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Figure
Number _ Figure Description

Evaluation of Sump Hydraulic Performance
Amendment 9 Benchmark Case - Original FSAR Figure 14 5-10
Amendment 9 Benchmark Case - Onginal FSAR Figure 14 5-9

FSAR Figure 14 5-10 NPSH Availability for RHR and Core Spray Pumps
After a DBA-LOCA 65°F Seawater Temperature

5 FSAR Figure 14 5-13 NPSH Margin for RHR and Core Spray Pumps
After a DBA-LOCA 65°F Seawater Temperature

6 FSAR Figure 14 5-18 NPSH Availability for RHR and Core Spray Pumps
After a DBA-LOCA 75°F Seawater Temperature

7 FSAR Figure 14 5-19 NPSH Margin for RHR and Core Spray Pumps
After a DBA-LOCA 75°F Seawater Temperature

8 FSAR Figure 14 5-9 Total NPSH Available at Maximum Flow
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1.0 Statement of Problem

This calculation provides an analysis of NPSH conditions for the RHR and Core Spray
Pumps during performance test conditions and determines the margin for NPSH available
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 occar 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 L OCA conditions to determine
the minimum margin that will be available to accommodate potential degradation of the
suction strainers from LOCA-generated debris A fixed amount of margin is subtracted
from the total available and is used as the basis for the maximum allowable strainer head
loss at normal conditions to be applied during pump In-Service Testing (IST)

It is necessary to perform a time dependent analysis of NPSH conditions following the
DBA LOCA using the predicted suppression pooi temperature profiles and postulated
values for containment leakage to determine the minimum NPSH margin 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 Results from the analysis are
presented in new FSAR figures showing the minimum NPSH margin for the low pressure
CCCS pumps following a DBA LOCA

2.0 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 flow rate

Tables 5. 6, and 7 provide calculations of the a ailable NPSH and margin for suppression
pool temperatures of 130°F, 166°F, and 185°F These are the suppression pool
temperatures at the start and at the peak for the 65°F and 757F heat sink design cases
[Refs 10 & 37] Table 8 gives the available NPSH at the point of minimum NPSH margin
during the Suppression Pool cooldown when containment pressure drops back to 0 psig

With the suction conditions degraded due to LOCA-generated debris. a positive NPSH
margin must be maintained at the peak pool temperature based on the corresponding
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wetwell pressure shown on Figures 4 and 6 (described below) Evaluation of the ECCS
pump NPSH conditions with LOC A-generated debris is included in Ca’ .ulation M-734
[Ref 39] Conditions associated with the DBA LOCA are used because this event
produces the highest peak in suppression pool temperature

Table 8 provides 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 128°F data corresponds to the 5% per day leakage case at the peint of minimum
margin when the containment pressure has decreased to atmospheric pressure for the 65°F
heat sink design case  The 124°F data corresponds to the 1% per day leakage case and
the 132°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.

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 (5%/day)

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 to meet the NPSHy for the pump 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 39 hours after the accident at which time Core Spray pump
margin is approximately 10 6 feet The mimmum RHR pump margin occurs at the same
time and is approximately 11 7 feet For the 75°F heat sink case. the point of least margin
for the Core Spray pump occurs during the suppression pool cooldown, approximateiy 72
hours after the accident at which time Core Spray pump margin is approximately 10 0 feet
The mimmum RHR pump margin occurs at the same time and 1s approximately 11 2 feet
From these total NPSH margin values. 2 feet are deducted and the remamning margin 1s the
minimum available for accornmodating LOC A-generated debris on the suction strainers

Based on the information pr:sented, substantial 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  To complete an analysis for the adequacy of NPSH available
to the RHR and Core Spray pumps. a debris head loss analysis must be performed for
comparison to the margin for NPSH available presented in this calculation  The debris
analysis and comparison to the NPSH margin is included in Calculation M-734 [Ref 39]
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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 (1ST) The calculation for
suction head loss is repeated at the predicted accident conditions for wetwell temperature,
pressure, and pump flow rate  This calculation predicts the NPSH available at the ECCS
pump suctions under accident conditions and the resulting margin between NPSH
Available and NPSH Required

A number of variables determine the margin for 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)

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 minimum margin for NPSH available to the ECCS pumps
following the bounding DBA LOCA A fixed amount of the total available margin is used
to calculate the maximum pressure drop that may be allowed during routine pump
performance testing The allowable pressure drop for the test conditions is based on the
calculated suction line losses at the accident conditions for wetwell temperature, pressure.
and pump flow rate

The pressure drop at the test conditions (Piaci-sianc = Puaaikowans ) 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 = Piace-stane = Poagr kivor = Suction Line Pressure Drop + Velocity Head
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I'he allowable suction dP 1s a fixed amount of NPSH margin allocated for surveillance
testing purposes and must be of sufficient magnitude so that it 1s within a reasonable

measurement range considering testing accuracy and repeatability

Input Data and Assumptions

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

I'he head iosses due 1« pipe fittings are in accordance with | Ref

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
I'he strainer charactenstics are u

I'he design basis accident condition

[Ref 10, 37

'he 5600 gpm RHR Pump flow rate is the runout flow for single pump operation. 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 runout
flow rate assumed in the accident analysis (4100 gpm) plus a mimimum flow recirculation
flow rate of 300 gpm [Ref 11, 12]

I'he following assumptions apply

['he RHR




CALCULATION SHEET 2% Bogeon Edison " "EPARECEY _Phit
CALC #  M662 CHECKED BY: o201

REV. E3

DATE 25-NOV-87

SHEET 2 OF 103

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

K

resistance coefficient for velocity head loss calculation

¢ rate of flow (gpm)
V mean velocity of flow (ft sec)
h velocity head (ft)
hives head loss due to flud flow through valves and fitings (ft)
Wy sTraner head loss due 1o flow through a clean suction strawier (ft)
hy piee head loss due to flow through suction pipe (ft)
hs total head loss due 1o fiow in the suction line with a clean suction strainer (fi)
p density (Ibm ft')
2 acceleration of gravity equal to 32.2 ft sec”
dr pressure drop at pump suction (psi)
a cross sectional area of pipe or orifice, or flow area in valve (')
A cross sectional area of pipe or orifice, or flow area in valve (fr')
d internal diameter of pipe (in)
D internal diameter of pipe (fi)
3 absolute roughness (in)
el relative roughness
4 friction factor in Equation 5 read from Moody diagram [Ref. 7]
L length of pipe (ft)
LD equivalent length of a resistance 1o flow, in pipe wiameters
v kinematic viscosity (ft sec)
Head Loss Formuias
{0+ 174805 x 1 60)
y = 2
A
Velocity Head
y?
h:‘ - "ﬂ"’ / (l -

~&
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Clean Strainer Losses

I'he clean strainer rated pressure drop was taken from Calculation M-667 [Ref 38] and used t«

generate a table of values at different flow rates by using a flow-squared relationship
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  4ded to obtain the total K

tactor for the valves and f\iH:HL'\ in each suction line

Total Line Loss

Pump Suction Pressure Drop
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3.C.2 Net Positive Suction Head Calculation

Definition of Terms

NPSH, = Net positive suction head available at the centerline of the pump inlet (fi)

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

NPSH, Net positive suction head margin; NPSH, - NPSHy (ft)

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

hs < Dynamic head loss caused by flow through a clean suction strainer and the
suction line (fi)

Troo: < Temperature of the suppression pool water ()

Pc = Primary containment positive pressure (psig)

Pw = Saturation vapor pressure at the temperature of the pumped flud (psia)

Vsp Specific volume of fluid (fr' Ibm)

Equations

The NPSH available to the RHR and Core Spray pumps is

NPSHA = hz i hSl + [(l4 696 + P — l""])yl44x"sp )] I"q &

The margin for NPSH availabie is
N, ,SH T s N'PSH ¥ g NI ,SH R [.q Y
Total Available Margin is the arithmetic difference between the NPSH available and required as

defined above Available Margin for LOCA Debris is equal to the Total Available Margin minus
the fixed head loss of 2 feet allocated for pump in-service testing

