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1.0

2.0

Statement of Problem

This calculation provides an analysis of NPSH conditions for the RHR and Core Spray
Pumps during performance test conditions and following the design basis loss of coolant
accident (DBA LOCA). Proper and reliable performance of Emergency Core Cooling
System (ECCS) pumps requires adequate net positive suction head (NPSH) which is
defined as the absolute pressure at the pump impeller datum less the vapor pressure of the
fluid being pumped  If the available NPSH is less than the NPSH required by the pump,

cavitation will occur within the pump  Cavitation reduces the pump performance and may
cause mechanical damage.

It is necessary to calculate the head losses in the suction lines for the RHR and Core Spray
Pumps under normal testing and accident conditions The suction head losses will be used
to evaluate pump NPSH at the normal testing and DBA LOCA conditions to determine
whether adequate margin will be available to accommodate potential degradation of the
suction strainers from LOCA-generated debris. Using postulated vaiues for post-accident
strainer head losses from debris, the NPSH available to the RHR and Core Spray pumps
will be evaluated and may be used as the basis for allowable strainer head loss at normal
conditions to be applied during pump testing

It is necessary to perform a time dependent analysis of NPSH conditions following the
DBA LOCA using the predicted suppression pool temperature profiles and postulated
values for containment leakage to determine the minimum NPSH inargin that will be
available The suppression pool profiles are based on the design basis recirculation line
break DBA LOCA with 65°F and 75°F ultimate heat sinks. An updated analysis as
presented in FSAR Figures 14 5-9, 14 5-10, and 14.5-13 is performed in this calculation
to demonstrate that available NPSH will exceed that required by low pressure ECCS
pumps when NPSH margin is at its minimum value following a DBA LOCA.

Summary of Results and Recommendations
Table 4 provides the suction pressure drop that is calculated for each RHR and Core
Spray Pump operating at the normal IST performance test conditions and at accident

conditions The test condition value represents the pressure drop at the pump suction
between the idle pump no-flow condition and with the normal pump test tiow rate

Tables 5 and 6 provide calculations of the available NPSH and margin for suppression
pool temperatures of 166 °F and 178 °F. These are the peak suppression pool
temperature for the 65 °F and 75 °F heat sink design cases [Refs 10 & 37] The RHR
and Core Spray Pumps are provided adequate NPSH under design conditions at the peak
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pool temperature with the initial wetwell pressure of 0 5 psig. With the suction conditions
degraded due to LOCA -generated debris, a positive NPSH margin is maintained at the
peak pool temperature based on the corresponding wetwell pressure shown on Figures 4
and 6 (described below) Conditions associated with the DBA LOCA are used because
this event produces the highest peak in suppression pool temperature.

Table 7 provides a calculation of the available NPSH and margin for the point of minimum
NPSH margin following a DBA LOCA based on the results shown in Figures 5 and 7
(described below) The 112°F data corresponds to the 1% per day leakage case and the

1 19°F data corresponds to the 5% per day leakage case at the point of minimum margin
when the containment pressure has decreased to atmospheric pressure for the 65°F heat
sink design case. The 115°F data corresponds to the 1% per day leakage case and the
126°F data corresponds to the 5% per day leakage case at the point of minimum margin
when the containment pressure has decreased to atmospheric pressure for the 75°F heat
sink design case. With the suction conditions degraded due to LOCA-generated debris, a
positive NPSH margin is maintained at the point of minimum margin.

Figures 4 and 6 provide graphical presentations of the calculated values for “primary
containment pressure” and the “containment pressure necessary to meet NPSH required”
for both the RHR and Core Spray pumps after a DBA LOCA with 65°F and 75°F heat
sinks  Containment pressure is evaluated for a containment leakage rate equal to the
Technical Specification (TS) limit (1%/day) and S times the TS limit. The evaluation of
NPSH for 5 times the TS leakage rate limit demonstrates that significant impairment of
containment will not cause available NPSH to drop below the NPSH required for either
the Core Spray or RHR pump

Figures 5 and 7 provide graphical presentations of NPSH margin as a function of time
after a DBA LOCA with 65°F and 75°F heat sinks. The margin curves shown on this
figure are the difference between the primary containment pressure and the containment
pressure required for NPSHR. The Core Spray pumps are predicted to have smaller
NPSH margin throughout the accident response. For the 65°F heat sink case, the point of
least margin for the Core Spray pump occurs during the suppression pool cooldown,
approximately 52 hours after the accident at which time Core Spray pump margin is
approximately 11.5 feet. The minimum RHR pump margin occurs at approximately the
same tirae and is approximately 17 3 feet. For the 75°F heat sink case, the point of least
margin for the Core Spray pump occurs during the suppression pool cooldown,
approximately 90 hours after the accident at which time Core Spray pump margin is
approximately 10 8 feet. The minimum RHR pump margin occurs at approximately the
same time and is approximately 16 6 feet
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As presented in Section 3.C 3, the potential exists for additioral head loss for the Core
Spray and RHR pumps from fibrous debris deposition on suction strainers in the amount
of 8.6 feet and 14 5 feet respectively. For the 65°F heat sink case, the minimum margin
for the CS pumps exceeds the debris related loss by 2 9 feet (11.5 feet - 8 6 feet) and the
minimum margin for the limiting RHR pump exceeds the debris-related loss by 2 8 feet
(173 feet - 145 feet). For the 75°F heat sink case, the minimum margin for the CS
pumps exceeds the debris related loss by 2 2 feet (10 8 feet - 8 6 feet) and the minimum

margin for the limiting RHR pump exceeds the debris-related loss by 2.1 feet (16 .6 feet -
14 5 feet)

Based on the information presented, NPSH margin will be available to assure reliable
operation of the RHR and Core Spray pumps Available NPSH will exceed required

NPSH over the entire range of suppression pool temperatures that are predicted following
the DBA LOCA
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3.0 Calculation of Total Suction Losses and NPSH Available
3.A  Method of Solution

This calculation determines the suction line losses for the RHR and Core Spray Pump.
These losses are used to predict the suction pressure drop that will occur with a clean
strainer. The suction line head loss is calculated at the conditions for temperature and
pump flow rate for the pump performance In-Service Test (IST). The calculation for
suction head loss is repeated at the predicted accident conditions for wetwell temperature,
pressure, and pump flow rate. This calculation also predicts the NPSH available at the

ECT'S pump suctions under accident conditicns and the resulting margin between NPSH
Availzble and NPSH Required

A number of variables determine the NPSH available to the pumps Principally they are

Suppression pool water level, temperature, and density

Wetwell pressure.

Vapor Pressure of the suppression pool water

Pump suction line head loss which is principally a function of geometry and flowrate
(which includes the clean suction strainer head loss).

Head loss caused by LOCA-generated debris partially clogging the pump suction strainer

The suction pressure drop as would be read on a pressure gage mounted at the pump
suction is also calculated The pressure drop is the difference in the pressure read with the
pump idle (O gpm) and with the pump at the test flow rate. This measurement method

cancels out the effect of gage height versus the datum such that only the delta-P is
important

There is a maximum amount of strainer fouling that can be tolerated such that there will be
adequate NPSH to the ECCS pumps under containment accident conditions. This
calculation determines the margin that will be available for NPSH with the predicted
strainer head losses due to debris from the accident. This margin plus the calculated
suction line losses at the accident conditions for wetwell temperature, pressure, and pump
flow rate are used to calculate the maximum pressure drop that can allowed during the
pump performance testing
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The difference (Paace.stanc - Poacerinoans ) provides a measure of the dynamic pressure
drop caused by resistances and restrictions in the suction line plus the conversion of static
head to velocity head as follows

dP = Poagestanc - Paacerinoane = Suction Line Pressure Drop + Velocity Head

The allowable suction dP attributable to pre-existing strainer fouling (i.e , prior to
accident) must be less than the NPSH Margin that is predicted to exist at the accident
conditions

3B Input Data and Assumptions

The physical configurations of the suction lines to the RHR and Core Spray Pumps are
taken from the drawings listed in the Reference section.

The head losses due to pipe fittings are in accordance with [Ref 7]

Pipe friction values are based on the Moody diagram [Ref 7] The pipe roughness value
was selected for steel pipe with light rust per [Ref 8]

The strainer characteristics are in accordance with [Ref 14] and debris fouling is based on
[Ref 3] values

The design basis accident conditions inside containment are in accordance with
[Ref 10, 37].

The 5100 gpm RHR Pump flow rate is based on the flow limitations for the RHR heat
exchanger This single pump value of flow bounds the per-pump flow for the two-pump
case used in accident analyses [Ref 11, 12] The 4400 gpm Core Spray Pump flow rate is
the minimum pump runout flow rate assumed in the accident analysis (4100 gpm) plus an
assumed minimum flow line flow rate of 300 gpm [Ref 11, 12]

The following assumptions apply

1. The RHR and Core Spray Pump accident flow rates of 5100 gpm and 4400 gpm,
respectively, correspond to the flow at zero reactor pressure

rJ

The RHR and Core Spray Pump performance test flow rates of 4800 gpm and 3300
gpm, respectively, correspond to the IST test conditions with 80F torus water



CALCULATION SHEET % Boston Edison PREPARED BY: P.D. Harizi

CALC. # M-662 - CHECKED BY: P. Doody

REV. E1 DATE 29-FEB-96

SHEET |0 ofF _©4

3.C Calculations / Analyses
3.C.1 Suction Line Head Loss Calculation

Definition of T
K = resistance coefficient for velocity head loss calculation
Q rate of flow (gpm)
¥ = mean velocity of flow (ft sec)
hy velocity head (ft)
hivar - head loss due to fluid flow through valves and fittings (ft)
hy stranver = head loss due to flow through a clean suction strainer (fi)
hy pipe = head loss due to flow through suction pipe (ft)
hs = total head loss due to flow in the suction line with a clean suction strainer (ft)
P = density (Ibm/ft’)
g acceleration of gravity equal to 32.2 ft'sec’
dpP = pressure drop at pump suction (psi)
u = cross sectional area of pipe or orifice, or flow area in valve (in’)
A cross sectional area of pipe or orifice, or flow area in valve (ft’)
d = internal diameter of pipe (in)
D = internal diameter of pipe (ft)
£ - absolute roughness (in)
eD = relative roughness
f = friction factor in Equation 5 read from Moody diagram [Ref 7]
L = length of pipe (ft)
LD = equivalent length of a resistance to flow, in pipe diameters
v = kinematic viscosity (ft /sec)
s F |
ve Velocit
(Q = 1/7.4805 x 1/60) :
/ = Lquation |
A
Velocity Head
V? !
h, =— Equation 2
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Equation 3

Y i .
hiyar =K E;' Equation 4

I For Straight Pi

\ 172
hippe = (f ‘I%J ;g Equation 5

Clean Strainer Losses
The clean strainer rated pressure drop was taken from the data sheet [Ref 14] and used to
generate a table of values at different flow rates by using a flow-squared relationship.

The head loss K-factor due to the piping inlet from the torus was based on [Ref 7] for an inward
projecting entrance (K=0.78) In addition, the initial pipe spool piece is 16” ID which connects
to the 17 25" ID suction lines. A head loss K-factor for the sudden enlargement (K=0.036) was
added to obtain the total inlet K-factor = 0 816 for each strainer.

Total Line Loss

hse = hovar + huppe + g straver Equation 6
Pump Suction Pressure Drop

dP = thy + hy ) x(p/144) Equation 7

Note: This pressure drop (psi) represents the difference between the gage pressure readings
taken at the pump suction with the pump idle (0 gpm) and with the pump at the normal
flow rate.  Since the gage is reading from a static pressure tap, the velocity head (h; ) is
added to the line loss to give the total change in head
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3.C.2 Net Positive Suction Head Calculation

Definition of Terms

NPSHA = Net positive suction head available at the centerline of the pump inlet (ft)

NPSHR = Net positive suction head required at the centerline of the pump inlet (ft)

NPSHM = Net positive suction head margin; NPSHA - NPSHR (ft)

h; ~  Elevation head of suppression pool water measured at the centerline of
the pump inlet (ft)

hs; = Dynamic head loss caused by flow throigh a clean suction strainer and the
suction line (fi)

Troor = Temperature of the suppression pool water (°F)

’c = Primary containment positive pressure (psig)
Pyp = Vapor pressure at the temperature of the pumped fluid (psia)
"sp - Specific volume of fluid (ft'/Ibm)

Rpgsris = Additional head loss at the pump suction strainer caused by insulation debris (ft)

Equations

NPLS'HA e hz > o hS/. + [(14696 + P(‘ - I)VPXI44XVSP )] ;2 hDLBR/\ Equatl(m 8

NPSHM = NPSHA - NPSHR Equation 9

Constant Inputs

NPSHR = RHR Pumps: 23 fect at 5100 gpm [Ref. 6]
Core Spray Pumps: 29 feet at 4400 gpm [Ref. 5]

h; 12.5 feet from mirimum normal suppression water level (-3°0") to the pump inlet
centerline at (-15'5")

Pe = The minimum value of 0.5 psig corresponds to the initial containment pressure.

The minimum value of wetwell pressure with debris head loss included is
calculated as the wetwell pressure required to maintain the required NPSH at the
associated peak accident water temperature with zero NPSH margin.
The wetwell pressure of 5.6 psig is the predicted accident wetwell pressure at the
point of peak pool temperature for the 166 °F case in Figure 4
The wetwell pressure of 7.4 psig is the predicted accident wetwell pressure at the
point of peak pool temperature for the 178 %F case in Figure 6

Py From the ASME Steam Table 1 “Properties of Saturated Steam and Saturated
Water (Temperature)”.

