53 2332.60
39.009 27.13 2261,22
40,009 26.75 2191.25
41.009 ' 26.38 2122.65
When pressure = 35 psig, time = 25.06 sec
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Table 4.3
12 Accumulator Pressure and Discharge Fiow Rate Time History
(Check Valve Maximum Lift = 60 deg)

TIME ACCUMULATOR PRESSURE  FLOW RATE
(SEC.) (PSIG) (GPM)
0.110 70.00 0.45
0.210 69.99 . 159.07
0.310 .69.98 234.28
0.410 69.97 308.91
0.510 69.95 382.86
0.610 69.92 456,08
0.710 69.89 528.55
0.810 , 69.86 600.31
0.910 69.82 671.42
1.010 69.78 742.71
1.110 69.73 846.85
1.210 69.68 964.62
1.310 69.62 1083.71
1,410 69.55 1202.08
1.510 69.47 1319.21
1.610 69.39 1434,90
1.710 . 69.30 1548.99
1.810 69.21 1661,35
1.910 69.11 1771.87
2.010 69.00 ; 1879, 95
3,010 67.70 : 2526.17
4.010 66.16 : 2957.09
5,010 64.46 3267.68
6.010 62.69 3478.19
7.010 60,91 3644.58
8.010 59,13 ‘ 3745.90
9,010 57.38 3812.44
10.010 55.69 3837.24
11.010 54,06 3832.01
12.010 52,50 3806.00
13.010 51.02 3774.85
14.010 49,61 3732.78
15.010 48,26 3686.34
16.010 46.99 3633.01
17.010 45.77 3575.15
18.010 44,62 3514.62
19.010 43.52 3454.70
20.010 42.48 3393.84
21.010 : 41,48 .3329,39
22,010 40,54 3265,09
23.010 39,64 3202.39
24.010 38.78 3141.37
25.010 : 37.97 3081.96
26.010 37.19 3024.08
27.011 - 36,44 2967.64
28.011 35,72 2912.57
29,011 35,04 2858.78
30.011 34,38 2806.22
31.011 '33,75 2754.82
32.011 33,15 2704.52
33,010 32.57 2655.27
34,010 32.01 2607.01 {contd.)
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Table 4.3 (contd.)
TIME BCCUMULATOR PRESSURE FLOW RATE
(SEC.)} (PSIG) {GPM)
35.010 31.48 2559.71
36,010 30.96 2513.31
37.010 30,46 2467.78 .
38.010 29,99 2423.07
39.008 28.52 2379.15
40,009 29.08 2335.98
41.009 28.65 2293.53

When pressure = 35 psig, time = 29.07 sec
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Table 4.4
13 Accumulator Pressure and Discharge Flow Raie Time History
~ (Check Valve Maximum Lift = 60 deg)

TIME ACCUMULATOR FLOW RATE

PRESSURE
(SEC.) (PSIG) (GPM)
0.110 70.00 0.45
0.210 69.29 165.51
0.310 69.98 243.73
0.410 69.96 321.31
0.510 69.94 398.14
0.610 69.92 47418
0.710 69.89 549.43
0.810 69.85 623.95
0.910 69.81 697.79
1.010 69.77 781.38
1110 69.72 809.98
1.210 69.66 1024.42
1.310 69.60 1148.73
1.410 69.53 1271.91
- 1.610 69.45 1393.65
1.610 69.36 1513.77
1.710 69.27 1632.12
1.810 69.17 1748.59
1.910 69.06 1863.04
2,010 68.95 1966.00
3.010 67.61 2509.23
4.010 66.03 3035.70
5.010 64.29 3346.58
6.010 62.49 3558.90
7.010 60.67 3724.33
8.010 58.87 3821.96
9.010 57.10 3883.04
10.010 55.39 3899.61
11.010 53.75 3887.52
12.010 52.18 3859.46
13.010 50.69 3824.28
14.010 49,28 3779.19
15.010 47.93 3728.39
16.010 46.65 3670.69
17.010 45.43 3609.19
18.010 44.28 3547.07
19.010 43.19 3484.65
20.010 42.14 3418.66
21.010 41.16 '3351.48
22,010 40.21 3285.91
23.010 39.32 3222.16
24.010 3847  3160.16
25.010 37.65 3099.79
26.010 - 36.88 3040.97
27.011 36.13 2983.62
28.011 356.42 2927.66  When pressure = 35 psig, tims = 28.63 sec
29.011 34.74 2873.01
30.011 34.09 2819.60 _
31.011 33.46 2767.36 (contd.)
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32.011
33.010
34,010
35.010
36.010
37.010
38.010
39.009
40.009
41.009