Constant Inputs

NPSHy RHR Pumps: 27 feet at 5600 gpm [Ref 6]
Core Spray Pumps: 29 feet at 4400 gpm [Ref. 5]

h; 12.5 feet from minimum normal suppression water level (-3°07) to the pump inlet
centerline at (-15'6")

Pip From the ASME Steam Table | “Properties of Saturated Steam and Saturated

Water (Temperature) ™
Vo Same as above
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3.C.3 Sump Hydraulic Performance

Sump hydraulic performance, with respect to air ingestion potential, can be evaluated on the basis
of submergence level and inlet velocity Submergence level refers to the water depth above the
suction stramner outlet and inlet velocity is the water average velocity entering the strainer outlet
pipe. These parameters are expressed nondimensionaliy as the Froude Number

Froude Number = —L-

V&S
V mean velocity of flow (ft sec)
s < water depth above strainer outlet pipe (ft)
g acceleration of gravity equal to 32 2 ft sec

For BWR’s, the air ingestion is zero for Froude Numbers less than 0 8 with a minimum
submergence of 6 feet [Ref 3] The limiting case for the Pilgrim ECCS suction strainers is the
suction line to the RHR pump from the common ECCS strainer since the RHR velocity is greater
than for the Core Spray pump, with the evaluation as follows (refer to Figure 1)

EL -3'0" = minmimum torus water level
EL -12'3" = strainer core pipe outlet top of opening
769 fisec = RHR inlet pipe mean velocity ‘a 5600 gpm (11> 17.25")
. ; 769
Froude Number = . = 045

J(322)(1225-300)

Froude Number 0 45 < 08 and submergence 9 25 ft ~ 6 fi

Air ingestion potential = ZERO
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3.C.4 Maximum Allowable Pump Suction dP @ IST Conditions

\ I'he maximum allowable pump suction pressure drop as measured at the IST testing conditions is
based on the total suction head losses ;‘I‘-.x\ the additional fixed head loss of 2 feet at the accident
conditions for wetwell ‘empeiature, pressure, and pump flow rate  The total suction head loss
(hg ) 1s calculated at both the IST conditions for temperature and pump flow rate and for the

accident conditions The fixed head loss of 2 feet at the accident conditions 1s used to calculate a

maximum dP for the test conditions that will ensure that NPSH meet or exceed the available
margin for LOCA debns at the accident conditions using the foliowing relationship <
n P . \ .
dal’ (h t N ) X (/7 /1 ) / X (p 144 ) /g
[ f / ,
dPy Maximum allowable suction pressure drop at ndinions (psi
¢ h Fixed head loss of 2 feet at accident conditions allocated to pumy

In-Service Testing (1ST) (ft)

h . Suction head loss at accident conditions (ft -
" Suction head loss at 1ST conditions (11

h Velocity head at IST conditions (ft

Io, Density at IST temperature (Ibm ft

3.7.5 Containment Initial Cozuditions

‘ I'he mmitial condicions assumed for containment temperature and pressure prior to a DBA-LOCA

are detcrmined in accordance with BECo Calculation M-748 [Ret 4
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(P + 130690) - (@hp (Vi praain”

M (Wetwell)
p R(T;

i ft-lbf/lbm-"R
‘-J "\l(l o ‘\ ‘

| psia (4 85 }

% cid
613 lom

Dryweil
Wetwell Airspace 8.702 Ibm

Total Noncondensible Gas 6.315 Ibm

tact t 1)

The value of 16315 Ibm 1s used as the mnitial nitrogen mass inside containment at the start of the

DBA-LOCA This mass of nitrogen 1s based on a Drywell volume of 132,000 ft* which 1s
]

conservatively low value for determining the minimum credible initial mass The DBA-LOCA
involves a breakdown of the reactor vessel pressure boundary with wLH‘\L‘\]UL‘M flooding of only
the core volume within the reactor shroud Therefore, the Drywell volume used to calculate the
containment pressure /- after a DBA-LOCA is conservatively based on the larger volume of
147,000 fi" as was used in the onginal FSAR NPSH analysis
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Evaluation of Sump Hydraulic Performance

2 Strainers w/ 2 RHR & 1 Core Spray Suction Nozzle¢
Stacked Disk Construction with Horizonta! Core
Strainer Screen Area = 670 ft* Each

Screen Openings = 1/8" Diameter 40% Open Area

Rated Head Loss = 0 5254 psi at 10,000 GPM




Table 1 - Input Values

Friction Factor f for 18" Fitt;. s =

Piping Absolute Roughness e (in) =
e (ft)=

0012

0.006

0.00050

{K Values (Crane)

! 45EL | 90LREL | 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 00120 00120 00.20 00120 00120 00120 00120

K =(/D)*f;, FOR 18" FITTINGS €120 0.168 0240 0.720 0 240 0.096 0.300

K Values (Calculated) | S6EL | 64EL | Flex Joint |

Effective L/D for Titting 124 142 8

f; Turbulent Flow Friction Factor 00120 0.0120 0.0120

K={UD)*f, FOR 18" FITTINGS 0143 0170 0.096

[K Values (Crane) | Expand | Reducer |

Effective K for Fittings Pipe Eccentric

Independent of Friction Factor 16 x 17.25 18 x12

K = fixed 0036 0.090

RHR and Core Spray Pumps Flow Loss (psi) Loss (ft)

Suction Strainer Loss (Clean)
3000 0047 0112
3500 0057 0136
3600 0.068 0.161
3750 0074 06.175
4100 0088 0208
4400 0102 0241
4600 o1 0263
4800 0121 0.287
5000 0131 0311
5100 0137 0324
5600 0165 0.390

Rated delta 0 5254 psi at 10000 gpm 10000 0.525 1245

RHR/CS NPSH Calc 25-NOV-97 File = RHRSSTO03 XLS

a
“l B

B
Q

b
d-
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Table 2 - Pump Suction Line Conﬁguralion

133HS

2l
PERNGT

40

fol

L Length |d Diameter | O Diameter| a Area Area Pipe
Pipe No (fr) (inches) (ft) (in’) (%) Pipe Class | Schedule
CS A-1 790 1725 144 23371 162 18"-HL/MHD Std
CSA-2 10 1125 094 99 40 069 12"HD'  Std
CS B-1 780 17.25 144 233.71 162 18"-HUHD Std
CsS B-2 10 1125 094 39 40 069 12HD  Std
RHR A 940 17.25 144 23271 162 18"-HUHB Std
RHR B 56 0 17.25 144 233.71| 162 18"-HLHB Std
RHR C 56 0 17.25 144 23371 162 18"-HLHB Std
RHR D 94 0 17.25 144 233.71 162 18"-HL/HB Std
Valve or CS A1 CS A-1 CS A-2 CSA-2 CS B-1 CS B-1 csSB-2 csB-2
Fitting Count K Count K Count K Count K
45 EL 4 0 480 0 0.000 4 0480 0 0.000
90 LR EL 1 0168 0 0000 1 0.168 0 0 000
90 SR EL 3 0720 0 0 000 3 0.720 0 0000
56 EL 1 0 149 0 0.000 1 0.149 0 0.009
Flex Jownt 1 0 096 0 0 000 1 0096 0 0000
Tee Branch 0 0 000 0 0 000 0 0.000 0 0000
Tee Run 1 0240 0 0.000 1 0.240 0 0000
Gate Valve 1 0.096 0 0.060 1 0.096 0 0.000
Butterfly Valve 1 0.300 0 0 000 1 0.300 0 0.000
Expand 1 0036 0 0.000 1 0.036 0 0.G00
Reducer 0 0 000 1 0 090 0 0.000 1 0090
V&F Total K = 2285 0.090 2285 0090
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 EL 3 0 360 3 0 360 3 0.360 3 0.360
90 LR EL 4 0672 2 0336 2 0.336 4 0672
90 SR EL 0 0 000 0 0 00C 0 0.000 0 0.000
56 EL 0 0.000 1 0.149 1 0.149 0 0.000
64 EL 1 0170 0 0.000 0 or"g 1 0170
Flex Joint 1 0096 1 0 096 1 0.096 1 0.096
Tee Branch 0 0.000 0 0 000 0 0000 0 0.000
Tee Run 1 0240 1 0.240 1 0240 1 0.240
Gate Valve 1 0 096 1 0 096 1 0096 1 0096
Butterfiv Valve 1 0 300 1 0300 1 0.300 1 0.300
Expand 1 0036 1 0036 1 0.036 1 0036
Reducer 0 0 000 0 0 000 0 0000 0 0.000
V&F Total K = 1970 1613 1613 1970