Ve Same as above.
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3.C.3 Strainer Head Loss w/ Debris

The following values are from GE Report [Ref 3]

13 8 feet for RHR Pumps @ 5000 gpm
5.5 feet for Core Spray Pumps @ 3750 gpm

For this calculation, the following pump flow rates will be used

RHR = 5100 gpm
Core Spray = 4400 gpm

The strainer head loss at the new flow rates will be determined consistent with the
methods used in [Ref 3] The total amount of debris in each torus segment was

distributed between the RHR and Core Spray Pumps in relation to the flow rates as
follows

RHR = 8.1 (5100 /(5100 + 5100 + 4400) = 2.829 ft’ debris
C.S =8.1(4400 /(5100 + 5100 + 4400) = 2.441 fi' debris

The strainer surface area is 13 ft* and the debris is uniformly deposited to the following
depths:

RHR = (2829/13)x 12 = 261 in
CS =(2441/13)x12 = 225in

The “strainer velocity” is defined as follows

(Q = 1/7 4805 x 1/60)
4

where A = 1247 (see note)
(¢ = 5100 gpm RHR
Q

= 4400 gpm Core Spray

Note For the calculation of strainer velocity, the strainer is assumed to have 5% of
surface area completely blocked by fabric in addition to insulation debris. This
yields a strainer net area of 12 4 ft’
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"

V = 092 ft/sec RHR
V' = 079 fi/sec Core Spray

The data in [Ref 3] was used to make a plot of strainer head loss versus strainer velocity
as shown in the attached graph The plotted values are for the debris thickness evaluated
in the GE Report (2.63 and 2 .03 inches) To get the head loss for the new values of debris
thickness and strainer velocity, an interpolation between the two known curves was
performed with the following results to be used in this calculation:

RHR Pumps:
hogsris - = 145 ft
Core Spray Pumps:
hogsris - = 86ft
3.C4 i i S iti

The maximum allowable pump suction pressure drop as measured at the IST testing
conditions is based on the suction head losses and available NPSH margin at the accident
conditions for wetwell temperature, pressure, pump flow rate, and strainer debris fouling.
The total suction head loss (hg ) is calculated at both the IST conditions for temperature
and pump flow rate and for the accident conditions. The available NPSH margin
(NPSHM) is calculated for the accident condition and ther used to calculate a maximum
dP for the test conditions that will ensure that NPSHA will meet or exceed NPSHR at the
accident conditions using the iollowing relationship:

Equation 10

dPyux . { [(hSL-PEAA‘ + NPSHM ) x (hs..resr / Bsipeak )] + Ry.rest } X (presr /144)
ax - Maximum allowable suction pressure drop at IST conditions (psi)

NPSHM Available NPSH margin at accident conditions (fi)

hst prak Suction head loss at accident conditions (ft)

hs rest = Suction head loss at IST conditions (ft)

hy rest Velocity head at IST conditions (ft)

Prest Density at IST temperature (Ibm/ft’ )
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3.C.5 Initial Containment Pressure

The initial conditions assumed for containment temperature and pressure prior to a
Loss of Coolant Accident (see Table 8) are

Volume Temperature Pressure Relative
(ft") (°F) (psig)  Humidity (¢)
Drywell 47,000 150 1.30 80
Wetwell Airspace 124,500 80 000 100

The drywell and wetwell airspace volumes are assumed to be mixed and in equilibrium
following an accident that results in a reactor blowdown to the primary containment .

The temperature and pressure for this mixed volume is calculated based solely ¢ the
temperature and pressure conditions that exist prior to the accident. This is cousidered to
be the “initial condition” in containment (drywell and wetwell) for the NPSH analysis.

Calculate Initial Mass of Noncondensible Gas

[(P[) + 14 696) - (¢pVP )](ll) )*144in2

%
M = D 1l
D R(T}) + 460) e
, 2
[(PW +14.696) - (¢PV,, )](l w1441 ftz
My = - R(7 ) (Wetwell)
w + 460

where R = 533 ft-Ibf/lbm-°R
Py = 37184 psia @ 150 °F
0.5068 psia @ 80 °F

Drywell = 8478 Ibm
Wetwell Airspace 8,838 Ibm

Total Noncondensible Gas 17,316 Ibm

fl
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Calculate mixture temperature of both air volumes

o VolTp)+Vi(Ty)
MIX = -y
p+Vw

147,000(150) + 124,500(80) :

271,500

TMIX = 18°F

Calculate pressure at mixture temperature

P = (M7)R(Tpyy + 460)

o +(@Bp ) — 1469 psig

The mixture will have relative humidity of 100% at 118 °F

~ (17.316)*533% (118~ *~0)

Fr
il
271,500{ 14411

ﬁz

=+ 16009 — 14696 = 055 psig

The minimum value for the initial containment pressure to be used in the Section 3 NPSH
calculation is 0 50 psig except whe 2 noted, e g, at the point of minimum NPSH margin



Table 1 - Input Values

Friction Factor f for 18" Fittings = 0.012
Piping Absclute Roughness e (in) = 0.0C8

[K Velues (Crane) [ 45LREL | 0LREL | 90 SREL | Tee Branch| Tee Run | Gate Valve | B'fly Valve |
Effective L/D for Fitting 10 14 20 | 60 ‘ 20 | 8 25
f+ Turbulent Flow Friction Factor 0.0120 00120 0.0120 0.0120 00120 @ 00120 0.0120
K =(UD)*f: FOR 18" FITTINGS 0.1200 0.1680 0.2400 0.7200 0.2400 0.0960 0.3000

{K Values (Crane) | Entrance | Exit | Reducer |
Effective K for Fittings Strainer | Any | Eccentric
Independent of Friction Factor n/a na . 18x12
K = fixed 08160 10000 @ 00900
RHR and Core Spray Suction Strainer
Loss (Clean) Reference SUDDS/RF
#84-59 Procurement of RHR and CS Flow Loss (psi) | Loss (f)

Suction Strainers inside Torus, dated

7/13/95
3000 00135 0.0320
3300 0.0163 0.0387
3600 0.0194 0.0461
3750 0.0211 0.0500
4100 0.0252 0.0598
4400 0.02%0 0.0688
4600 0.0317 0.0752
4800 0.0346 0.0819
4990 0.0374 0.0885
5000 0.0375 0.0889
5100 0.0390 0.0925

Rated delta 0 15 psi at 10000 gpm 10000 0.1500 0.3555

RHR/CS NPSH Calc 29-FEB-96 File = RHRSST01.XLS
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Table 2 - Pump Sucticn Line Configuration

L Length | d Diameter | D Diameter| @ Area A Area Pipe
Pipe No. () (inches) W) (in%) (") | Pipe Class | Schedule
CS A-1 750 17.25 1.438 23371 162 18-HUHD Std
CSA-2 1.0 11.25 0938 99 40 069  12HD  Std
CS B-1 740 17.25/ 1438 23371 162 18-HUMD  Std
cSB-2 10 11.25 0.838 99 40 089 12HD  Sud
RHR A 900 17.25 1438 233.71) 162 18"HUHB  Sud
RHR B 52.0 17.25 1438 233.71 162 18"-HUHB Std
RHR C 520 17.25 1438 233.71 162 18"-HUHB  Std
RHR O 900 17.25 1438 233.71 162 18"-HUHB  Sud
Valve or CS A-1 CS A-1 CS A-2 CS A-2 CSB-1 CSB-1 cSB-2 CSB-2
Fitting Count K Count K Count K Count K
45 REL 3 0.360 0 0.000 3 0.360 0 0.00C
90 LR EL 1 0.168 0 0.000 1 0.168 0 0.000
90 SR EL 3 0.720 0 0.000 3 0.720 0 0.000
Tee Branch 0 0.000 0 0.000 0 0.000 0 0.000
Tee Run 1 0.240 0 0.000 1 0.240 0 0.000
Gate Vaive 1 0.096 0 0.000 1 0.096 0 0.000
Butterfly Valve 1 0.300 0 0.000 1 0.300 0 0.000
Entrance 1 0.816 0 0.000 1 0816 0 0.000
Exit 0 0.000 0 0.000 0 0.000 0 0.000
Reducer 0 0.000 1 0.090 0 0.000 1 0.090
V&F Total K = 2.700 0.090 2.700 0.090
Valve or RHR A RHR A RHR B RHR B RHR C RHR C RHR D RHR D
Fitting Count K Count K Count K Count K
45 LR EL 2 0.240 3 0.360 2 0.240 2 0.240
90 LR EL 4 0672 1 0.168 2 0.336 4 0672
90 SR EL 0 0.000 (] 0.000 0 0.000 0 0.000
Tee Branch 0 0.000 0 0.000 0 0.000 0 0.000
Tee Run 1 0.240 1 0.240 1 0.240 1 0.240
Gate Valve 1 0.096 1 0.096 1 0.096 1 0.096
Butterfly Valve 1 0.300 1 0.300 1 0.300 1 0.300
Entrance 1 0.818 1 0816 1 0816 1 0816
Exit 0 0.000 0 0.000 0 0.000 0 0.000
Reducer 0 0.000 0 0.000 0 0.000 0 0.000
V&F Total K = 2.364 1.980 2028 2.364
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Table 3 - Pipe Line Losses

(Eq1) (Eq 3) (Ref 8) (Ref 7) (Eq4) (Eq 5)
Valves &
Reynolds | Pipe Relative Pipe Fittings Pipe
Flow Rate | Velocity V| Number Roughness Friction hyvar h piee
Pipe No. Q (@pm) (ft/se<) Re e/D Factor f (ft) ()
For Torus Testing Temp Teoo (F) = | 80.00
CS A-1 3300 453 693E+05 000035 0.0160 0.861 0.266
CS A-2 3300 1065 1.06E+06 0.00053 0.0170 0.159 0.032
CSs B-1 3300 453 6 93E+05 0.00035 0.0160 0 861 0.263
csB-2 3300 1065 1.06E+06 0.00053 0.0170 0.159 0032
RHR A 4800 6.59 1.01E+08 0.00035 0.0160 1.504 0676
RHR B 4800 6.59 1.01E+06 0.00035 0.0160 1.335 0.390
RHR C 4800 6.59 1.01E+06 0.00035 0.0160 1.368 0.390
RHR D 4800 6.59 1.01E+06 0.00035 0.0160 1.5094 0676
For Torus Peak Temp Teoo (F) =
CS A-1 4400 604 1.47E+06 0.00035 0.0155 1.530 0458
CS A-2 4400 1420 2.16E+06 0.00053 0.0170 0.282 0.057
cs B-1 4400 6.04 1.41E+06 0.00035 0.0155 1.530 0.452
CsSB-2 4400 14.20 2.16E+06 0.00053 00170 0.282 0.057
RHR A 5100 7.00 1.63E+06 0.00035 0.0155 1.800 0.739
RHR B 5100 7.00 1.63E+06 0.00035 0.0155 1.507 0427
RHRC 5100 7.00 1.63E+06 0.00035 0.0155 1.544 0427
RHR D 5100 7.00 1.63E+06 0.00035 0.0152 1.800 0.739
For Torus Peak Temp Teoo (F) =
CS A-1 4400 6.04 2.05E+06 0.00035 0.0155 1.530 0.458
CS A-2 4400 14 20 3.15E+06 0.00053 0.0170 0282 0.057
CS B-1 4400 6.04 2.05E+06 0.00035 0.0155 1.530 0.452
csSB-2 4400 1420 3.15E+06 0.00053 00170 0.282 0.057
RHR A 5100 7.00 2.38E+06 0.00035 0.0155 1.800 0.739
RHR B 5100 7.00 2.38E+06 0.00035 0.0155 1.507 0427
RHR C 5100 7.00 2.38E+06 0.00035 0.0155 1.544 0.427
RHR D 5100 7.00 2.38E+06 0.00035 0.0155 1.800 0.739
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Table 3 (Cont ) - Pipe Line Losses

(Eq 1) (Eq3) (Ref 8) (Ref 7) (Eq4) (Eq 5)
Valves &

Reynolds | Pipe Reilative Pipe Fittings Pipe
Flow Rate | Velocity V| Number | Roughness Friction hovar Ny piee

Pipe No. Q (gpm) | (fUsec) Re e/D Factor f ) ()

or Torus Peak Temp Teoo (F) = 178,

CS A-1 4400 6.04 T 2.22E+06 0.00035 0.0155 1.530 0.458
CS A-2 4400 14 20 3 40E+06 0.00053 0.0170 0.282 0.057
CS B-1 4400 6.04 2.22E+06 0.00035 0.0155 1.530 0.452
csB-2 4400 14.20 3 40E+06 0.00053 0.0170 0.282 0.057
RHR A 5100 7.00 2 5TE+06 0.00035 0.0155 1.800 0.739
RHR B 5100 7.00 2 57E+086 0.00035 0.C155 1.507 0427
RHR C 5100 7.00 2.57E+06 0.00035 0.0155 1.544 0427
RHR D 5100 7.00 2.57TE+06 0.00035 0.0155 1.800 0.739
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Tabie 4 - Total Suction Loss