DESIGN ANALYSIS
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32.86
32.29
31.73
31.20
30.69
30.19
29.72
29.26
28.82
28.40

Table 4.4 (contd.)

2716.256
2666.20
2617.16
2569.09
2521.93
247565
2430.21
2385.57
234189
2298.54

Revision:

3

.Page No.
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Table 4.5
14 Accumulator Pressure and Discharge Flow Rate Time History
{Check Valve Maximum Lift = 60 deg)

TIME ACCUMULATOR FLOW RATE

PRESSURE
(SEC)) (PSIG) (GPM)
0.110 70.00 0.45
0.210 69.99 1569.52
0.310 69.98 23493
0.410 69.97 309.78
0.510 69.95 383.94
0.610 69.92 457.37
0.710 69.89 530.086
0.810 - 69.86 602.06
0.910 69.82 673.42
1.010 69.78 744.56
1.110 69.73 850.40
1.210 69.68 970.47
1.310 69.61 1091.35
1.410 69.55 1214.33
1.510 69.47 1330.04
1.610 69.39 1447.32
1.710 69.30 1663.04
1.810 69.20 1677.06
1.910 69.10 1789.29
2,010 68.99 1899.45
3.010 67.69 2546.68
4010 66.12 2985.03
5.010 64.41 3303.10
6.010 62.63 3519.77
7.010 60.82 3693.01
8.010 59.02  3799.00
9.010 57.26 3869.68
10.010 55.54 3896.98
11.010 53.90 3892.90
12.010 52.32 3866.93
13.010 50.82 3835.78
14.010 48.40 3793.13
15.010 48.04 3745.87
16.010 46.75 3691.39
17.010 4552  3632.00
18.010 44.36 3569.68
18.010 43.25 3507.99
20.010 42,20 "3445.49
21.010 41.20 3379.10
22.010 40,26 3312.62
23.010 39.35 3247.83
24.010 38.49 3184.80
25.010 37.67 3123.48
26.010 36.89 3063.71
27.011 36.14 3005.46
28.011 35.42 2048.62 When pressure = 35 psig, time = 28.63 sec |
28.011 34.74 2893.13
30.011 34.08 2838.90 (contd.)
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31.011
32.011
33.010
34.010
35.010
36.010
37.010
38.010
. 39.009
40.009
41.009

DESIGN ANALYSIS
8-1-8J-MDC-1539

33.45
32.85
3227
31.71

3117

30.68
30.16
29.69
29.23
28.78
28.36

Table 4.5 (contd.)

2785.88
2734.00
2683.20
2633.44
2584.67
© 2536.83
2489.88
244379
2308.51
2354.01
2310.25
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Fig. 4.1
11-Accumulator Pressure Time History
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Fig. 4.2
11-Accumulator Discharge Flow Rate
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5. Conclusions

As calculated in Section 4 the acceptance criterion for pressure decay from 70 psig to 35 psig in the
accumulators is as follows: ,

Acceptance criterion pressure decay time for 11 loop check valves is less than or equal t027.02

seconds
Acceptance criterion pressure decay time for 12 loop check valves is less than or equal to 27.57

seconds
Acceptance criterion pressure decay time for 11 loop check valves is less than or equal to 27.13

seconds
Acceptance criterion pressure decay time for 11 loop check valves is less than or equal to 27.13 | _ .

seconds

6. Documents Affected

Procedure S1.0P-ST.SJ-0006 will be revised after this calculation is issued. See NUTS 80017344,
Operation 0650, and NUTS 80017349, Operation 0650. : '

7. Design Margin

The calculatlon established the acceptance criterion for the pressure decay time to ascertain the valve
functronallty A desrgn margin is not applicable for this caculation. '
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