RHR/CS NPSH Calc 25-NOV-87 File = RHRSSTO02 XLS
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Table 3 - Pipe Line Losses

(Eql) (Eq3) (Ref 8) (Ref 7) (Eq4) (Eq 5)
Valves &
Reynolds | Pipe Relative Pipe Fittings Pipe
Flow Rate | Velocity V| Number | Roughness Friction hyvar M pec
Pipe No Q (gpm) (ft/sec) Re e/D Factor f (ft) ft)
For Torus Testing Temp Teoo (F) = 80
CS A1 3300 453  693E+05 000035 0.0160 073 028
CS A-2 3300 10 65 1 06E+06 0.00053 00170 0.16 003
CS B-1 3300 453 6 93E+05 0.00035 0.0160 0.73 028
Cs B-2 3300 10 65 1 06E+06 0.00053 00170 0.16 03
RHR A 4800 6.59 1 01E+06 0 00025 0.0160 1.3 071
RHR B 4800 659 1 01E+06 o ) 00160 1.09 042
RHR C 4800 659 1.01E+¢ 000 0.0160 1.09 042
RHR D 4800 659 1.01E+D6 0 00033 0.0160 1.33 0.71
For Torus Peak Temp Teoo (F) =
CS A1 4400 6 04 1 55E+06 0 00035 0.0158 1.29 049
CS A-2 4400 14 20 2.38E+06 000053 0.0170 028 .06
CsSB-1 4400 604 1 55E+06 0.00035 00158 1.29 049
CsS B-2 4400 14 20 2 38E+06 0.00053 06.0170 0.28 006
RHR A 5600 769 1 98E+06 000035 00158 1.81 095
RHR B 5600 769 1 98E+06 0.00035 0.0158 148 056
RHR C 5600 769 1 98E+06 0 00035 0.0158 148 056
RHR D 5600 769 1 9BE+06 0 00035 00158 1.81 095
For Torus Peak Temp Tpoo, (F) =
CS A-1 4400 604 2 05E+06 0 00035 0.0155 129 048
CS A-2 4400 14 20 3 15E+06 000053 0.0170 0.28 006
CS B-1 4400 6 04 2 05E+06 0.00035 0.0155 129 048
CS B-2 4400 14 20 3 15E+06 0.00053 00170 0.28 0.06
RHR A 5600 769 261E+06 0 00035 0.0155 181 093
RHR B 5600 769 261E+06 000035 0.0155 148 055
RHR C 5600 769 261E+06 0.00035 0.0155 148 055
RHR D 5600 769 2 61E+06 0.00035 0.0155 1.81 093
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Table 3 (Cont ) - Pipe Line Losses

(Eq 1) (Eq3) (Ref 8) (Ref 7) (Eq 4) (EqS)
Valves &
Reynolds | Pipe Relative Pipe Fittings Pipe
Flow Rate | Velocity V| Number | Roughness Friction hyvar b e
Pipe No Q (gpm) (ft/sec) Re e/D Factor f (ft) (ft)
For Torus Peak Temp Tooo, (F) = 185
e - e e
CS A1 4400 604 2 32E+06 0.00035 0.0155 129 048
CS A-2 4400 14 20 3. 55E+06 0 00053 00170 028 006
CS B-1 4400 604 2 32E+06 000035 00155 129 0 48
CSB-2 4400 14 20 3.55E+06 0.00053 0.0170 028 0.06
RHR A 5600 769 2. 95E+06 0.00035 0.0155 1.81 093
RHR B 5600 769 2 95E+06 0.00035 0.0155 148 055
RHR C 5600 768 2 95E+06 0 00035 0.0155 148 0.55
RHR D 5600 769 2 95E+06 0.00035 0.0155 181 093
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Table 4 - Tota!l Suction Loss

(Tabie 3) _ (Table 3) (Table 1) (Eq 6) (Eq2) Eq7)
Total Total
Valve & | Total Piping| Clean Suction| Suction Velocity Suction
Fitting Head Loss Strainer Head Loss | Head @ P!| Pressure
Flow Rate jLosses h yae] hyoewe N stramer hs hy Drop
Pump No Q (gpm) W) () (f) ) ) (pst)
For Torus Testing Temp Tpoo (F) = 80
Core Spray A 3300 08¢ 0.3 014 1.33 1.76 134
Core Spray B 3300 089 0.31 014 1.33 1.76 1.34
RHR A 4800 133 071 0.29 232 067 129
RHR B 4800 1.09 042 0.29 1.7¢ 067 107
RHR C 4800 109 042 029 1.79 067 1.07
RHR D 4800 133 071 029 232 067 129
For Torus Peak Temp Tpoo (F) =
Core “nray A 4400 158 0.55 024 237 3.13 235
Core Spray B 4400 1.58 055 024 237 313 235
RHR A 5600 181 095 039 315 092 174
RHR B 5600 148 0.56 0.3% 244 092 143
RHR C 5600 148 0.56 0.39 244 092 143
RHR D 5600 181 0.95 039 3.15 092 1.74
For Torus Peak Temp T (F) =
Core Spray A 4400 158 054 024 2.36 313 232
Core Spray B 4400 158 0 54 024 236 313 232
RHR A 5600 181 093 039 313 092 1.1
RHR B 5600 148 0.55 0.39 243 092 1.41
RHR C 5600 148 055 0.39 243 992 1.41
RHR D 5600 181 093 039 3.13 G 92 1.7
For Torus Peak Temp Toooy (F) =
Core Spray A 4400 158 054 024 2.36 313 231
Core Spray B 4400 158 054 024 236 313 231
RHR A 5600 181 093 039 313 0.92 170
RHR B 5600 148 0.55 0.39 243 092 140
RHR C 5600 148 0.55 0.39 243 082 140
RHR D 5600 181 093 039 3.13 092 1.70
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TabieS-NPSH&MaxSuctiondPQ130F

(Table 4) (Eq8) ' (Ref58&6) (Eq9) (Eq 10)
Available {Max Suction
Suction | Suction Total Ma,gin for dP
Torus Elev Head | Wetwell Available LOCA Measured
Temp Vapor Spec Head Loss Press | Available | Required Margin Debris @ IST
Tpnn._ Press P;p Volume V.. h,j hs, Pc WSHA NPSHR NPSH.‘ NPSH" Conditions
(F) | (psia) | (R'Abm) () () (psig) ()] () () () (psi)
Core Spray Pumps A & B @ 4400 GPM
130 22230 0016247 12 50 2.38 000 39.30 2900 10.30 8.30 182
200 43 98 28.00 14 98 12.98 1.82
500 51.00 29.00 22.00 2000 1.82
RHR Pumps A & C @ 5600 GPM
130 22230 0.016247 12.50 320 0.00 38 .48 27.00 11.48 948 1.92
2.00 4316 27.00 16.16 14 16 192
500 5018 27.00 23.18 21.18 192
RHR Pumps B & C @ 5600 GPM
130 22230 0016247 12.50 2 46 000 3922 27.00 12.22 10.22 1.70
200 43 90 27.00 16.9C 14 9C 1.70
500 50 92 27 00 2392 2192 1.70
Note  Wetwell pressures of 2 0 & 5 0 psig are presented for information.
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TaNeG-NPSH&MaxSudiondPQ166F