(Table 3) _ (Table 3) (Table 1) (Eq 6) (Eq2) (Eq7)
Total Total
Valve & |Tota! Piping| Clean Suction| Suction Velocity Suction
Fitting iHead Loss Strainer Head Loss | Head @ P! | Pressure
Flow Rate |[Losses hyyar| Dy pee M sTRamer hs. hy Drop
Pump No. Q (gpm) ) (1) () ") () (psi)
For Torus Testing Temp Teoo, (F) = 80.00
Core Spray A 3300 1.019 0.298 0.03871 1.356 1.762 1.347
Core Spray B 3300 1.019 0.294 0.03871 1.352 1.762 1.346
RHR A 4800 1.594 0676 0.08191 2.352 0674 1.307
RHR B 4800 1.335 0.3%0 0.08191 1.807 0674 1.072
RHR C 4800 1.368 0.390 0.08191 1.840 0674 1.086
RHR D 4800 1.594 0676 0.08191 2.352 0674 1.307
For Torvs Peak Temp Teoo, (F) =
Core Sprav A 4400 1.812 0.515 0.06882 2.396 3.132 2370
Core Spray B 4400 1812 0.509 0.06882 2.390 3.132 2.367
RHR A 5100 1.800 0.739 0.08247 2631 0.761 1.454
RHR B 5100 1.507 0.427 0.09247 2.027 0.761 1.1985
RHR C 5100 1.544 0427 0.09247 2.063 0.761 1.211
RHR D 5100 1.800 0.739 0.09247 2631 0.761 1.454
For Torus Peak Temp Teoo (F) =
Core Spray A 4400 1.812 0.515 0.06882 2.396 3.132 2337
Core Spray B 4400 1.812 0.509 0.06882 2.390 3132 2335
RHR A 5100 1.800 0.739 0.09247 2631 0.761 1434
RHR B 5100 1.507 0.427 0.09247 2.027 0.761 1.179
RHR C 5100 1.544 0427 0.09247 2.063 0.761 1.194
RHR D 5100 1.800 0.738 0.09247 2631 0.761 1434
For Torus Peak Temp Teoo, (F) =
Core Spray A 4400 1.812 0.515 0.06882 2.396 3.132 2.329
Core Spray B 4400 1.812 0.509 0.06882 2.390 3.132 2326
RHR A 5100 1.800 0.739 0.09247 2631 0.761 1.429
RHR B 5100 1.507 0.427 0.09247 2027 0.761 1.174
RHR C 5100 1544 0.427 0.09247 2.063 0.761 1.190
RHR D 5100 1.800 0.739 0.09247 2631 0.761 1.429
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Table 5 - NPSH & Max Suction dP

(Table 4) (Eq 8) (Ref 5&6) (Eq9) (Eq 10)
Aliow Max Suction
Suction | Suction Debris dP
Torus Elev Head | Wetwell Head Available | Measured
Temp Vapor Spec Head Loss Press Loss Available | Required Margin @ IST
Teoow |Press Pye| Volume Vg h hs. Pc Noearis NPSH, NPSHg NPSHy | Conditions
F) (psia) (ft*Abm) W) (1) (psig) | () (f) () W) {psi)
Core Spray Pumps A & B @ 4400 GPM:
16600 54620 0016428 12.50 240 0.500 0.00 33.13 29.00 413 235
0.500 660 24 53 29.00 -4 .47 n/a
2.390 8.60 2900 29.00 .00 1.35
5.600 860 36.59 29.00 7.58 320
RHR Pumps A & D @ 5100 GPM: I
16600 54620 0016428 12.50 263 0.500 0.00 3290 2300 990 513
0.500 14 50 18.40 23.00 -4 60 n/a
2.445 14 50 23.00 2300 0.00 1.31
5600 14.50 30.46 2300 748 419
RHR Pumps B & C @ 5100 GPM: . T
16600 54620 0016428 12.50 2.086 0.500 0.00 33.47 23.00 1047 513
0.500 1450 18.97 23.00 -403 n/a
2.204 14.50 23.00 23.00 0.00 1.09
5.600 14 50 31.03 23.00 8.03 419
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Table 6 - NPSH & Max Suction dP

(Table 4) (Eq 8) (Ref 5&6) (Eq9) (Eq 10)
Allow Max Suction
Suction | Suction Debris dP
Torus Elev Head Wetwell Head Available | Measured
Temp Vapor Spec Head Loss Press Loss Available | Required Margin @ IST
Teoo. | Press Pye| Volume Vse|  h; hs Pe hosamis | NPSH, NPSHx NPSH, | Conditions
F) (psia) | (f'ibm) (") ™ | @sig | ™ W) () (") (psi)
Core Spray Pumps A & B @ 4400 GPM:
17800 7.1840 0016498 1250 240 0500 0.00 2913 2900 013 138
0.500 8.60 20.53 29.00 -8.47 n/a
4062 860 29.00 29.00 0.00 1.35
7.400 8 60 3693 29.00 793 328
RHR Pumps A & D @ 5100 GPM: i . e e ) :
17800 71840 0.016498 12.50 263 0500 0.00 28.90 23.00 5.90 359
0.500 1450 14 40 23.00 -860 n/a
4118 14.50 23.00 23.00 0.00 1.31
7.400 14.50 30.80 23.00 7.80 432
RHR Pumps B & C @ 5100 GPM. - i
17800 71840 0016498 1250 206 0500 0.00 29 47 23.00 647 358
0.500 14,50 14 97 23.00 -8.03 n/a
3.880 14,50 23.00 23.00 0.00 109
7.400 14 50 31.37 23.00 837 431
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Table 7 - NPSH & Max Suction dP

(Table 4) (Eq 8) (Ref 5&6) (Eq9) (Eq 10)
Aliow Max Suction
Suction | Suction Debris dP
Torus Elev Head | Wetwell | Head Available | Measured
Temp Vapor Spec Head Loss Press Loss Available Required Margin @ IST
Teoot Press Py| Volume Ve h; hs Pc hoearis NPSHa NPSHe NPSH, Conditions
(F) | (psia) | (®*bm) () (m psig) | ™) (f) (") () (psi)
Core Spray Pumps A & B @ 4400 GPM
Max Temp @ 0 psig:
11200 13505 0016173 12.50 2.40 0.000 0.00 41.18 29.00 12.18 432
0000 860 3258 ~ 28.00 358 222
115.00 14716 0016184 12.50 2.40 0.000 0.00 4092 29.00 11.82 426
0000 860 3232 2 2000 @ 332 = 216
11900 16468 0016200 12.50 240 0.000 0.00 40 54 29.00 11.54 416
0000 860 3194 2000 204 207
126.00 1.9859 0.016229 12.50 240 0.000 0.00 39.78 29.00 10.78 308
T e T boo0 860 3118 2000 218 188
RHR Pumps A & D @ 5100 GPM
Max Temp @ 0 psig:
11200 13505 0016173 12.50 263 0.000 0.00 4095 23.00 17.85 824
0000 1450 2645 2300 345 264
115.00 14716 0.016184 12.50 263 0.000 0.00 40869 2300 17.69 8.14
0000 1450 2619 2300 319 2.54
119.00 1.6468 0.016200 12.50 263 0.000 0.00 40 .31 23.00 17.31 8.00
0000 1450 2581 2300 281 238
12600 19959 0.016229 1250 263 0.000 0.00 39.55 23.00 16.55 7.70
. 0000 1450 2505 2300 205 210
RHR Pumps B & C @ 5100 GPM
Max Temp @ O psig:
112.00 1.3505 0.016173 12.50 2.06 C.000 0.00 4152 23.00 18.52 8.23
0000 1450 2702 2300 402 264
115.00 1.4716 0016184 12.50 2.06 0.000 0.00 41.26 23.00 18.26 8.13
0000 1450 2676 2300 376 254
119.00 16468 0.016200 12.50 206 0.000 000 40.88 23.00 17.88 7.99
0000 1450 2638 2300 338 239
12600 19959 0016229 12.50 2.06 0.000 0.00 4012 23.00 17.12 769
0000 1450 2562 2300 262 210
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CALCULATION SHEET % Boston Edison PREPARED BY P. Doody

CALC # Meé62 CHECKED BY: P.D. Harizi

REV. E1 DATE  2/29/96

sHEET 25 of 584

Section4.0  Updated FSAR NPSH Analyses and Figures
Section4.A  Method of Solution

This section of the calculation prepares updated NPSH analysis for the FSAR. The oniginal analysis was
submutted to the AEC during the original licensing review via Amendments 9 and 24 to the SAR. This
analysis was incorporated into the FSAR and remains there currently as FSAR Figures 14.5-9, 14 5-10, and

14 5-13 and Section 14.5.3.1.3. The revised analysis in this calculation will be incorporated in the UFSAR
by the 10CFR50 .59 process.

The same approach used in the oniginal FSAR analysis is used. Considering a known suppression pool
temperature profile, the coincident containment pressure is calculated using the ideal gas law. The
“containment pressure required” to provide the required NPSH is calculated and plotted with the coincident
containment pressure. The difference between the containment pressure at any point in time and the
containment pressure required represents margin.  All calculation results are presented in various plots.
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Section 4.B

Input Data and Assumptions
Table 8 - Section 4 Inputs

* See
Note 1

65°F Seawator
Temperature
Revised Analysis

Ref.
* See
Note 1

75°F Seawater
Temperature
Revised Analysis

_Core Spray NPSH Required |

- RHR NPSH Required
Drvwell Free Volume
Wctwell Fm vo“‘mc TR S
_Torus Water Volume .

lnmal Toms Water
ET ture

Imtial Drywell Relative
Humdity 0

31,33¢

1%/day

34f

1%/day

31.33¢

5%/day

33c

S%/day

. Figure 1-2 (FSAR
... Fig 145-10) |

65 °F

- 31,.33¢

FSAR Fig. 14 5-7

33d (6)

33e

20 ft at 4400 gpm

23 ftat 5100 gpm

report.

10 min

......... j.o-
- 3B
O
A.‘;‘.. ---3-»-7--- . -4

29 ft at 4400 gpm

147,000 f’

. 23fat5100 gpm
33a

147,000 &’

......... 7. YRR - Spn—— |

124,500 f°

80°F

_S2E61bm

e

84000 f'

3%
. 34

84000 &’

l24 Sw Rz vermsetnrasrnan et aaa

80°F

34c

80%

80°F

20%

' This parameter is an input for caiculation of the suppression pool temperature profile.

* The current FSAR requirement for SSW flowrate is 4500 gpm and it has been determined that the suppression pool temperature profile Figure 14.5-7 is
unafiected by the reduced flow based on heat exchanger performance.
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Table 8 - Section 4 Inputs

Amendment 9 Ref. 65°F Seawater Ref. 75°F Seawater Ref.

Parameter Benchmark * See Temperature * See Temperature * See
% Notel | Revise¢ Analysis | MNete! Revised Analysis T

Initial Wetwell Relative 100% f31.33¢ | 100% L 3c 100% 3%

‘ H‘lml’dlt"""“““

g'u““_-.'...."'waweil-..x’j.“--"---'.‘“”..—‘h‘-hué. N 80°F g 3 l;ggg“ E 80°F : (3) ; cessanaseree soo.uF: et ssenseTeTTes seEE sne: (3)
{ T re ’ 5 : :

Initial Drywell Temperature

Initial Drywell Presswre | Opsig

3133 150°F | 33c(4) CIS0F 33c(4)

31,33 130 psig @ 1.30 psig @
3133 0 psig Be | 0 psig 33c

Contamment Reference n/a 45psngor 59 696 34f 45psigor 59696 psia | 34f
. Pressure Pr P i psia :

Contanment Reference Leak . n/a  1%/day of Mt 3af 1%/day of Mt 3

'RHR Pump Sucton bne | 42feet | (1) | 263 fee Table 5. 263 feet Table 5. |

'CS Pump Suction line Head | 4.2 feet ) 240 feer Table5 | 240 feet Table 5. |

Elevation head 125 Rt | Section 125 flet Section 125 feet Section
{3C2b | 3C2b 3C2b

Notes for Table 8

1 Numbers in parentheses refer to the following notes. Numbers not in parentheses refer to the corresponding references at the end of
this section.

2. Initial “Drywell Airspace Pressure” is assumed equal 1.30 psig which is a conservative nominal value for drywell pressure based on
a review of randomly selected summer and winter drywell pressures. Drywell pressure, temperature, and hurmdity along with
wetwell pressure, temperature and humidity are used to calculate the mitial mass of noncondensible gas inside containment. The
combination of the values selected for each of these six parameters provides a conservative estimate of the imitial mass of
noncondensible gas.
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Section 4.B  Input Data and Assumptions

3 Imitial wetwell airspace temperature is assumed to equal the initial suppression pool temperature.

4 lnin'alDrywellemcranxmismnnedtoequﬂamﬁfmnvalueoflsthMoﬁmI3S°F(Gmnluuturpa=uu'cper'l‘able
5.2-2“DrywellAWCMQMSMﬂMbuMhWMMMMmmM 14]. A
hduhﬁ@mmmiswwxmmm&mhmhm. Therefore, the partial
pmrcofnamldmsiblcysBlmmwbmmsmmmmdhmmmnmmmahm(m)

5. mmmlmmwuwiszmmmmmmumom. A lower humudity at a given pressure
results in a higher initial mass of noncondensible gas in the contamment. This design value remains conservative since the drywell 1s
initially inerted with dry nitrogen and then sealed. A leak inside containment will raise the humidity, offset by condensation on drywell
surfaces and the drywell cooling coils.

6 Atableofvalucsfmmppmsimpodtmmammasaﬁmaimofﬁmeaﬁud\eaocidanismkmﬁmnﬂnpodwnpenturemm
specified in the above table.

7. Amaxhnan9amlysiswaspmpmedbcfmeﬂleactualpipmgwnﬁgumﬁmmshnwn.Thcsudjmlincheadlossusedinﬂie
benchmark analysis was estimated between 4 2 and 47 feet. Use of the value of 4 2 feet gives good agreement between the benchmark
case for Figure 14 5-10. Use of the value of 4.7 feet gives good agreement between the benchmark case and Figure 14.5-9. The suction
line head losses are somewhat lower based on the as-built piping configuration.