(Table 4) (Eq8) (Ref 5a%) (Eq 9) (Eq 10)
Available {Max Sucti
Suction | Suction Total Margin for dP
Torus Elev Head Wetwell Available LOCA Measured
Temp Vapor Spec Head Loss Press Available | Required Margin Debris @ IST
Teoo Press P | Volume Vo h- he Pc NPSH. NPSHg NPSHy NPSHy Conditions
(F) (psia) | (f'/ibm) () M | (psig) () () W) () (psi)
Core Spray Pumps A & B @ 4400 GPM
166 54620 0016428 12 50 238 0.00 3186 29 C0 296 096 1.82
a1 3956 2900 10.56 8.56 182
470 4308 29.00 14 08 12.08 182
RHR Pumps A & D @ 5600 GPM
166 54620 0015428 12.50 320 000 31.14 27.00 414 214 1.92
3.21 3874 27.00 11.74 974 182
470 42 26 27.00 15.26 13.26 182
RHR Pumps B & C @ 5600 GPM
166 5 4620 0016428 12 50 7 46 0.00 3188 27.00 4 88 288 1.70
321 3548 2700 12 48 10 48 1.70
470 42 00 27 00 16.00 14 00 1.70

Note Wetwell pressure of 3 21 psig is the minimum required pressure at 166F to maintain the minimum

NPSH margin of 10 56 fi from Table 8 for the limiting Core Spray Pump at 128F

Wetwell pressure of 4 70 psig is the equilibrium pressure at the 166F peak pool temperature
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Table?-NPSH&MaxSudiondPg185F

(Table 4) (Eq8) (RefS&6) (Eq9) (Eq 10)
Available |[Max Suction
Suction | Suction Total Margin fer dP
Torus Elev Head | Wetwell Available LOCA Measured
Temp Vapor Spec Head Loss Press | Available | Required Margin Debris @ IsT
Tooo. {Press Pyl Volume Vo h, hs, Pc NPSH, NPSHg NPSHy MPSHy | Conditions
(F) | (psia) | (®bm) | (M) (M | (psig) W) ) (" ® 1 s) |
Core Spray Pumps A & B @ 4400 GPM
185 83855 0016541 1250 238 0.00 2515 29.00 -3.85 -585 n/a
246 3151 29 00 201 001 182
582 39.01 29.00 10.01 8 01 1.82
800 44 21 29.00 1521 1321 182
RHR Pumps A & D @ 5600 GPM
185 83855 0016541 1250 320 000 24 33 27.00 -267 -4 67 n/a
246 3019 27.00 319 1.19 192
582 38.19 27.00 11.19 91¢ 1.92
8.0C 4339 27.00 16.39 1439 192
RHR Pumps B & C @ 5600 GPM
185 83855 0016541 12 50 2 46 0.00 2507 27.00 -1.93 -3.93 n/a
246 3093 27.00 393 193 1.70
582 3393 27.00 1193 993 170
8 00 44 13 27 00 713 1513 1.70

Note Wetwell pressure of 2 46 psig is the minimum required pressure at 185F to maintain a positive
Availabie Margin for LOCA Debris for the limiting Core Spray Pump.

Wetwell pressure of 5 82 psig 1s the minimum required pressure at 185F to maintain the minimum
NPSH margin of 10 0 ft from Table 8 for the limiting Core Spray Pump.
Wetwell pressure of 8 00 psig is the equilibrium pressure at 185F peak pool temperature
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TableB-NPSH&MaxSucﬁondPQOPSIG

(Table 4) (Eq8) (RefS586) (Eq9) (Eq 10)
Available [Max Sucti
Suction | Suction Total Margin for dP
W Elev Head | Wetwell Available LOCA Measured
Temp Vapor Spec Head Loss Press | Available | Required Margin Debris @ ST
Teoor Press Py Volume Ve h- hs, Pc NPSH, NPSHg NPSH, NPSHy Conditions
B | (psia) | (bm) | () () (psig) () () ) (") ipsi)
Core Spray Pumps A & B @ 4400 GPM
Pool Temp @ 0 psig:
124 18901 0016221 12.50 238 000 4003 2900 11.03 903 182
128 21068 0016238 12.50 238 000 38 56 2900 10.56 856 182
132 23445 0016256 1250 238 0.00 3903 2900 10.03 803 182
RHR Pumps A & D @ 5600 GPM
Pool Temp @ 0 psig
124 18901 0 016221 1250 3.20 0.00 3921 23.00 16.21 14 21 1.92
128 21068 0016238 1250 320 000 38.74 27.00 11.74 974 192
132 2 3445 0 016256 12 50 320 000 38 21 27.00 11.21 9N 192
RHR Pumps B & C @ 5600 GPM
Pool Temp @ 0 psig:
124 1891 0016221 12 50 246 0.00 3995 2300 16.95 14 95 1.70
128 21068 0016238 12 50 2 46 000 39 48 27.00 12.48 10.48 1.70
132 23445 0016256 1250 246 G.00 38 85 27.00 11.95 995 1.70

Note This data gives the point of Minimum NPSH Margin during the cooldown when P drops to 0 psig.
The 124 & 132 deg F data corresponds to the 1% & 5% per Day leakage cases for a 75 deg F heat sink.
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Section 4.0 Uodated FSAR NPSH Analyses and Figures
Section 4 A Method of Solution

This section of the calculation prepares updated NPSH analysis for the FSAR  The original
analysis was submitted to the AEC during the Pilgrim licensing review via Amendments 9 and 24
to the SAR  This analysis was incorporated into the FSAR as Figures 14 5-9, 14 5-10, and
14.5-13 and Section 14 53 1 3 The revised analysis in this calculation will be incorporated into
the UFSAR

The same approach used in the original FSAR analysis is used Considering a known suppression
pool temperature profile, the coincident containment pressure is calculated using simple thermal
equilibrium assumptions  The “Containment Pressure Required” to provide the necessary 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 NPSH
margin. Calculation results are plotted as figures
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Section 4. B Input Data and Assumptions

Table 9 - Section 4 Inputs

Amendment 9 Ref. 65°F Seawater Ref. 75°F Seawater Ref.
Parameter Benchmark See Temperature See Temperature See
D S— Revised Analysis ored Revised Analysis S
~ Containment i cakage Rate 0 3%/day i 31,33 i “o/day 34f 1%/day 34
Imparired Contamment 5%/day i 31,33 5%/dav 33c S%/dav 3% i
~ Leakage Rate ' i ‘ e
Pool temnerature profile Amendment Y 31.33¢ FSAR Fig 14 5-7 33d (6) FSAR Fig 14 5-17 37(8)
Figure 1-2 :
FSAR Fig 14 5-10 7 At
Ultimate Heat Sink 65°F 31.33¢ 65°F 33¢ 5% 37
Temperature
Opurator achon time to 10 min 33b 10 min 33b 10 min 37
mitiate contamment coolimg
SSW Flowrate S000 gpm 33d 4500 gpm 3¢ 4500 gpm 37
Core Spray NPSH Required 28 fout 31,33 20 fi at 4400 gpm 8 29 f at 4400 gpm 8
RHR NPSH Required 28 feet i 31,33 27 ft at 5600 gpm 9 27 ft at 5600 gpm e,
Dnwel! Free Volume 147 000 ft’ 33a 147,000 f' 33a 147.000 &' 3 3
Wetwell Free Volume 120,000 ft' 33a 124 500 ft' 35a 124 500 ﬁ' 35a
Torus Water Volume 5 2E6 Ibm 31.33¢ 84.000 ft’ Ma 84.000 ft’ a
Imtial Torus Water RO°F 31.33¢ 80°F 40 85°F 40
Femperature i
Initial Dnwell Relatne 100%, 31.33¢ 80% 40 ¢5) R0% 40 (5)
Humudiny :
Imitial Wetwell Relatne 100%, 31.33c¢ 100% 40 100% 40

Hunudin
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Table 9 - Section 4 Inputs

| Amendment 9 Ref. 65°F Seawater Ref. 75°F Seawater Ref.
Parameter Benchmark See Temperature See Temperature See
| 1 ( Neel ] Revised Analysis Notel | Revised Analysis l B .
Imtial Wetwell Awrspace 80°F 3133 80°F 40 (3) 85°F - 403
~ Temperature i e R ; & kil ¢ ity
Imtial Drvwell Temperature | 150°F : 31,33 1Y : 0@ 150°F 4@
~Imtial Drywell Pressure 0 psig i 30.30¢ : 2 1Npg T o | 1 30 psig Ao ,
Imtial Wetwell Arrspace 0 psig { 31.50¢ } 0 psig 0 0 psig e, e
Pressure b | TG el P e S |
Imtial Mass of Nitrogen 15.666 Ibm o SN 16315 Ibm e el i 16315 Ibm i 40
Containment Reference n/a 45 psig or 59 7 psia . ] 45 psig or 59 7 psia E
Pressure Py : ; ! , ] : ape Al
Contamment Reference Leak n‘a 1%/day of Mr - 1%/day of M 34f
Rate /; :
RHR Pump Suction finc 4 2 fect (7N 3.20 feet Table 6 320 feet Table 7
Hcad Loss : i : A U e e WS SRS
CS Pump Suction hine Head 4 2 feet i 4 2 38 feet Table 6 2 38 feet - Table 7
Loss : : i :
Flevation head 125 feet " Section | 12.5 feet . Section 125 feet .~ Section
i 3C20 el E BT . 3C20

Notes for Table 9
| Numbers in parentheses refer to the following notes References are given at the end of this section

2 Imitial “Drywell Airspace Pressure” is assumed at 1 30 psig. Drywell and Wetwell pressure. temperature, and humidity
are used to calculate the initial mass of noncondensible gas inside containment  The combination of the values selected for
each of these six parameters provides a conservative estimate of the initial mass of noncondensible gas

3 Imitial Wetwell airspace temperature is assumed to equal the imitial suppression pool temperature
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Imtial Drywell Temperature is assumed to equal a uniform value of 150°F instead of the 135°F (General area temperature

per FSAR Table S 2-2 "Dryweil Atmosphere Cooling Data Sheet™) which is used in containment and decay heat removal

system analysis. A higher imitial temperature 1s conservative because less mitial noncondensible mass ts present in

containment Therefore. the partial pressure of noncondensibie gas 1s less imitially and less over the course of the transient

and cooldown resulting 1in a lower value for NFSHA
i}

Fhe imtial Drywell hunudity used 1s 80% versus 100% assumed in the Amendment 9 analysis as described in the reference

\ table of values for suppression pool temperature as a function of time after the accident is taken from the pool
temperature curve specified

\mendment 9 analysis was prepared before the actual piping configuration was known The suction line head loss used
in the benchmark analysis was estimated between 4 2 and 4 7 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

'he actual suction hne head losses are lower based on the as-built piping

nthiguration

fata table for the mperature curve contamned in reference 37 was provided by Gl




CALCULATION SHEET

% Boston Edison "TEPARE0EY Wk

CALC # __ M-$62 CHECKED BY. __ )
REV. E3 DATE 25-NOV-97

SHEET 29 OF |03

Section 4.C  Caiculations/Analyses

Section 4.C.1 Definition of Terms

H: Elevation of suppression pool water surface above the pump centerline, fi
Hsl Suction line losses, fi

Ly Reference mass leakage rate at reference pressure P, lbm sec

Mi Initial mass of dry air inside the Drywell and Werwell, Ibm

Mir* Mass of dry air remaining inside the Drywell and Werwell after leakage, Ibm
Mgas Mass of air nitrogen in mixture, lbm

M joak Mass leakage rate from containment, lbm sec

myaier Mass of water vapor in mixture, lbm

NPSHA Net positive suction head available, feet

NPSHM  Net positive suction head margin, feet

NPSHR Net positive suction head required, feet

Pe Pressure of primary comainment, psia

Pc Req'd  Pressure of primary containment required to provide NPSHR, psia
Pd Imitial pressure of Drywell, psia

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

Ps Initial pressure of Wetwell air space, psia

Pr Reference pressure for mass leakage rate L;, 45 paig or 59.7 psia
Pvp Saturanion vapor pressure, psia

Ror Rgas  Specific gas constant for air nitrogen, 53.3 fi-1b) Ibm- R

Rwater Specific gas constant for water vapor, 85.8 fi-lbf Ihm- R

ar Length of ime step, sec

Id femperature in Drywell, °R

Ip lemperature of suppression pool water, “F

/s Lemperature in Werwell air space, “R

}s Volume of free air space m Wemwell, fi’

Vd Free Drywell volume, ft

P Density of water in pool, 1h ft

¢ Relative Humidiry

@ Humidity Ratio
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Section 4.C.2 Equations

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):
s PV
RT

The total initial mass of noncondensible gas inside containment 1s 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 initial mass of noncondensible gas, the contribution o *ne initial
pressure from water vapor is subtracted The magnitude of this water vapor contribution is a
function of relative humidity ¢ and the saturation pressure corresponding to the mixture

temperature.
Per Dalton’s Rule

Bmxmn' =P gas r (¢P‘P)
SO P gas — 5 mixture (¢P‘l’)

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 provides the initial mass of noncondensible gas in
primary containmen!

- -
[Pd (¢ Pyp)| (144" i d Ps—(¢ Pap)] (144 s
£ 7
o o R1d > RTs

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 is 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
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(147- I‘vp)(l-N";z Wd (147 PypMide ":2 ) Vs
Eq 12 M= . / . - J
RTd RTs

Equations 13a and 13b were used in the Amendment 9 analysis to calculate the percentage of the
original mass of noncondensibles in containment after 1 S days

*

Eq 13a At 5% per dav M, = (OQS)”M, = ()926/\41

»

Eq 13b AtOS%perday M, =(0995)' M, - 09925M

The above ratio’s for 5%/day and 0 5%/day were applied as a flat amount in Ar.endment 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

o 0.5
: |
/
7
’)
Eq 14 Mok = L1y A T (atmosphere’s)
/
'
M ol
Where /; Leak rate at reference pressure
(lbm wunit time)
P Reference pressure in atmospheres
P Contarmment pressure at time siep in atmospheres

Equation 14 is modified as shown in Equation 15 to calculate leakage as a function of pressure
measured in units of psia
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Eq. 15 Mt = Lyl (psia)

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 (w) can be
used to determine the amount of dry gas contained in the vapor gas mixture. This ratio is derived
from the ideal gas law since the water vapor and gas are homogeneously mixed in the containment
volume (Drywell and Wetwell) and both the water vapor and gas are at the suppression pool
temperature Also, the containment atmosphere is assumed to be at 100% relative humidity
(saturated) after the event has been initiated Equation 16 which provides the humidity ratio
based on the ratio of gas and water vapor pressure is derived from the ideal gas law as follows

R_F 533 P

o = My ater e L P W
Mgas Rwater P gas 85.8 Pg -
P.
© = 0621 —b-
gas
= D
Pgas s P( i I‘P
P,
Eq 16 @ = 0.6 —F—
P.-P,

Since “m,..." from Equation 15 is a mixture gas and waier Japor whery

Mieak = Myarer + mga.s

My ater

Moy

and @ =

Solving for and m,, ...,

m =wm

water gas
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Substituting @ M or m in the first equation vields
. 'l waier y

m;, 1k ) "’4,‘

L1 &

m.,

YA S

Solving for Mmoqs Yieids

} :
/ Veak

(@ +1)

l\]i

Equation 17 provides the mass of noncondensible

and a hurmdity ratio w

I'he noncondensible gas remaining in containment at any time after the containment isolates is the
initial mass minus the mass of noncondensible gas that has leaked The remaining mass (Mr*) is

calculated by the following formula

m

Eq 18 Mt* = Mt -%

b .
(w + /)

Equation 19 1s used to calculate the containment pressure &t any time as the sum of the partial
pressure of the remaining noncondensible gas and the vapor pre re corresponding to the

suppression pool temperature

Ihe term (Pc-Pvp) represents the net pressure above the vapor pressure provided by the

noncondensible gas inside containment  Therefore
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(1441"’)
-
Eq 22 NI)‘\'HA = I’gas [.,/ + H: b H‘I

The containment pressure required to provide adequate NPSH is derived using Equation 20 by
letting NPSHA equal NPSHR and solving for the containment pressure Pc. When NPSHA equals

NPSHR the containment pressure is by definition equal to the required containment pressure
PcReq'd