8 Thedatatablcforﬂmsuppmsimpool&mpemnmwmcamhwdinnferm37wasptwidedviatheGElctwrre&tmcc38.
Sclocteddatapohﬁsford:csuppmsionpooltunpcranmasindiatedintbcattadtedtabhsforﬁ’FsuwatcrNPSHmesiswerc
taken from reference 38. Between 4 and 5 days, |7 additional pool temperature data points were established by linear interpolation
between the pool temperature at 4 day's and S days. These additional data points were necessary to find the point of minimum margin
which occurs before the Sth day for the 5%/day leakage case. Between 7 and 8 days, 9 additional pool temperature data points were
established by linear interpolation between the pool temperature at 7 days and 8 days. These additional data pomnts were necessary to
ﬁndﬂnepoirnofminimummarginwhichoowrsbcfmethesthdayford'el’/Jdaylakagecase.
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Section4.C  Calculations/Analyses
Section 4.C.1  Definition of Terms

Hz Elevation of suppression pool water surface above the pump inlet, ft

Hsl Suction line losses, fi

Ly Reference mass leakage rate at reference pressure Py, lbm/sec

M Initial mass of dry air inside the drywell and suppression chamber, ibm

Mr* Mass of dry air remaining inside the drywell and suppression chamber after leakage, lbm
Mgas Mass of air/nitrogen in mixture, lbm/sec

Mieak Mass leakage rate from containment, lbm/sec

Mheater Mass of water vapor in mixture, lbm/sec

NPSHA Net positive suction head available, feet
NPSHM Net positive suction head margin, feet
NPSHR Net positive suction head required, feet

Pc Pressure of primary containment, psia

Pc Reg'd Pressure of primary containment required to provide NPSHR, psia

Pd Initial pressure of drywell, psia

Pgas Pressure of gas in a mixture of gas and water vapor, psia

Pwater Pressure of water vapor in a mixture of gas and water vapor, psia

Ps Initial pressure of suppression chamber air space, psia

Py Reference pressure for mass leakage rate Ly, psia

Pvd FPartial pressure of vapor initially in drywell, psia

Pvs Fartial pressure of vapor initially in suppression chamber airspace, psia
Pvp Vapor pressure at pool temperature, psia

Ror Rgas  Specific gas constant for air/mitrogen, 53.3 fi-lbf'lbm- R
Rwater Specific gas constant for water vapor, 85.8 fi-lbf/lbm- R

ar Length of time siep, sec

Td Temperature of gas and water mixture in drywell, °R

Tp Temperature of suppression pool water, °F

Is Temperature of gas and water mixture in suppression chamber, °R
Vs Volume of free air space in suppression chamber, ft’

Vd Free drywell volume, ft’

P Density of water in pool, Ib/ft’

¢ Relative humidity

@ Humudity Ratio
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Section 4.C.2 Eguations

An expression for calculating the initial mass of noncondensible gas inside the drywell and torus can be derived
based on the ideal gas law:

PV = MRT
Solving for the mass (M):

The total imtial mass of noncondensible gas inside containment is the sum of the initial mass located in two
separate volumes (torus airspace, and drywell).

Mt = Md + Ms

The initial mass in each volume is composed of water vapor and noncondensible gas (air/nitrogen). To calculate
the iitial mass of noncondensible gas, the contribution to the imitial pressure from water vapor is subtracted.

The magnitude of this water vapor contribution is a function of relative hunudity ¢ and the saturation pressure
corresponding to the mixture temperature:

Per Dalton’s Rule:
Pmixture = Pgas + Pwater vapor

80 F gas = Pmixture — Pwater vapor
Pwater vapor
Pvp
Equation 11 is used to calculate the total initial mass in the drywell and wetwell airspace. As discussed above

the equation is derived from the ideal gas law, Dalton’s rule and the definition of relative humidity. The result of
Equation 11 prowvides the initial mass of noncondensible gas in prnimary containment:

e o A G O %

T Mi = e BRCEY e
54 RTd A RTs

¢= and Pyater vapor = ¢ Pvp

Equation 11 is the general equation to calculate the initial mass of noncondensible gas inside containment as a
function of initial pressure, humidity, and temperature. Amendment 9 analysis used Eq. 12 which 1s derived
from Eq 11 by setting drywell pressure equal to 14.7 psia (0 gage), wetwell airspace pressure equal to 14 7 psia

(0 gage), and drywell and wetwell humidity equal to 100% Equation 12 was used to calculate the Amendment 9
FSAR curves.

2 2
(147 - Pvd) (144 5"2- yWd (1847 - Pvs)(144 ") Vs
!

)
12 . L 2
Eq add RTd ! RTs
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Section 4.C.2 Eguations

Equations' 13a and 13b were used in the Amendment 9 analysis to calculate the percentage of *he original mass
of noncondensibles in containment after 1.5 days:

Eq 13a At 5% per day’ M," = (095)° M, = 0926 M,

Eq 13b At 0.5% per day M," =(0995)" M, = 09925M,

The above ratio’s for 5%/day and 0.5%/day were applied as a flat amount in Amendment 9 analysis. Although
conservative, this approach is unrealistic and arbitrary. FSAR Appendix R (Equation R 49) provides a rational
basis for calculating the leakage from containment based on the calculated pressure during any time step, and a
reference leakage at a reference pressure. This equation is presented as Equation 14

r 10.5

Eq 14 Mieak = Ly|~3 (atmosphere’s)
/
I : (ﬂ-—. ]
- I)T -
Where: Ly = Leak rate at reference pressure
(Ibm/unit time)
Py = Reference pressure in atmospheres
P = Containment pressure at time step in atmospheres

Equation 14 1s modified as shown in Equation 15 to calculate leakage as a function of pressure measured in
units of psia

- W 0.5
,_(1.4-_6_96)’

Eq. 15 Mleak = 17| ———— (psia

14.696)°
1)
L \ P] )

Only a portion of the mass leaked from the containment is gas since the mixture leaking from containment is a
mixture of water vapor and noncondensible gas. The humidity ratio “@" can be used to determine the amount of
dry gas contained in the vapor/gas muxture. This ratio is derived from the ideal gas law since Vair=Vwater (i ,
the water vapor and gas are homogeneously mixed in the containment volume (drywell and wetwell) and 7air -~
T'water (1 ¢, both the water vapor and gas are at the suppression pool temperature). Equation 16 which provides

the humidity ratio based on the ratio of gas and water vapor pressure 1s derived from the ‘deal gas law as
follows:
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Section 4.C.2 Eguations

w - Mwater _ Rgas Pwater _ 53.3 Pwater
mgas " Rwater Pgas  85.8 Pgas

o = 863 DN
Pgas

Pgas = Pc - Pvp

Pwp
16 @D =0.62] —=—
- Pc-Pwp

Since “myeqi " from Equation 15 i1s a mixture gas and water vapor where:

Mieak = Mwater + Mgas

and W = Twater
m

gas

Solving for and my, grer
Mwater = @ Mggs

Substituting @ mgqg for mygrep in the first equation yields:
Mleak = @ Mgqs + Mgqs

Solving for mggg yields:

_ Mieak

Equation 17 provides the mass of noncondensible gas in a mixture with total mass equal to mj.x and a humidity

ratio @.

The noncondensible gas remaining in containment at any time after the containment isolates 1s the imitial mass
minus the mass of noncondensible gas that has leaked. The remaining mass (Mr*) 1s calculated by the following

formula

Eq 18 - Mi- Z ""e“" (
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Section 4.C.2 Eguations

Equation 19 is used to calculate the containment pressure at any time as the sum of the partial pressure of the
remaining noncondensible gas and the vapor pressure corresponding to the suppression pool temperature

Mi*RIp( f*
19 Pe = — |+ Py
- T Vd Vs (144m 4
NPSHA is defined by the following terms

7

(m':’.,]

fi

Eq. 20 NPSHA = (Pc—Pvp)-———;—-———+Hz -H

The term (Pc-Pvp) represents the net pressure above the vapor pressure provided by the noncondensible gas
inside containment. Therefore:

Eq 21 Pgas = (Pc - Pvp)
NPSHA is calculated as follows, where Pgas 1s measured in feet of water:

2
[1445'3--]
7,

Eq. 22 NPSHA = Pgas —

+ Hz == Hsl
The containment pressure required to provide adequate NPSH is denved using Equation 20 by letting NPSHA
equal NPSHR and solving for the containment pressure Pc. When NPSHA equals NPSHR the containment
pressure is by defimtion equal to the required containment pressure Pc Reg'd

Eq 23 Pc Req'd = Pvp + (NPSHR - Hz + Hsl){

|m' 2]
22

I'he NPSH margin is the difference between the containment pressure that is available (calculated using
Equation 19) and the containment pressure required (calculated using Equation 23).

[ 2]
n

144 —
7
P

or NPSHM -~ NPSHA - NPSHR

Eq 24 NPSHM =(Pc - Pc Req'd)
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Section 4.C.2 Equations

The following three equations are general conversions used throughout this calculation:
of/)
.Y )
i~
SN
Ibm
A )
/

144[”%}}2)

Eq 27 T(°R) = T(°F)+460

Eq. 25 P( feet)=P(psi)

Eq 26 P(psi)=P( feet)
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Section 4.C.3  Benchmark Case

The calculation performed to prepare the curves currently presented in the FSAR is repeated to benchmark the
methodology. This case is the first case performed and is hereafter referred to as the “Benchmark Case™.

Per Amendment 9 to the FSAR, the following methodology 1s used:

] Calculate the iniual mass of air [or nitrogen| inside the primary containment assuming atmospheric
pressure and a 100% relative hunudity in both the wetwell and drywell. The itial drywell temperature
was assumed to be 150°F, and the wetwell temperature 80°F. The total mass is given by Equation 12

: Assume the containment leaked at a constant rate of 5% free vol/day for 1.5 days, the time required
following an accident for the pool temperature to return to 130°F with one RHR loop operating. The
reduced mass is then given by Equation 13a and 13b.

3 Due to flow through the drywell vents or vacuum breakers, the drywell and wetwell pressures will be
approximately equal, e, Pd = Ps.

4 The drywell and wetwell airspace masses and volumes can be combined and the containment (drywell
and wetwell) pressure calculated as a function of the suppression pool temperature for the following
reasons
a) Water from the pool is being pumped into the reactor vessel by a o~ve spray cooling system

pump. This water 1s heated by the decay heat of the reactor core and pours out of the vessel via
the break and into the suppression pool via the drywell vent system. The water which retums to
the wetwell 1s hotter than the suppression pool water by approximately S0°F.

b) Because of the large flow of water involved, the low thermal capacity of the drywell
atmosphere, and the slow time rate of change of the temperature of the water flowing through
the drywell, the drywell atmospheric temperature will track the water temperature

<) The drywell airspace temperature will always be hotter than the pool temperature because of the
clevated temperature of the break flow.

5. The containment pressure 1s then given by Equation 19,

6 The total NPSH available to the pumps 1s given by Equation 20
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Section 4.C.3 Benchmark Case

In following table the methodology used to calculate values plotted on FSAR Figure 14.5-10 1s repeated. Based on a companson, the values
contained in the following table and plotted on the attached Figure 2 are consistent with the resuits presented in the FSAR Figure 14 5-19. The
munor differences in calculated values are most iikely due to small vanations with inputs.

Table 9 - Benchmark Case Containment Pressure Available and Required at 0.5% and 5%/day Leakage

F145-10 | Eq 27 | Lookup | Eq I3a Eq. 19 Eq. 21 Eq. 13b Eq 19 |Eq 21 Eq 23
Mt* Mt @
5%/day Mr*AMt @ Pc Req'd for
Leakage | Pc@ 5% 0.5%day | Pc@ 6.5% INPSHA of 28
Time Pool Temp Tp Pvp Rate Leakage |Pgas (feet) | Leakage Rate | Leakage Pgas | Hz Hsl | feet (psia)
(sec) oL oR | psg | 09 (psia) 0o psia) | (feet) | feev) | geet

‘Values below | ; Values below : Values below i Values below
Cplotedon potedon ~ plotedon
g2 g2 Fge2 | e
09925 = 1469% 2968 125 42 1042
0.9925 1469 2966 125 42 . 1044
09925 | 14732 2961 125 42 = 1049
09925 | 14849 2970 125 . 42 . 1058
0.9925 14947 12977 125 42 . 1064 |
0.9925 15029 2982 125 42 | 1070
09925 . 15111 2988 . 125 ° S0
09925 | 15194 2994 125 .
 0.9925 15281 3000 | 125 | 42

09925 . 15351 3005 | 125

0.9925 15876 3039 @ 125 :

0.9925 16276 | 3062 125

T osms T iesss (30m1 12547 e
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Table 9 - Benchmark Case Containment Pressure Available and

ired at 0.5% and 5%/day Leakage

F145-10 | Eq 27 | Lookup | Eq 13a

Eq 19

Eq 21

Eq 13b

Eq 19

Eq 21

Eq 23

Mt*Mt @
5%/day
Leakage
Rate

29

Pc @ 5%
Leakage

|__pia)

Pgas (feet)

Mt*Mt @
0.5%/day
Leakage Rate
)

Pc @ 0.5%
Leakage
o

0.926

15993

28 88

0.9925

16.874

Hsl

ey

Pc Req'd for
INPSHA of 28
feet (psia)

42

12.09

0.926

16.220

2899

0.9925

17.104

42

1227

0.926

16.454

29.11

0.9925

17.342

42

0.926

16.703

29.22

09925

17.593

42

16.890

2931

0.9925

17.782

i 42

17.085

29.39

0.9925

17.980

42

| 4468 0.926
4633 0926

0.926

17.655

2963

0.9925

42

C 0926

e 6;5§g».»,....1...4..“

As

2976

2973

0.9925

42

09925

: 42

...