Eq 23 Pc R(:q'd: I’\'p +( NPSHR - Hz + }I‘l) , £ 7 \
L/""m.-,}
f1=

The NPSH margin is the difference between the containment pressure that is available and the
containment pressure required.
n?
(i)
L

or NPSHM - NPSHA - NPSHR

Eq 24 NPSHM =(Pc - Pc Req'd)

The following three equations are general conversions used throughout this calculation

2
144 0%
"

Bl 25 P(feet)=P(psi) \
/,( lbm : |
fr- }
A\
p(lhm }}
' ft*

Eq 26 P(psi)= P( feer) g
/44("" ,\
f A ]

Eq 27 I(°R)=1("F)+ 460
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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 is used

I Calculate the imtial mass of air [or nitrogen] inside the primary containment assuming
atmospheric pressure and a 100% relative humidity in both the Wetwell and Drywell The

initial Drywell temperature was assumed to be 150°F_ and the Wetwell temperature 80°F
The total mass is given by Equation 12

2 Assume the containment leaked at a constant rate of 5% free vol/day for | S 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, 1e , Pd - Ps

4 The Drywell and Wetwell airspace masses and volumes can be combined and the

containment (Drywell and Wetweil) pressure calculated as a function of the suppression
pool temperature for the following reasons

Water from the pool is being pumped into the reactor vessel by a core 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 returns to the Wetwell is hotter than the suppression pool water by approximately
SO°F

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 elevated temperature of the break flow

S The containment pressure is then given by Equation 19

6. The total NPSH available to the pumps is given by Equation 20
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In the following table the methodology used to calculate values plotted on the original FSAR Figure 14 5-10 is repeated Based on a
comparison. the values contained in the following table and plotted on the attached Figure 2 are consistent with the results presented in

orgmal FSAR Figure 14 S-10

Table 10 - Benchmark Case Containment Pressure Availabie and Required at 0.5% and 5%/day Leakage

b Fi45-10 | Eq 27 | Lookup | Eq 13a Eq 19 Eq 21 Eq 13 Eq 19 | Eq 2! Eq 23
Mi*Mt a Mt* Mt @ Pc Req'd for
S*w/day Pc a 5% 0 5%/day Pc a 0 %% NPSHA of
Time Pool Temp Ip Pyvp  |Leakage Rate| Leakage Pgas Leakage Rate Leakage Pgas Hz Hsl 28 feet
(se¢) (°F) (“R) (psta) (“s) g)sua) (feet) (%) (psia) {fect) | (feet) | (feet) (lsla)
I alues helow alues below 'alues below : I'clues below
plotted on plotted on plotted on plotred on
Figure 2 Figure 2 Figure 2 Figure 2
| t i U
fon 1260 386 1 99 0920 14 696 2968 09925 14 620 ‘ 29 68 : 125§ : 2 1042
ML 1262 K6 AL LN 09 14 696 29 66 0 uy2s 14 690 29 66 128 42 oy
0 127 3 %7 2069 0926 14 696 29 52 0 9925 14732 1 2961 : 125 i 42 10 49
400 128 8 589 2152 0926 14 696 29 34 09925 14849 2970 125 | 42 10 58
SO0 130 0 590 2225 0926 14 696 29 18 09925 14947 2977 125 42 1064
(00 1310 91 2286 0926 146% . 2904 0 9925 15029 | 2982 125 & 42 1070
700 1320 $92 2347 0926 14 696 2891 09925 IS111 | 2988 125 42 107%
K00 1310 593 2407 0926 14 696 2877 0 9925 15194 29094 125 42 10 82
H00 1340 594 2473 0926 | 146% : 2863 09925 15281 000 125 42 1088
1000 134 8 97 2526 0926 14 696 28 52 09925 15351 : 3005 : 125 @ 42 10 93
2000 140 5 ol 2028 0926 15 508 28 35 0 9925 15876 039 125 42 11.32
WM 144 5 o0s 3242 092 15 402 28 57 09925 16 276 3062 125 i 8 2 1163
1000 147 5 o8 3 496 0926 15717 28 74 09925 16 595 30 81 125 42 1187
SO0 150 0 ol 3720 0926 15993 2% 88 09925 16 874 095 125 42 1209
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Tabile 10 - Bennchmark Case Containment Pressure Available and Required at 0.5% and 5%/day Leaka

FI145-10 | £q 27 | Lookup | Eq 13a Eq 19 Eq 21 Eq 13b Eq 19 |Eq 21 Eq 23
Mi* Mt a Mt* Mt @ Pc Req'd for
5%/day Pc @ 5% 0 5%/day Pc @ 05% NPSHA of

Time Pool Temp Tp Pyvp |Leakage Rate] Leakage Pgas Leakage Rate Leakage Pgas Hz Hsl 28 feet
(sech l (°F) (“R) (psia) (") _{psia) (feet) (%) (psta) {feet) | (feet) | (feet) Qsia)
6000 1520 612 3 908 0926 16220 : 2899 09925 17104 : 3108 ; 125 : 42 12.27
000 0 iS40 T eld L atod | o9 D iGASe ] 3911 | 09938 | 17343 {3120 125 | 42 | 1246
KOO0 156 0 616 4311 0926 16703 | 2922 @ 09925 17593 3132 125 @ 42 1267
2000 1575 o8 . 1468 | 0926 | 16890 | 2931 | 09925 . 17782 | 3141 125 42 1282
L0000 1590 T 619 T 363 T Tove 17088 2999 : 09928 | 17980 3150 : 128 ; 42 298
156600 163 2 623 | S 0926 17656 | 2963 | 09925 : 18555 317 i 125 ; 42 1345
20000 i T T AT a1 Y | BT | e I nmen mins sz O®
35000 165 5 626 5401 0926 17988 2976 09925 18888 3190 125 42 1373
IO 165 0 623 § 336 0924 17 909 29 73 : 19923 : I8 812 : 31 8 125§ 42 1367
30000 626 : e . 49T svde T TN | 3006 T eMs : Wk i Meh . 113 42 1331
SOO00 158 2 618 15482 0926 16979 29 35§ 0 9925 17872 31 45 125 42 12 .89
0000 1540 T 614 4103 096 | 16454 | 2911 : 09925 17342 : 31.20 . 125 | 42 1246
70000 190 ¢ e 363l | 09 i 15882 : 2882 : 09928 16762 : 3089 125 = 42 1200
ROO00 144 0 604 3200 0 926 15350 . 2854 1 9925 16223 . 3059 125 42 1159
YO0 e Tevn Time o ] M | 33 | 89S | SEs (WM i i2Si 41 B
100000 136 S 97 2640 0 0926 1469% 2826 @ 09925 . 15502 3015 125 42 1104
150000 125 § % 1970 0936 . 1469 | 2974 i ©9925 | 146% 2974 i 1285 | 42 10 40
200000 me T Tiént T ewe T Tieeee | %85 | 093S | 4o [ 95 (128 41 | e
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In the following table the methodology used to calculate values plotted on the original FSAR Figure 14 5-9 is repeated, and the results
of the recalculation are plotted Based on a comparison, the values contained in the following table and plotted on the attached
Figure 3 are consisient with the results presented in the original FSAR and Amendment 9

Table 11 - Benchmark Case NPSH Available and Required

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

[ Pool Mi*/Mi @ 5% | Pc@ 5%

Temperature | Tp Pyvp H/ Hsl Lcakage Leakage Pgas NPSHA NPSHR
(') {(°R) (psta) | tfeeyy | ifeet) (%) Qsia) (feet) (feet) (feet)

I alues below plotted on Fig 3 i‘alues below plotted on Fig 3
U U
140 GO0 : 2889 : 125 42 0926 14959 283 366 )
150 0 | I I 123 42 0 926 15993 289 372 2%
160 620 : 4 746 12§ 32 0926 ‘|7 219 294 377 28'
170 630 S 9us 125 32 0926 18 669 00 183 2R
ix0 640 7.511 125 42 0926 20 386 M6 iRY 28
Eq 27 | Lookup 0 Eq 13a Eq 19 Eq 2! Eq. 22