09925

09925

0

0.9925

i 42

0.9925

42

0.9925

42

0.9°25

0.9925

42

i 4.2

0.9925

42

0.9925

T

437 oos
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Section 4.C.3 Benchmark Case

In following table the methodology used to calculate values plotted on FSAR Figure 14 5-9 1 repeated, and the results of the recalculation are
plotted. Basedmampanson.dlcvaluaomtamedmﬂ\cfollowingtableandplottedonﬂlcanadwdFigureBa:eoonsistauwithd)emlts
presented in the FSAR and Amendment 9. The minor differences in calculated values are most likely due to small vanations with mputs.

Table 10 - Benchmark Case NPSH Available and Required
Eq 27 | Lookup Eq. 13a Eq 19 Eq. 21 Eq. 22
Pool Mt* Mt @ 5% | Pc @ 5%
Temperature | Tp Pvp Hz Hsl Leakage Leakage Pgas NPSHA NPSHR
) psia) [eet) (Jeet) (eet)
: i Valmbelowplﬁuedonﬁgmef& 'ValwbelowplﬁmdonFigm}

0926 | 14.959 83 | 366 28 i

0926 | 15993 | 289 372 28 i
0926 . 17219 . 294 377 8 ]

0926 18669 | 300 | 383 28

0926 . 2038 . 306 389 28

Eq. 27 | Lookup Eq. 13a Eq 19 Eq. 21 Eq. 22

Pool Mt*Mt @ .5% | Pc@ .5%

Temperature | Tp Pvp Hz Hsl Leakage Leakage Pgas NPSHA NPSHR
co_ | (R | puia) | geey | geey| (9 psia) | _(feet) ey et

: i i i i gValushelowplﬁuedonFig‘m 3 Valmbelowplﬁuedm Figure 3

0.9925
0.9925
09925
. 09925
.

S " 70 S - A B S

] . . Bl e
e e
322 405
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Total NPSH Available (Feet)

42

40

38 -

36

34

32

30 -

28

26

Leakage at 0.5% Vol/Day

Leakage at 5% Vol/Day

2 ® S R &
130 140 150 160 170 180

Suppression Chamber Pool Temperature {¥)
Note:
Drywell Initially Saturated at 150 F and O psig

Amendment 9 Benchmark Case
Current FSAR Figure 14 5-9 Total NPSH Available Rated Flow

Figure 3

190
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Section 4.C.4  Updated FSAR NPSH Analysis and Figures

The calculation performed to prepare the updated FSAR curves is fundamentally consistent with
that used in the “Benchmark Case” Revised inputs are utilized in this analysis per Table 8.

The following methodology is used:
1. Calculate the nitial mass of air [or nitrogen) inside the primary containment. The total
initial mass is given by Equation 11
2
[15.996 - (803.718))| (144" ) (147,000
ﬁ2

M’ = +
35330610

.3
[14.696 - (1.0 5069)] 144" ) (124,500
ﬁ.

=17316.12 Ibm
53.3(540)

2. Calculate the reference leakage rate 77

The reference leakage rate 1s a percentage of the initial mass of noncondensibles per unit
time. So for the 1%/day and 5%/day cases, the reference leak raie is:

Ly[i%)=17316.12 Ibm(.01 / day) = 173.16 lbm/ day or 0.002004 Ibm / sec
Ly[5%)=17316.12 1bm (.05 / day) = 865.81 lbm/ day or 0.010021 lbm/ sec

3 In successive steps from 100 seconds after the accident till the point of minimum NPSHM
1s passed, calculate:
a) mass leakage (water vapor + gas) from containment ( mjeqk ) using Eq. 15
b) relative humidity @ using Eq. 16
c) noncondensible gas leakage from containment ( mggy ) using Eq. 17
d) remaining mass of noncondensible gas in containment (A*) using Eq. 18
e) containment pressure (Pc) using Eq. 19.
This calculation 1s performed for a:
1%/Day leakage rate - Table 11 for a 65°F seawater temperature
Table 17 for a 75°F seawater temperature
5%/Day leakage rate - Table 12 for a 65°F seawater temperature
Table 18 for a 75°F seawater temperature

4 Using the same suppression pool temperature data and time steps from the previous step,
calculate the
a) pressure provided by the remaining mass of noncondensible gas in containment
(Pgas) 1s calculated using Eq. 21,
b) NPSHA using Eq. 22,
c) Pc Req 'd using Eq. 23,
d) NPSHM using Eq. 24




CALCULATION SHEET % Boston Edison PREPARED BY. P. Doody

CALC # WMme62 CHECKED BY: P.D. Harizi

REV E1 DATE  2/20/96

SHEET _ 42 of _&¢

These steps are performed separately for the RHR and Core Spray pumps. The results are
contained in the following tables:
RHR pump at 1%/Day leakage rate - 65°F Seawater Temperature (Table 13)
RHR pump at 5%/Day leakage rate - 65°F Seawater Temperature (Table 15)
CS pump at 1%/Day leakage rate - 65°F Seawater Temperature (Table 14)
CS pump at 5%/Day leakage rate - 65°F Seawater Temperature (Table 16)

RHR pump at 1%/Day leakage rate - 75°F Seawater Temperature (Table 19)
RHR pump at $%/Day leakage rate - 75°F Seawater Temperature (Table 21)
CS pump at 1%/Day leakage rate - 75°F Seawater Temperature (Table 20)
CS pump at 5%/Day leakage rate - 75°F Seawater Temperature (Table 22)

5. As in the Amendment 9 methodology. due to flow through the drywell vents or vacuum
breakers, the drywell and wetwell pressures will be approximately equal, 1e., Pd = Ps.
The drywell and wetwell airspace masses and volumes can be combined and the
containment (drywell and wetwell) pressure calculated as a function of the suppression
pool temperature for the following reasons:

a) Water from the pool is being pumped into the reactor vessel by a core spray
cooling system pump for the 65°F case (by a core spray pump and LPCI pump for
the 75°F). This water is heated by the decay heat of the reactor core and pours
out of the vessel via the break and into the suppression pool via the drywell vent
system. The water which returns to the wetwell is hotter than the suppression pool
water by approximately 50°F

b) Becausce of the large flow of water involved, the low thermal capacity of the
drywell atmosphere, and the slow time rate of change of the temperature of the
water flowing through the drywell, the drywell atmospheric temperature will track
the water temperature.

c) The drywell airspace temperature will always be hotter than the pool temperature
because of the elevated temperature of the break flow.
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Table 11 - Containment Pressure Available @ 1%/Day

Leakage Rate - 65°F Seawater Temperature

Eq 15 Eq 16 Eq 17 Eq 18 Eg 19
oy Mleak @ Mgas AT il Pe
(psia) (Ibm/sec) (Ibm/sec) sec) (ibg) (psia)
2.150 : 17316.12 16 049
2.150 0.00083 i 009 0.00076 100 17316.04 16.049
2331 000083 | 009 0.00076 100 1731596 16.301
2414 0.00089 0.104 0.00081 200 17315.80 16,415
2453 0 00092 0.107 0.00083 200 1731564 16469
0.00093 0.109 0.00084 400 1731530 16 665
0.00098 0115 0 00087 1000 17314 42 17.179
0.00107 0.131 0. 00095 2000 17312.53 17.929
000118 0.155 090103 2000 17310 .48 18 550
0.00126 0.175 0.00107 4000 17306.18 19.470
0.00136 0.205 0.00113 4000 17301 68 20.006
0.00140 0223 000115 2000 1729939 20.176
000142 | 0228 0.00115 4000 1729477 | 20287
0.00143 0.232 000116 4000 1729014 20.253
000142 0231 0.00116 6000 17283.21 20.067
0.00141 0.226 0.00115 5000 17127747 | 19.859
0.00139 0219 0.00114 5000 17271.76 19618
0.00137 0211 0.00113 20000 1124914 18541
000126 0177 0.00107 20000 17227.71 17.595
000114 O 147 0.00099 20000 17207 .89 16.795
0.00100 0.122 0.00089 20000 17190.05 16.241
0.00088 0.106 0.00080 20000 1717413 15.836
0.00077 0094 . 000070 10000 1716709 | 15673
" 0.00072 0.089 0.00066 10000 1716049 | 15540
0.00067 0.086 000062 | 20000 17148 11 15.307
00008 | 0079 0.00054 10000 1714275 15.197
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Table 11 - Containment Pressure Available @ 1%/Day

Lookup Eq 15 Eg 16 Eg 17 Eq 18 Eg 19
(seconds) (°F) ("R (psia) (Ibm:sec) (1bm/sec) riec) (Tbm) (psia)
1601 0.00053 0.076 0 00049 10000 1713785~ 15105
1547 000048 0074 0.60045 10000 1713340 15019
149 000043 0071 000040 10000 1712942 © 14937
1451 0.00037 0069 - 0.00035 10000 1712596 . 14865
1412 0.00031 0.067 000029 10000 17123.05 14799
. 000023 0066 000023 10000 17120.76 14.735
000015 0064 000014 10000 1711950 1469
0 00000 0062 . 000000 10000 1711935 146%
000000 0.060 0.00000 10000 1711936 | 146%
0 00000 0.059 0.00000 10000 1711936 1469%
0.00000 0.058 0.00000 10000 1711936 1469
000000 0.056 0 00000 10000 1711936 = 1469
0 00000 0055 | 0.00000 10000 1711936 146%
0 00000 0054 000000 10000 1711936 = 14.6%
. __0.00000 0053 0.00000 10000 1711936 146%
____ 0.00000 0052 - 0.00000 10000 1711936 = 146%
0.00000 0.051 = 000000 10000 17119.36 14 696
0.00000 0049 0.00000 20000 1711936 14.696
000000 0048 = 000000 20000 17119.36 14 696
. 0.00000 0046 = 000000 100000 1711936 14696
_______ 0.00000 0040 000000 100000 17119.36 14 696
i 0.00000 0.035 0 00000 100000 1711936 1469
000000 0.033 0.00000 100000 1711936 14.6%
£ 000000 © 0030 000000 100000 17119.36 1469
000000 : 0028 : 000000 20000 1711936 146% |
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Table 12 - Containment Pressure Available @ 5%/Day

Leakage Rate- 65°F Seawater Temperature

Lookup Eg 15 Eg 16 Eq 17 Eq 18 Eg 19
(seconds) (°F) (°R) (psiaj Thm/sec) (Tbm sec) (sec) (ibm) (psia)
2150 17316.12 16.049
2.150 0.00415 00% 000379 100 17315.74 16049
2331 000415 009% 000379 100 17315.36 16300
2414 N 0447 0.104 0.00405 200 17314.55 16414
2453 000461 0107 000416 200 17313.72 16.467
2.598 000466 - 0109 = 000421 400 17312.03 16.662
298 000487 0115 000437 1000 17307 .66 17.173
3.571 0.00535 0.131 0.00473 2000 17298.20 17.917
4.069 0.00591 0.155 0.00512 2000 17287 96 18.532
4825 000630 0.175 0.00536 4000 17266.52 19 436
F 5.275 000677 0.205 0.00561 4000 17244 06 19.957
5421 000699 0223 . 000572 2000 17232.63 20119
5518 006706 | 0.229 000574 4000 17209 65 20215
5492 0.00710 0.234 000576 4000 17186.63 20164
5340 000708 0233 | 000574 . 6000 17152.18 19 956
1 5170 . 000699 . 0227 . 000570 : 5000 17123 68 19729
4972 . 0006% . 0221 00055 5000 17095 43 19469
4103 000678 0213 000559  : 20000 16983 65 18319
3363 000617 0179 = 000523 20000 1687898 17307
2761 . 006546 0150 = 000475 20000 16784.02 16449
2362 . 000464 0125 000413 20000 16701 49 15847
2.080 0.00387 0.109 0.00349 20000 16631.72 15401
L9 G 000309 0097 . . 000& 10000 16603.53 15223
1882 - 000270 0.092 0.00247 10000 16578 84 15077
1730 000231 0089 000212 20000 16536 40 14 823
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Table 12 - Containment Pressure Available @ S%/Day Leakage Rate- 65°F Seawaier Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq 18 Eq 19
Time T{' PVP Mieak @ mm AT Mr* Pc

{seconds) (F) {ysia) (Ibm/sec) (Tbmsec) (sec) (Tbm) {psia)

190000 | 11925 | 57925 | 1660 000135 : 0082 9.00125 10000 | 16523.92 14709
L 200000 11800 . 57800 . 160l 000043 © 0079 0.00040 10000 . 1651996 . 146%
210000 @ 11675 i 1547 0.00000 0.076 0.00000 10000 - 1651996 146%
1496 0.00000 6073 0.00000 10000 1651996 14,696 i
1451 ~0.00000 0.070 0.00000 10000 1651996 < 1469 ¢

1412 0.00000 0.068 0.00000 10000 1651996 . 1469%

1372 i 0.00000 0.066 0 00000 10000 - 1651996 14 696

1333 0.00000 0.064 0 00000 10000 - 16519.96 14 69
1301 000000 0.062 0 00000 10000 - 1651996 ~  146%

1.276 0.00000 0.060 0.00000 10000 - 165199 14 696

1244 0.00000 0059 ©  0.00000 10000 165199 1469

1.218 0.00000 0.058 0.00000 10000 1651996 14.696

1.195 0.00000 0.056 0.00000 10000 1651996 14.6%6

1.170 0.00000 0.055 __0.00000 10000 16519 96 14 6%6

1.147 0.00000 0.054 0.00000 10000 16519.96 14 696

1.128 0.00000 0.053 0.00000 10000 16519 96 14 696

1.106 0.00000 0.052 0.00000 i0000 16519 96 14.696

1083 0.00000 0.051 0.60000 10009 1651996 14.6%6

1.051 0.00000 0.049 0.00000 20000 1651996 14 696

1017 0 00000 0.048 0.00020 20000 16519.96 14 696

0 881 0.00000 0.046 0.00000 100000 16519.96 14 696

0.791 0.00000 0.040 0.00000 100000 16519.96 14 696

0.730 0.00000 0.035 0.00000 100000 16519.96 14 696

0 682 0.00000 0033 0.00000 1060000 16519.96 14.696

0644 0.00000 0.030 0.00000 100000 16519 96 14 696

0636 0.00000 0.028 0.00000 20000 16519.96 14.696




CALCULATION SHEET
% Boston Edison

CALC & M662

REV E1t DATE

47

22888

8¢

SHEET OF

PREPARED BY P. Doody

CHECKED BY  P.D. Harizi

Table 13- U Analysis - Containment Pressure for RHR Pump NPSHR at 1%/D

Fl14.5-10 Lookup Eq. 19 Eq. 21

WM@FWTW

Eg 22 Eg. 23

Eq. 24

Pc Pgas

Time

Tp

Time p

(°
: Values below | :
. plottedon : i plotted on

Figure 4 . Figure 4
S U

: Values below

P.Req'd for
NPSHA of 23
feet

Hz Hsl NPSHA

i Values below
plotted on
Figure 4
U

Margin

i Values below
plotted on
Figure 5
U

7.76

194

L1288 615

2331 16.301 32.70 12.5 263 426 794 196
2414 1641 32.78 12.5 263 427 i 8.02 197
2453 16 469 32.82 12.5 263 427 8.06 19.7

198

6170 T 170 | 15307 [ 3169




PREPARED BY P. Doody

CALCULATION SHEET
% Boston Edison
CALC # M662 CHECKED BY: _P.D. Harizi
REV E1 DATE 2/28/96
sHEET 48 of 8¢
Table 13 - Updated is - Containment Pressure for RHR Pump NPSHR at 1%/Day L Rate- 65°F Seawater Temperature
Fi4.5-10 Lookup Lookup Eq 19 Eq 21 Eq 22 Eq 23 Eq 24
P.Req'd for
Time Time Tp p Pvp Pe Pgas Hz Hsi NPSHA | NPSHA of 23 Margin

15197
15.105

15019




CALCULATION SHEET

CALC #

ZZ Boston Edison

REV E1

SHEET

29

DATE  2/28/96

84

OF

PREPARED BY. P. Doody

CHECKED BY: P.D. Harizi

Table 14 - U

ed Analysis - Containment Pressure for Core Spray Pump NPSHR at 1%/Day Leakage

Rate- 65°F Seawater Temperature

F145-10 | Lookup | Lookup Eq 19 Eq. 21

Eg. 22 Eg 23 Eq 24

Time

(secs)

120000 33333 . 1323 0 6151 . 2362 16241
. 140000 ~ 3%889 . 1275 6159 | 2080 15836
150000 41667 1255 . 6162 | 1970 . 1S
160000 | 44444 | ‘

Time Pc Pgas Hz Hsl

P Pvp

(Ibm] @‘az

Tp

F)

- Values below
plotted on :
Figure 4
U

thours)

.

ja) 1) t
 Values below ’ :
. plottedon

Figure 4

P.Req'd for
NPSHA | NPSHA of 29

Jeet

Sl

i 3 sl

el
 Values below  Values below
. plottedon | plottedon
. Figuwred | Figure 5
U y

16049 .

10.23 136

188 616 . 2150 . 160
16.301

1041 138

16 415

10.49 139

16469

10 52 139

16.665
17.179

alfsscrerenrerarmsscess

1066
11.04

17929

11.61

18 550

S e

i 240
240 ¢
240 ¢
240

i 240




CALCULATION SHEET

CALC # Mme662

REV E1

sieer 50

DATE  2/28/96

or 84

%Bostonahon

PREPARED BY P. Doody

CHECKED BY. P.D. Harizi

Table 14 - U

ed Analysis - Containment Pressure for Core Spray

NPSHR at 1%/Day

Rate- 65°F Seawater Temperature

F145-10 | Lookup | Lookup Eq. 19

Eq. 21

Eq 22 Eq. 23 Eq 24

Time

25555 | 870 [ 6214 | 0636 | 1468

Fad Pvp P-

Hsl

P.Req'd for
NPSHA of 29
feet

NPSHA Margin




PREPARED BY. P. Doody

CALCULATION SHEET

%BoctonEtﬁcon

CHECKED BY. P.D. Harizi

CALC # M662

REV E1 DATE

S/

e

8¢

SHEET OF

Table 15 - Updated Analysis - Containment Pressure for RHR Pump NPSHR at 5%/Day Leakage Rate- 65°F Seawater Temperature

F14.5-10 | Lookup | Lookup Eq. 19 Eq. 21 Eg 22 Eq 23 Eq. 24

P.Req'd for
NPSHA of 23
Seet

U f)

Pvp Pe Pgas Hz Hsl NPSHA Margin

ia)

Time Time Tp P

(secs) rs) ' bm )

plotted on

: Values below :

a) 5

Values below
plotted on

Values below
¢ plotted on

. Values below
plotted on

Figure 4 | . Figure 4 | E . Figured | Figures
b oy | Fy f

194
196

7.76
7.94

125
125

88 Teise | 2150 | 16049
16.300 i

19.7
19.7.

8.02
8.06

35
125

16414
16 467

198
20.2

820
8.58

16.662 12.5

17.173 12.5 253

206
210

9.15
9.64

17.917 1375 0 125
18532 . 125

1039 214

19.436 12.5

10 83 216

19957 125

1097 = 216

0119 125

107

20215 12.5 216

11.04 216

20.164 12.5

10 89
1072

19.956 125
19.729 12.5

213

214

10.53 21.1

19.469 i2.5

967 204

18319 125

895 196

17.307 12.5

836
797
770

16449 12.5
5847 . 3157 | 125
15401 12.5

18.0

I8 4 -

7.59 178

18223 [ 125 0 263 | 408 i




PREPARED BY: P. Doody

CALCULATION SHEET

%m&ﬁon

CHECKED BY. P.D. Harizi

CALC # M662

REV. E1 DATE  2/28/96
SHEET 52 or &84

Table 15- U MW-CWWMRHRMNPSHR“SWM“’FWTW

F14.5-10 Lookup Lookup Eq 19 Eq. 21 Eq 22 Eq 23 Eq 24

P.Reg'd for

Time Time Tp P Pvp Pe Pgas Hz Hsi NPSHA | NPSHA of 23 Margin
feet

263 : 404 736 174
263 403 729 i 113

263 | 404 | 123 114
263 . 406 . 713 176 .
263 0 407 709 i 177
263 . 408 705 178
263 409 - 701 179 ¢
263 | 410 | 697 180
263 411 694 . 181 |

263 0 411 1 692 181
263 - 412 . 6%9

263 : 412 68
263 413 68 : 183
263 | 414 6.77 i
263 . 415 675 i 185 |
263 . 415 673 . 185
263 . 416 . 670 . 186
i 263 : 417 667 i 187
263 | 419 654 189
[ 263 [ 42 | 645 . W91
263 | 424 | 635 | 194
[ 263 | 45 | 630 | 195 |




CALCULATION SHEET

CALC #

REV E1

SHEET

>3

DATE

22888

or 8%

%mm

PREPARED BY: P. Doody

CHECKED BY: P.D. Harizi

Table 16 - U

Andysis-ComﬁnmeumnnforCmSpnyPunpNPSHRus%IDayLukge

Rate- 65°F Seawater Temperature

F14.5-10

Lookup

Lookup

Eq 19

Eq 21

Eq. 22

Eq 23

£q 24

160000

Time

oo
1. 0056 :
Lo - 1331

0.167

4444

972 1 1636 | 6092 . SIT0
RINTINN

16.667

Tp

| Values below

plotted on
Figure 4
U

le67 . 1537 | 6111 |
42778 i 1607 : :
. 3889 0 1645 | 6090 : 5275

33333

w889 | 1275

1288 | 6156 2150

Pc

 Values below

plotted on
. Figure 4
Y

Pgas

Hz

NPSHA

16049

P.Req'd for

Seet
)
: Values below
Figure 4
U

NPSHA of 29

Margin

| Values below
. plottedon |
Figure 5 |
u......“.......é

22 1460 6126 1 333 | 17307 | 27




CALCULATION SHEET

CALC #

REV Ef

54

SHEET

DATE  2/28/96

oF R4

ZZ Boston Edison

PREPARED BY P. Doody

CHECKED BY: P.D. Harizi

Table 16 - U

Analysis - Containment Pressure for Core Spray

NPSHR at $%/Day Leakage

Rate- 65°F Seawater Temperature

Fl14.5-10 Lookup Lookup Eq 19

Eq 21

Eq. 22

Eq 23

Eq. 24

P Pvp Pe

Hsl

eel,

NPSHA

er)

P.Req'd for
NPSHA of 29

feet

Margin

RLES.
T
1o

.....




PREPARED BY: P. Doody

CALCULATION SHEET
% Boston Edison
CALC # wmes2 CHECKED BY: P.D. Harizl
REV E1 DATE  2/29/96
sHeeT _ 55 @ oF _K¢
22 170
20 + 160
- 18 150
i £
= £
g 16 | 140 £
£
= :
g 4 130 %
s
= [
g | F
‘; 12 Containment Pressure —— T - 120 g
E for CS Pump NPSHR"~\ B
T : 7
& o b=l 110
Containment Pressure for
RHR Pump NPSHR " -
8 3 e o o o ) INMENASMMEE: MM RN RSN M B A 3 - 100
" Note: Based on 65°F Seawater Temperature 9%
00 0.1 10 100 100.0 1000.0
Time After Accident (hours)

Figure 14 5-10 NPSH Availability for RHR and Core Spray System After a DBA-LOCA

Figure 4



CALCULATION SHEET PREPARED BY. P. Doody

M862 CHECKED BY: P.D. Harizi

CALC #

REV E1 DATE  2/29/96

SHEET 56 o 8¢

25 1
i 3 - FIE -
-
20 ’
:-ﬁ, B 1— :
= o
- 1
- {
= !
= e i
£ 10 +—— —— ——
= Ligd o
s 1| B s ‘
Note Based on Case (B) Suppression Pool s H |
Temperature Curve Figure 14 5-7 ot an by i }
Based on 65°F Seawater Temperature | : et ¢
(‘ 4 - 4 |
00 01 10 10.0 1000 1000.0

Time After Accident (hours)

Figure 14 5-13 NPSH Margin for RHR and Core Spray System After a DBA-LOCA

Figure S



CALCULATION SHEET

CALC #
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REV E1

SHEET

57

DATE

oF _8¢

JmRe

%Bo.tonsthon

PREPARED ¥ P. Doody

CHECKED BY: P.D. Harizi

Table 17 - Containment Pressure Available @ 1%/Day

Leakage Rate - 75°F Seawater Temperature

Eq 15

Eq 16

Eq 17

Eq 18

Mieak
(lor/sec)

Mgas
(Ibm/sec)

Mt‘
(Tbm)

6693 16

19633 66

- 139876 91
151928 91

16400941 14210 60210

lfmﬂ 91 1509 6109 - 3802
127890 66 ' ‘ '

5975706 . 16640 | 62640 .

...........

17316.12

0 00074

0.00068

17316.05

0.00074

~ 0.00068

1731598

0.00078

1731584

T 0.00083

0.00097

1731568

17315.33

0.00111

000127

600134

591191 .f?’f 16910 62910 5870

1084791 17480 63480

0.00138

000141

000144

0.00146

1731435
17313.51
17312 64

1731175
1731085

17309.94

. oooiss

0.00152

U 17309.03
é “"l73m 61-..-..

918575 .