" Pool Mi*Mt @ 5%| Pc@ 5%

Temperature | Tp Pyvp Hs Hsl Leakage Leakage Pgas NPSHA NPSHR
("F) ("R) psia) (feet) | (feet) (%) @la) (feet) (feet) (feet)

! alues below plotted on Fig 3 i alues below plotted on Fig 3
U U

140 600 2889 125 42 0 9925 15 826 04 187 28
150 610 : 3721 125 | 32 0 9925 16 874 310 393 28
160 620 | 4746 : 125 2 09925 18114 36 199 28
170 630 : 5 9938 125 2 09925 l9 579 322 405 Zk
180 640 7 511 125 2 09925 21311 328 411 28
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Section 4.C.4 U FS NPSH lysi igures

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 9

The following methodology is used

(3% ]

Calculate the initial mass of air (or nitrogen) inside the primary containment The total
initial mass 1s given in Section 3 C 5 as 16,315 Ibm

Calculate the reference leakage rate /.;

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

Ly[1%]) = 16315bm (.01 day) = 163.151bm  day or 0.001888 lbm ~ sec
LT[S%] = 16315bm(.05 day) =815751bm  day or 0.009442 [bm = sec

In successive steps from after the accident until the point of minimum NPSHM is passed,
calculate

Mass leakage (water vapor + gas) from containment ( mjpqk ) using Eq 15
Relative humidity @ using Eq 16
Noncondensible gas leakage from containment ( m g ) using Eq 17

Remaining mass of noncondensible gas in containment (AM1*) using Eq 18
Containment pressure (/¢) using Eq 19

This calculation is performed for

1%/Day leakage rate - Table 12 for a 65°F seawater temperature
Table 18 for a 75°F seawater temperature
§%/Day leakage rate -  Table 13 for a 65°F seawater temperature
Table 19 for a 75°F seawater temperature

Using the same suppression pool temperature data and time steps from the previous step,
calculate

Pressure provided by the remaining mass of noncondensible gas in containment
(Pgas) 1s calculated using Eq 21,

NPSHA using Eq 22,

Pc Reg 'd using Eq 23,

NPSHM using Eq 24
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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 14)
RHR pump at 5%/Day leakage rate - 65°F Seawater Temperature (Table 16)
CS pump at 1%/Day leakage rate - 65°F Seawater Temperature (Table 15)
CS pump at 5%/Day leakage rate - 65°F Seawater Temperature (Table 17)

RHR pump at 1%/Day leakage rate - 75°F Seawater Temperature (Table 20)
RHR pump at 5%/Day leakage rate - 75°F Seawater Temperature (Table 22)
CS pump at 1%/Day leakage rate - 75°F Seawater Temperature (Table 21)
CS pump at 5%/Day leakage rate - 75°F Seawater Temperature (Table 23)

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 Wetweli 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

Water from the pool is being pumped into the reacior 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
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

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 temp zrature 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 elevated temperature of the break flow
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Table 12 - Containment Pressure Available @ 1%/Day Leakage Rate - 65°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq I8 Eq 19

Time Tp Tp Pvp m sk 4 Mias AT M* P-
(scconds) (°F) (“R) (psia) (Ibm/sec) n'a Ibm ‘sec (sec) Ibm 1a
2% 8 53K & 2150 ) 16.315 1525

100 128 8 SR8 R 2150 0 00052 0102 0 00047 100 16315 1525
200 1318 591 % 2329 0 00052 0102 000047 100 16.315 1549
100 1331 391 | 2414 0 00061 0110 0 00055 200 16315 ise6l
6M) 1337 593 7 2453 0 00063 0114 0 00059 200 16,315 1566
1000) 1359 395 9 2 598 0 H0067 116 0 00060 400 16314 1585
2000) 1413 o0l 3 2 984 00071 0122 0 00065 1006 16,314 16 36
1000 148 3 GOR 3 3 568 0 O00KS 0139 0 00075 2000 16312 17 10
600 153 7 613 7 1068 0 60099 0164 0 OOORS 2000 16,311 1771
0000 i6h 7 620 7 4 822 000109 0 185 (00092 4000 16.307 iR62
14000 164 3 624 5 5275 000120 0217 0 00098 4000 16303 19 16
16000 165 7 6257 5419 0noe12s 0236 000101 2000 16301 19 32
20008 166 4 626 3 3514 026 0242 000102 1000 16297 1o 3
23000 166 2 (2 % I8 TR LS 0246 0 0niaG? 4000 16293 19 40
000 165 0 6250 5 141 noni27 0245 000102 6000 16 287 1922
IS0 163 6 623 6 5 168 000126 0239 000101 5000 16282 19 01
10000 1620 6220 1972 000124 0232 0 00100 S000 16.277 1877

(OO0 153 0 6140 110 0n00i21l 0224 0 00099 20000 16.257 177
ROOH 146 0 66 0 3361 000109 0 188 0 00092 20000 16238 16 78
1000 138 2 508 2 2 758 £ 00094 0156 0 00081 20000 16,222 1599
1200600 523 592 3 2 360 (00077 013 0 00068 20000 16.209 1545
1 40000 1275 SR7 S 2079 0 00060 0112 0 00054 20000 16,198 1505
1 30000 1255 3R5 5 I 969 0 00042 0 100 0 00038 10000 16 194 14 90
160000 123 8 SR8 1 8RO 000031 0 095 0 00029 10000 16191 1477
1 ROO00 1208 380 K 1.729 000018 0091 000017 20000 16 188 1470
190000 11913 579 3 1 658 1) 00000 0 083 0 00000 10000 16 188 1470
NERAT] IR0 7R 0 1 601 1 GOO00 0079 0 00000 10000 16 188 14 70

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS

Page 1 of 2
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Table 13 - Containment Pressure Available @ 5%/Day Leakage Rate - 65°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq IR Eq 19

Time Tp Tp Pvp s ax w Mias a7 M+ Pc
(scconds) (“F) {"R) cEsna) (Ibm/sec) na Ibm/sec (sec (Ibm 13
128 8 SRR K 2150 16315 15.2§8
190 128 8 SKK 8 2 150 0 00258 0 102 000234 100 16 315 1525
2010 i3l R 591 8 21329 0 00258 0102 000234 100 16.315 1549
00 1331 593 | 2414 0 00307 0110 000277 200 16314 156l
6O 1337 591 7 2 453 000327 0114 0 00294 200 16,313 1566
L 1359 S99 2 598 000335 0116 0 00301 $00 16312 15 85
200) 141 2 601 3 2 984 0 00362 0122 000325 1000 16309 16 35
J000 148 3 6OR 3} 1 568 0Hon427 0139 000375 2000 16 301 1709
GO0 153 7 6137 3 068 0 40497 0164 000427 2000 16.293 17.70
FOOO0 i6nh 7 6207 3 822 0006543 0 186 0 00458 4000 16.275 I8 59
13000 164 5 624 5 5275 0 00597 0218 0 00490 4000 16.255 1911
16000 1657 6257 5419 000623 0237 0 00503 2000 16245 1927
20000 166 4 626 1 5514 ) 00630 0243 0 00507 4000 16225 19 37
23000 166 2 62602 S ASK 000G 0248 1) 50K 4000 16204 19 32
UMMM 1650 625 0 5 341 000632 0247 0 00507 HOGH 16,174 1912
1S000 163 6 623 6 S 168 000623 0241 G 00562 SOO0 16149 18 90
30000 162 0 6220 3972 G 00612 0234 0 90496 5000 16,124 1% 65
HOOON 1540 6140 4 163 ) 599 G226 0 00489 20000 16026 17.52
KRON0O 146 0 606 1 3 361 0 H0530 0190 0 00445 20000 15.937 1653
100000 1IR2 S98 2 2 758 0 00445 0159 ) 00384 20000 15.860 1569
1 20000 1323 592 3 2 360 000341 0133 000301 20000 15.800 1512
1 40000 127§ 387 5 2079 000227 011s 0 00204 20000 15.759 14 70
150000 125 % 3RS 3 1 969 000014 0102 0 00013 100060 15.758 1470
1 GOOOO 123 8 S8 K 1 K80 1) 00000 0 0% 0 00000 10000 15.758 14 70
1 RODOGH 1208 3RO K 1 729 0 00600 091 0 00000 20000 15.758 14 70
1 9000 119 3 379 1 658 0 00000 0083 0 00000 10000 15 758 14 70
DO 11RO STR O 1 601 0 00000 0079 £ (0000 10000 15.758 1470