000153

9364.75

0.00154

9915.50

000151 | 0274
000147

1022600

10617.25

000142

10833 00

_0.00137

11053 .50

0.00133

11217.00

0.00129

0.00125

11426.25

11741.00

000121

000117

. 11859.75

1729369
1728250 |
17270.67
1725855
1724611
1723362 |
1722110
17208 66
17196 25
1718378 |
1717147 |

11986.25

17159.35

000113

- 1205200

17147 48

000108

12080.50

17135.89




PREPARED BY. P. Doody

CALCULATION SHEET
% Boston Edison
CALC # CHECKED BY P.D. Harizi
REV E1
SHEET
Table 17 - Containment Pressure Available @ 1%/Day Leakage Rate - 75°F Seawater Temperature
Eq 15 Eq 16 Eq 17 Eq 18 Eq 19
Time Mok o Migas AT Mt* Pc
172800 | 14080 | 60080 ....000106 : 0.135 0.00093 8790.59 . 17127.68 .16.980
;.. 259200 ; 0.00104 0.131 _.0.00092 86400 . 1704854 15.963
328600 000081 0102 . 000073 69400 . 1699767 15.573
0.00068 0091 - 000063 1000 16997.05 15.567
0.00068 0091 000063 1000 1699.42 15.562
0091 . 0.00062 1000 = 1699580 = 15557
0091 & 000062 1000 - 1699518 15552
...... 0091 | 0.00062 1000 16994 56 15.547
0091 . 000062 1000 16993 94 15.541
0.091 0.00062 1000 16993 32 15.536
0090 0.00062 1000 1699271 15.531
009 000061 1000 16992.09 15.526
009 000061 1000 1699148 15.521
00% 000061 1000 1699087 15.516
009 000061 1000 16990.26 15.510
009% 000061 1000 16989 65 15.505
0.090 0.00061 1000 16989 05 15.500
0 089 000060 1000 16988 45 15 495
0.089 0.00060 1000 16987 84 15.490
0.089 000060 1000 16987.24 15.485
0.089 0.00060 86400 1693556 15.128
0.080 0.00045 86400 16896.29 14 908
0075 = 000032 86400 16868 32 14.754
0071 = 0.00017 8640 16866 84 14.739
0071 . 0.00015 8640 1686556 14.725
0070 . 000012 8640 16864 51 14.711
0070 0.00009 8640 16863.76 14.697
0069 ©  0.00003 8640 16863.53 14 696
0069 0.00000 8640 1686353 1469




CALCULATION SHEET

CALC # WM662

REV E1

sHEET 59

OF

DATE

ZZ Boston Edison

CHECKED BY:

PREPARED 8Y' P. Doody

P.D. Harizi

Table 17 - Containment Pressure Available @ 1%/Day

Leakage Rate - 75°F Seawater Temperature

Eq 15

Eq. 16

Eq 17

Time
{seconds)

Mjeak
(Ibm/sec)

Mgas
(Ibm/sec)

0.00000

0 00000

..9:00000

0.00000

0.00000

0.00000

0.00000

0.00000

. 0.00000




CALCULATION SHEET PREPARED BY' P. Doody

CHECKED BY: P.D. Harizi

CALC # M662

REV  E1 DATE  2/28/96
sueer 60 of _P4

Table 18 - Containment Pressure Available @ S%/Day Leakage Rate- 75°F Seawater Temperature

Eq I8 Eq 19
AT Mt* Pe
(sec) (Ibm) (ps1a)

1731612 = 15.732
10184 17315.77 15.732
100.00 1731543 | 15877
20000 1731471 . 16.060
20178 1731395 16637
40000 1731221 17 435
100204 1730731 18616
. 78125 1730310 . 19248
. 78125 0 1729874 19.743
78125 1729430 20133

781.25 17289 80

| 669316

1044791 117480 | 63480 | 669
1963366 ‘

2899841

8164366

B TVCTINS O X TR 5 T

78125 . 1728527

1728070 &

1725866

9185.75

17204.16

9364.75

17148 42

9913.50

4913991 17040 | 63040 | 6051

1022600

10617.2

. do83300 |

11053 50

17029 58

16906 68

16845 48

11217.00

1678501

11429.25

16725.13

11741.00

16665 46

11859.75

1660720

16550 47

1205200

16495 69

1208050 1




PREPARED BY: P. Doody

CALCULATION SHEET
ZZ Boston Edison

M662 CHECKED BY: P.D. Harizi

CALC #

REV E1 DATE  2/28/96

SHEET & of R4

Table 18 - Containment Pressure Available @ 5%/Day Leakage Rate- 75°F Seawater Temperature

Eq 15

Eq 16

Eq 17

Eq I8

Time
(seconds}

Tp
(°R)

Pvp
(psia)

Mieak
(Ibm/sec)

Mgas
(Ibm/sec)

Mt‘
(Tbm)

259200

: 59030 :

2.951

0 00475

000417

16406 44

2243

0.00403

16058 51

. 3859% |
1.585%0 |
,.38584 |

0.00231

15898 45

15898 45

IS89845 1469

15898 45

1589845 | 1469%

15898 45

15898 45

15898 45

15898 4

15898 .45

1589845

1589845 | 146%

T 1s98 4s

15898 45

1589845

15898 45

15898 45

15898 45

15898 45

15898 45

1589845 | 1469

15898 45

..............................................



CALCULATION SHEET

CALC #

REV E1

SHEET 62

DATE

OF

ZZ Boston Edison

PREPARED BY: P. Doody

CHECKED BY

P.D. Harizi

Table 18 - Containment Pressure Available @ 5%/Day

Leakage Rate- 75S°F Seawater Temperature

Eq 15

Eq 16

Eq 17

Eq 18

Time
{seconds)

Pvwp
(psia)

Mieak

(Ibm/sec)

®

Mgas
(Ibm/sec)

Mt‘
(Ibm)

-

682560

864000

950400 | 1

665280
673920

0.00000

0 00000

ceiragecsieies

.15898.45

1589845

15898 45

1589845 1469

15898 45

Cassomas | 146%



PREPARED BY P. Doody

CALCULATION SHEET

ZZ Boston Edison

CHECKED BY: P.D. Harizi

CALC # M662

REV E1 DATE  2/28/96

SHEET 65 or R4

Table 19 - Updated Analysis - Containment Pressure for RHR Pump NPSHR at 1%/Day Leakage Rate- 75°F Seawater Temperature

F14.5-10

Lookup

Lookup

Eq 19

Eq. 21

Eq. 22

Eq 23

Fq 24

20184

60362
1003 .62

2786 91
434941
591191

1963366
28998 41

| 59757.16

389139110
4913991 . 13

Time

Tp

(°F

Values below

plotted on
Figure 6

40184 | 0112 | 12890

3S6816 0991 16270

176.70

Y6640 | 6087 | SSI8 | 20246 .

16260
15920

Pp

Pe

: Values below

Pgas

Hz

Hsl

NPSHA

P.Req'd for

NPSHA of 23

feet
ia)

. Values below

plotted on
Figure 6
U

Margin

Values below

plotted on

Figure 7
U

10184 T 0028 12470 | 6163 | 1929 |

758

l9.| .......

a7

T

192
A8
198

200565 | 0SS7 15420 6110 4l

513066 | 1435 | 16740 | 6085

1044791 12902 1T4R0 6068

17410 [ 6070 | 658
170.40 ; :

153 50

1160309 T 32231 | 15090 | 6117 | 3802 | 1814 | 3369 | 125 [ 263 | 436 | 9 1 06




CALCULATION SHEET

CALC #

PREPARED BY: P. Doody

%EE:lltuninlrnlEiiiluarn

CHECKED BY: P.D. Harizi

REV E1

€4

SHEET

DATE  2/28/96

or 8¢

Table 19 - U

edAndysis-CoalﬁumsunforRHRPmle‘S}anl‘/olDlyl,eahgeRue-'IS’FSuwatemeperm

Fi4.5-10 Lookyp Eq 19 Eq 21 Eq. 22 Eq. 23 Eq. 24

Time

L 1278907

1398769 | 388SS 14610 | 6126

1519289

94889
95167

52

P.Req'd for

NPSHA | NPSHA of 23

Pvp Pe

Toa0se . 2534 | el6 192 15521 3169 | 125 | 263 | 416 | 738
4333 . : | ‘ '

» 611

3444

96.000




CALCULATION SHEET

CALC #

REV

SHEET

E1 DATE  2/28/96

65 o _B4¢

%Boctonstﬁ-on

PREPARED BY: P. Doody

CHECKED BY: P.D. Harizi

Table 19 - U

ted Analysis - Containment Pressure for RHR Pump NPSHR at 1%/Day

Rate- 75°F Seawater Temperature

F14.5-10 | Lookup | Lookup Eq 19

Eqg. 21

Eq 22

Eq. 23

Eq. 24

L 6134400 : 170400 @
622080 . 172800 :
| 630720

63930 | 177600 | 1IS10 U678 | 147s T 697 | 08 | 125 |
| 645000 180000 ;: 1149 ; 6178 ;.. 146 (3083 ;| 125
| 656640 . 182400 11470 : 6178 | 145 | 146% | 3085

Time

secs)

665280

Time Tp P Pvp Pe

°F)

Hsl

eel
263

115.50
11530

682560 | 189600 . 11410
691200 |

263

NPSHA

el)

%7 [ .11

263

263

40.7

407

.i.283
263 |
[.263 |
263

408

P.Req'd for
NPSHA of 23
Jeet

Margin

407 1709 -

263

777600 T 216000 | 11190 | 6183 | 1348

28
..263

408

411

3N A T T A

408

N I T T

42 ex 182




CALCULATION SHEET PREPARED BY: P. Doody

Qg
?

CHECKED BY: P.D. Harizi

CALC # M662

REV E1 DATE

66 OF

e

&4

SHEET

Table 20 - U ed Analysis - Containment Pressure for Core Spray Pump NPSHR at 1%/Day Leakage Rate- 75°F Seawater Temperature

Fl4.5-1¢

Lookup

Lookup

Eq 19

Eq. 21

Eq 22

Eq. 23

Fq 24

Time

(secs)

Time

513066

. 92860 66

104289.9

T1160309 732231 15090 T6L17 | 3802 | 1814 [ 3369

Tp

(hours) F)

i Values beiow

plotted on
Figure 6
U

el

bm/]

Pvp

a

Pe

 Values below

plotted on
Figure 6
U

Pgas

el

Hz

eet)

Hsl

feel

NPSHA

1

P.Req'd for
NPSHA of 29
feet

: Values below
. plotted on
i Figure 6

U

Margin

. Values below

plotted on
Figure 7
U

12470 eled 1929

15732

423

1002 |

133

16661

15877

25

10.11

13.5

426

10.24

i3.6

16.639

431

10.64

141

17,438

436

11.23

146

18621

12.14

153

19.257

12.65

156

19.754

13.06

158

20148

13.38

16.0

20.455

13.63

16.1

20.716

20976

1407

A385 .

669316 | 1859 17070

5975716 | 16599 | 16640 .
7059016 |
8164366 .

21.666

1466

240 458 - 1508 168
240 457 1494 167
240 455 . 1455 - 165
2.40 452 | 1203 | 162

1351

L1304

1266

1235

1207




PREPARED BY P. Doody

CALCULATION SHEET
% Boston Edison
CALC # WM662 CHECKED BY  P.D. Marizi
REV E1 DATE 2/28/96
SHEET ¢ ofF B4
Table 20 - Updated Analysis - Containment Pressure for Core Spray Pump NPSHR at 1%/Day Leakage Rate- 75°F Seawater Temperature
Fl4 5-10 Lookup Lookup Eq 19 Eq. 21 Eq. 22 Eq 23 Eq 24
P. Req'd for
Time Time Tp p Pvp Pc Pgas Hz Hsl NPSHA | NPSHA of 29 Margin




PREPARED BY: P. Doody

CALCULATION SHEET

ZZ Boston Edison
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Table 20 - Updated Analysis - Containment Pressure for Core Spray Pump NPSHR at 1%/Day Leakage Rate- 75°F Seawater Temperature

F14.5-10 Lookup Lookup Eq. 19 Eq. 21 Eq. 22 Eq. 23 Eq 24
P.Req'd for
NPSHA of 29

Time Tp

(secs) thours) (°F)
A ——— v ——— " ——— > ]
. 613440 : 170400 @ 11570 @ 61.77
622080 : 172800 . 11550 | 6177
. 630720 @ 175200 : 11530
. 639360 : 177600 : 11510 G 6178 : 147
. 648000 - 180000 11490 © 6178 . 1467
. 656640 : 182400 . 11470 : 6178 : 1.
665280 : ' :
. 673920
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Table 21 - Updated Analysis - Containment Pressure for RHR Pump NPSHR at 5%/Day Leakage Rate- 75°F Seawater Temperature

F14.5-10

Lookup

Lookup

Eq 19

Eq 21

Eq 22

Eq 23

Eq 24

Time Time Tp

thours) {°F)

(secs)

plotted on
Figure 6
RS

__;._126 6.
1289

Values below

P

bm/|

Pvp

sia)

Pc

sia)

Values below |

plotted on
Figure 6
U

Pgas

el)

Hz

et)

Hsl

feet)

15877

17.435

NPSHA

el

P.Req'd for

NPSHA of 23

Jeet
ia)

. Values below
plotted on
Figure 6

Margin

el
Values below
plotted on
Figure 7
U

19.1

16060 | 3250 |

135 6”,[ el T 2578 16637

12

18616

19.248

19.743

941
. 513066
591191

6693 16
1044791
| 1963366
2899841
- 3891391
4913991
. 5975716

116030, 9{?

8 20437 |

20.133

1627

20695

20951

22.080

21360 '

20.687

20.009

18876

19.393

18.433

18043

17682
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Tuble 21 - Updated Analysis - Containment Pressure for RHR Pump NPSHR at 5%/Day Leakage Rate- 75°F Seawater Temperature

F14.5-10 | Lookup | Lookup Eg 19 Eg. 21 Eg. 22 Eq 23 Eq. 24
P.Req'd for
Time Time Tp p Pvp Pc Pgas Hz Hsl NPSHA | NPSHA of 23 Margin
Jeet
(secs) rs) (°F) ‘me ﬁ: @az E’a) eel, (feet et et) ja) eet
1 1278%066 | 35525 | 1484 ¢ 6122 i 3577 i 17352 i 3240 125 263 423 9.16 193
13987691 | 388SS . 1461 . 6126 - 3375 . 17051 | 3215 | 125 263 420 8.9 .. 19.0
(15192891 © 42202 . 1440 0 6131 : 3200 : 16783 319 : 125 | 263 418 . 8719 . 188
16400941 | 45558 1421 | 6134 . 3052 | 16SSo | 3169 | 125 | 263 | 416 . 865 | 186
' 5 ' : © 2951 © 16389 - 3154 125 © 263 414 @ 855 184
2243 15.167 3024 | 125 263 40.1 785 i 171
1994  146% 2969 125 263 96 761 - 166
1991  1469% 29.69 125 263 396 761 . 166
1.987 14.696 29.70 125 263 396 761 166
1.984 14696 29.71 12.5 263 396 760 166
i 981 14.696 29.72 12.5 263 396 760 . 166
1978 14 69 2072 | 125 263 196 760 166
1.975 1469 29.73 12.5 263 396 759 . 166
197} 14.696 29.74 125 263 96 : 159 16.6
1.96% 14696 29.74 125 263 396 7.59 166
1.965 14.696 29.75 12.5 263 | 396 7.58 16.6
1962 1469 29.76 125 | 263 396 7.58 16.6
1,958 14.696 29.77 125 | 263 | 396 758 166
1.955 14.696 29.77 125 263 | 396 757 i 166
1.952 1469 2978 125 | 263 396 757 . 166
1949 = 146% 29.79 12.5 263 397 757 167
1.945 14 696 29.79 12.5 263 397 75 167
1942 14 696 29 80 12.5 263 397 75 . 167
1939 146% 2981 | 125 263 397 75 167
1.7123 14696 3028 | 125 | 263 40.1 735 171
1597 ©  146% 30.56 12.5 263 04 723 1 174
1510 . 1469% 30.74 125 263 406 714 176
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Table 21 - U

ted Analysis - Containment Pressure for RHR Pump NPSHR at 5%/Day Leakage Rate- 75°F Seawater Temperature

F14.5-10

Lookup

Lookup

Eq. 19

Eq. 21

Eq. 22

Eq 23

Eq 24

Time

(secs)

613440 : 170400 : .7

622080

Tp

60720 | 175200 | 1153

Pvp

Pe

Pgas Hz

Hsl

eet
263

NPSHA

el
406

P.Req'd for
NPSHA of 23
Jeet
51
713

Margin

263 |
263

406 |

7.13

AT

263

263

....................

eeS20 | 184800 | 1145 6179 [ 14s)
,.673920 . 187.20C |

e 2-63

263

263

4. 268 §

263

263 | 410 |

3124 | 125

263
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Table 22 - U ed Analysis - Containment Pressure for Core Spray Pump NPSHR at § LedtgeRat&E‘FSawmrTw
F145-10 | Lookup | Lookup Eq. 19 Eq 21 Eq 22 Eq 23 Eq 24

P.Reg'd for
Time Time ir P Pvp Pe Pgas Hz Hsi NPSHA | NPSHA of 29 Margin
Jeet

. Values below | Values below
. plottedon | piotted on
. Figure 6 Figure 7
o2 133
Lo 138
1024 136
141

- Values below :
i plotted on
Figure 6

513066
591191
669316
104791
. 1963366
2899841
3891391
4913991
5975716
70590 16
92860 66

11603091 & 3223 »
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Tabile 22 - U Analysis - Containment Pressure for Core Spray NPSHRdS%IDqueR&&??FSumem
F14.5-10 Lookup Lookup Eq 19 Eq 21 Eg 22 Egq 23 Eq 24

Time Time

i 12739066 D 35525 0 1484 ¢ 6122 | 3577 17382 ¢
13987691 _ 38855 . 1461 6126 : :
15192891 .42 202 1440 - 6131
1 Hnowoﬂ__ 91833 :
3 “‘ l“x) : as 02 l ‘ I - et (IS DRI el i SNRIE (S =< g S S SS0%
333600 .92 667 1257 . 6162 | 1978 146% : 297.
% !3‘(«) 92 9“ PR \TEMNENGS . qeio o b SRS CAINY . S k.1 1 : : :
nsom: 04y 056 1253
| ‘“’6"0 R 6“
341600 0 94889 . 1252 | 6162
o 3‘2”’ e : ,...95 l67 Porevirasinifindil ~ARENCRRRPY .... " & Bes H +
. 432000____ '__‘120 ono :
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Table 22 - U

ed Analysis - Containment Pressure for Core Spray Pump NPSHR at 5%/Day Leakage

Rate- 75°F Seawater Temperature

Fi4.5-10 Eqg 19 Eg 21

Eq 22 Eq 23 Eq 24

613440

622080
630720

639360

[ S

656640

665280 |

673920

Poean

777600

864000

648000

682560
691200

Ip

P.Req'd for

NPSHA of 29 Margin




CALCULATION SHEET PREPARED BY  P. Doody

CALC # Mme82 CHECKED BY: P.D. Harizi

REV. E1 DATE  2/29/96
SHEET 75 of &4

Primary Containment Pressure (psia)

Note: Based on 75°F S&v;rata Tempuature

6 e '
0o 01 10 100 100.0

Time After Accident (hours)

Figure 14 5-XX NPSH Availability for RHR and Core Spray System

Figure 6

10000

Suppression Pool Temperature (°F)
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25
20
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0
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B
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Z
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NoteBascdonSuppmss:onPool -,‘
Temperature Curve Figure 14 5-XX ol T i ol
Based on Seawater Temperature of 75°F. . L4 L4 bl N T
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00 01 1.0 100 100.0 10000
Time After Accident (hours)

Figure 14 5-XX NPSH Margin for RHR and Core Spray System After a DBA-LOCA

Figure 7
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Thus table contains calculated values of NPSHA and NPSHR for RHR and CS pumps as presented
on FSAR Figure 14 5-9. Containment leakage is not considered in this calculation (i¢.,
containment leakage 1s assumed equal to zero)

Table 23 - ECCS Pump NPSHA Over a Range of Pool Temperatures and
Zero Containment Leakage

Core Spray Pump

Eq 27 | Lookup Eq 19 Eq 21 Eq. 22
Suppression Pool 0%
Chamber Pool Leakage cS
Temperature Tp Pvp Pe Pgas Hz Hsl NPSHA | NPSHR

(°F) (°R) (pyia) (psia) (feet) (feet) (feet) (feet) (feet)

Values
below
plotted on’
Figure 6
-

{ ; 29 i
i o ma 6300”?” ...5 = ,20 R T M T R A e e :

W80 600 1781122620 | 35914 T THas 240 |
9o 165001 9340 | 24688 | 36620 | 125 | 240 [ 4672 |

RHR Pump

Eq 27 | Lookup Eq. 19 Eq. 21 Eq. 22
Suppression Pool 0%
Chamber Pool Leakage RHR

Temperature 1p Pvp Pc Pgas Hz Hsl NPSHA | NPSHR
(°F) (°R) (psia) (psia) (feet) (feet) (feet) (feet) (feet)

= | | ' ' . Values = Values |

. below | below |
plotled on plotted on
hgure 6 hgure 6

TR UM | s a6 ek
180 6000 1 2889 117084 3323 1128 1263
iso 6100 3721 18122 33890 125 263

160 6200 | 4746 | 19382 | 34555 | 125 | 263 | 4442 | i3
10 '1 6300 5995 | 20868 35228 125 = 263 | 4510 3
N RN BT RN R T B

190 6500 9340 | 24685 | 36620 125 263 | 4649 23
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sHeeT 78 oF _R4
50
Mimimum NPSHA with Zero Containment Leakage as a Function of Pool Temperature
———
45 1
40
é 35
X
=)
=
3 30 NPSHR for Core Spray Pump
=
W
A
z
w 25
é NPSHR for RHR Pump
20
15 Note Imtial Conditions:
Drvwell 150°F, 80% R H , 1.3 psig, 147,000 cu. fi.
Wetwell 80°F, 100% R H_, 0 psig, 84,000 cu ft
10
130 140 150 160 170 180 190

Suppression Pool Temperature (°F)

Figure 14 5-9 NPSH Availability for RHR and Core Spray System

Figure 8
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33 FSAR:

a) Table 5.2-1 Primary Containment System Principal Design Parameters and
Charactenistics

b) Section 14.5.3.1.2 Containment Response

c) Section 14.5.3.1.3 Core Standby Cooling System Pump Net Positive Suction Head

d) FSAR Figure 14.5-7 Loss of Coolant Accident Suppression Pool Temperature
Response

¢) FSAR Table 14 5-1 Loss of Coolant Accident Primary Containment Response
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Rev. EO
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“Calculation of Imitial Suppression Chamber Pool Volume at
HWLper TS37A 1m”

36. GE Specification, 22A5756, Containment Data, Rev. 3, February 1982
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Thacker to F. Mogolesko, February 9, 1996 with Attachments, (SUDDS/RF96-05).
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INDEPENDENT DESIGN VERIFICATION RECORD (1DvR)  CALC M-G62 Rev. E4

ATTACHMENT 4
5 Instructions to independent personnel p‘S‘ ﬂor_&i_
Jesign Documents: Mee £l CALC,
(Document No.) (Rev.) (Document Title)
(Document No.) (Rev.) (Document Title)

Design verification should be done in accordance with ANSI N45.2.11. Section
6, as amended by Reg. Guide ]1.64, Rev. 1.

Verification Methods to be used; Document(s) “"Q" Level:
v/, Design review v’ Q

. Alternate or simplified calculations
. Qualification Testing FP-Q

Non-Q
Special Instructions: R

T howzs AT
y ol A O/ 2-29-9¢
Div.Manager Date

I1. Verification Documentation:
Method Used:

V/Bgsign review (attach any documentation)
Alternate or simplified calculations (Attach calculations)
Qualification testing (Attach Test Report)

Design Document Acceptable: YES b///, NO

If not acceptable, give reasons or provide comments on Exhibit 3.06-8:

Independent Design Verification check completed by

(Signature): 49‘\— 7h j’J/u-J-. 3/20/96

Independent Reviewer Date

Date
Acknowledgment of verification: M 3)[9_5_‘274)
ivision Manager ate

1I1. Resolution of comments:
Comments resolved (See Exhibit 3.06-B):

_ﬁD_Hm?«__ 3-20-% _
Cognizant Engineer Date

Action taken makes design document acceptable

ld Pl _y2ofnc

ndependent ReQweuer Date

Exhibit 3.06-A Rev. 7




CALC M-662 Rev. EL

Calculation - Independent Verification Statement R %WMHMEMT i
i ¥ nt Reco
Fage 83 of 8%

Calculation # Muk >, Revision # ¢4 has been independently verified by the following
method(s), as noted below:

Mark each item yes, no or not applicable (N/A) and initial each item checked by you.
Design Review [¥ including verification that:

o Design inputs were correctly selected and included in the calculation.

« v~ Assumptions are adequately described and are reasonable.

* NA Input or assumptions requiring confirmation are identified, and if any exist,
the calculation has been identified as "Preliminary” and a "Finalization Due
Date" has been specified.

e N Design requirements from applicable codes, standards and regulatory
documents are identified and reflected in the design.

*NA gpplicable construction and operating experience was considered in the

esign.

ey~ The calculation number has been properly obtained and entered.

0/ An appropriate design method or computer code was used.

e v~ A mathematical check has been performed.

. / The output is reasonable compared to the input.

Alternate Calculation {_] inciuding verification of asterisked items note~
above. The aiternate calculation ( pages) is attached.

Qualification Testing [] for design feature including verification of
asterisked items noted above and the following:
The test was performed in accordarice with written test procedures.
Most adverse design conditions were used in the test.
Scaling laws were established and verified and error analyses were
performed, if applicable.

. Test acceptance criteria were clearly related to the design calculation.
Test results (documented in ) were reviewed by the calculation
Preparer or other cognizant engineer.

Independent Reviewer Comments: See Astached Sheet

s o TN Nowt 3/20/%6

Independent Reviewer /Date
Preparer concurrence with s [ U 3-20-96
findings and comment resolution Preparer or Other Cognizant Engineer

Note: Exhibit 3.08-B (Sheet 3 of 3) may to used for additional comments by IV as a
part of the independent Verification for calculations.

M662
NESD 308 Rev 7
Page 24 of 24




CALC M-662 Rev. E1
ATTACHMENT 1

Page 840oF 84
COMMENTS RESOLUTION
~N)Seckon 2.0 ~ States " The RHE THE CoNTAINMENT PRESSURES IA)

anol Core § re PJmps are provided
ade uﬂf('. Nﬂgz; uno’ar o’cs: N (DMJ 4'0'35
at *"‘c peak pool +empera4vf¢— with

+he ;m-#...l wet wed ) pressure of Osf"‘b

where s Section 4 -Tﬂf“h Table ©
S9 s 'mf'ﬂ( we twell Pressure of
0?9'5 Ex{s)qn\ +\vc OIIW(F”W’(L-

€>AlSo r()f' #lqe 750F Se-w"“"
e ths ogered

Contuinment P‘q(‘(’wc ror csS (um

/fa'yf0'¢ *wl

NbsH exceeds 147 Ff.h  Shoevl
we ctade — db L o ﬂéca L
Mee ‘oay Cw' b ! aaol
this g aeceplable

TABLE 8 ARE 1,3P5ig DRYWELL AND
O PSIG WETWELL . GWHEN THESE EQUALIZE,
THE RESUT IS 0.5 PSIC IN CoNTAW -
MENT. A WEW SEcrioN 3.C.5 wAs
ADDED TO CALCULATE THIS AND
EXPLAIN THAT AFTER A REACTOR
BLOWDOWN THE DRYWELL A ND
WETWELL EQUALIRE TPRESSVRE,

REG. GUIDE 4.1 IS NOT PART oF
THE PNPS LICENSING oR DESIEN
BASIS. HowEVER , THE REG. GUIDE STATES
ADEQUATE NPSH BE PRovIDED
ASSUMING  No INCREASE TN CONTAIN-
MENT PRessSURE FRoM THAT PRESENT
PRIOR TO PoSTULATED Loss ofF (CoolANT
ACCIDENTS ", Ty pomINAL DESIEN
CoNDITION, I.E., WITHoUT DEBRIS
CLOGGING EFFECTS, MEETS THIS
CRITERIA AT A |78 °F PooL TEMP=
ERATURE ()TH THE 0.5 P5I6 CON=
TAINMENT PRESSURE THAT £xISTS DUE
To INITIAL MASS AS SHowA IN NEW
secTioN 3.C.5.

Exhibit 3.06-B (Sheet 3 of 3)

Rev. 6