RHR/CS Calc

25-NOV-97 File = NPSH65 XLS
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Table 13 - Containment Pressure Available @ 5%/Day Leakage

Rate - 65°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq IR Eq 19
Time Tp Tp Pyvp M g ax © Maias a7 Mt P-

(scconds) (°F) (°R} (psia) {Ibm/sec) n'a Ibm/sec (sec) (Ibm) {psia)
210000 116 8 576 X 1 546 0 00000 0076 0 00000 10000 15.758 1470
220000 156 575 6 | 495 0 60000 0073 | 000000 10000 15.758 14 70
2300006 1145 574 S 1 451 0 00000 0 07() | 0 00000 10000 15.75R 14 70
240000 112 8 571 5 1410 0 00000 0 068 0 00000 10000 15,758 1470
23004) 1125 72 5 1370 0 00000 0 066 0 00000 10000 15.758 14.70
260000 1115 571 5 {33 01 00000 0 064 0 00000 10000 15.758 1470
370000 1107 5§70 7 1 301 1 00000 0062 000000 10000 15.758 1470
2ROGO0 100 3700 1.275 (i 00000 0 064 0 00000 10000 i5.758 14.70
20N 109 1 569 1 1.243 1 00000 0059 0 00000 10000 15.758 14 70
M) 108 4 SOR 4 1217 0 00000 0057 0 00000 10000 15.758 1470
LOOHN) 107 R 567 8 1194 0 00000 0056 0 09000 10000 15758 14 70
120000 1670 3670 1 169 0 0O000 0055 0 00000 10060 15 758 14 70
1306000 106 3 St 1 146 0 D000 0054 0 D000 106000 15 758 14 70
140000 105 8 S6S K8 1127 0 00000 0053 () 00000 10000 15 75% 14 78
150000 105 1 5651 1 105 € 00000 0052 0 00006 10000 15.758 14 70
GO0 104 4 S6d 4 1 083 0 00000 0051 0 05000 10000 15.758 14 70
IROOOO 103 4 563 4 1 051 € 00000 0049 000000 20000 15,758 14 70
J00000 1023 562 3 1 016 0 00000 1048 0 00000 20000 15758 1470
SOOOOHD 97 3 557 % 0 KR 2 00DOO 0046 0 00000 100000 15,758 1470
HOBOON 94 0 5540 0 791 0 00000 0 040 0 00000 100000 15.758 14 70
TOOKN) 91 4 5514 0729 0 00000 0035 0 00000 100600 15.758 14 70
KOO000 801 349 0 6R2 0 00000 0032 0 00000 100000 15.758 14 70
QOO0 874 547 4 0643 0 00000 0030 0 00000 100000 15.758 14 70
D20000) 870 3470 0635 04 00000 0028 0 H0000 20000 15.758 1470

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS

Page 2 of 2
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Table 14 - RHR Pump with 1% /Day Leakage Rate - 6. ¥ Secwater Temperature
Fl4 5-10 L ookup Lookup Eq 19 kq 21 Eq. 22 Eq 23 Eq 24
P. Req'd for
NPSHA of
Time Time ip Density Pap P, Pgas Hz Hsl NPSHA 27 feet Margin
{secs) % 3 (Tom/it ')
Plotted Plotted Piotted Plotted
on g 4 on Fig4 | on Fig 4 on Fig §
100 003 128 & 6157 | 215w | 1525 | 38e3 | 125 320 199 972 129
200 0 06 131 8 61 52 2329 1549 3081 125 320 101 9 89 131
100 o1 1331 61 50 2414 1561 | 08 | i25 320 402 997 132
600 017 337 61 49 2453 | 1566 | 3093 | 125 320 402 10 01 132
100 028 1359 o1 45 2 598 1585 . 3106 125 320 404 1015 134
2000 0 56 141 3 61 38 2 U84 1636 | 3139 | 125 3120 07 10 53 137
1000 1 148 3 6122 3568 1710 | 3182 | 125 320 1 1109 141
HON0 167 1517 6112 1068 77 | 3218 | 125 3120 414 1158 144
OO0 278 16 = o) 9% 1R 1% 62 3259 125 320 19 1232 149
14000 189 164 5 IRLL § 275 19 16 312 82 125 320 421 1276 151
L0080 134 165 7 ol KK 5419 19 32 3289 @ 125 320 422 12 90 152
20000 5 356 166 4 o0 86 5514 1943 | 3293 ! 125 320 422 13 00 152
U000 667 166 2 o0 §7 S 488 1940 3261 | 125 320 432 1297 152
3000 8133 165 0 ol §9 5 341 1922 | 1282 | 128 320 21 12 83 151
13000 97 163 6 6092 | 5168 901 3272 | 125 320 20 12 66 150
0000 111 162 0 Gh9s | 4972 1877 | 3261 | 125 3120 9 12 46 149
GO0 1667 154 00 61 11 40 1791 | 3106 | 125 320 414 1161 144
KROOO0 2222 146 0 &127 i 31368 16 78 i 5148 T 1258 320 408 10 89 138
[oosn0 27 7% 1382 6441 | 1% 1599  31m2 125 3120 403 10 31 133
1 20000 33 33 132 2 6i1st | 2380 1545 3064 125 320 399 992 129
140000 IR RY 1275 61 59 2079 1508 3032 12.5 320 19 6 965 126

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS
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CALCULATION SHEET

CALC #

REV

SHEET

M-662

E3
53

DATE 25-NOV-97

%mm

L - -

PREPARED BY

CHECKED BY: @‘:—4

ThH-

Table 14 - RHR Pump with 1%/Day Leakage Rate - 65°F Seawater Temperature

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

Time Time Tp Density Pyvp P, Pgas H7 Hsl NPSHA 27 feet Margin
(secs) | (hours) (°F) (tbm/1t') (psta) 1a) (feet fect) (feet) (feet) a (feet)
1 SO00O0 11 67 1255 61 63 1 969 14 90 021 12§ 3120 395 954 125§
160000 44 44 123 8 61 65 1 880 1477 | 3010 @ 125 320 394 9 46 124
1ROO0D 50 .00 120 % 61 70 1 729 1470 3027 125 120 196 9131 126
190000 S27R 1193 61 72 1 638 14 70 3043 125 120 3197 925 127
200000 35 56 1180 6174 i o1 1470 30 55 125 320 399 919 129
2 o000 SR iR 16 R 6l 76 | 546 14 76 3067 125 320 400 914 130
220000 6111 1156 61 78 1 495 14 70 30 7R 125 126 401 909 i3}
230000 63 89 1145 61 90 1 451 1470 10 87 125 320 402 905 132
240000 66 67 1135 61 R1 1410 1470 30 96 125 320 403 901 13.3
2SH000 69 44 125 6l K2 1 370 T NET R 320 103 8 97 133
260000 72 22 111 s il 4 i 313 i4 70 3113 125 120 404 8 43 134
TR TS M 1o~ i1 88 Ty 1470 31 20 125 12 40 5 R 90 135
2ROOOE 1778 1o 0 61 K6 1 275 14 70 1125 125 120 400 8 8% 136
200001 80 S6 109 1 61 87 1243 14 70 3132 125 320 06 8 85 136
00000 83 33 108 4 61 88 1217 14 70 3137 125 320 407 8 82 137
310000 8611 107 8 G189 1 194 1470 3142 125 3.20 407 8 80 i3.7
120000 8K 89 1076 61 90 1169 1470 3148 125 320 408 R 78 138
130000 91 67 106 3 61 91 1 146 1470 3153 125 320 40 8 876 138
140000 94 44 105 8 61 92 1127 1470 3157 125 3.20 409 874 139
ISO000 97.22 105 1 61 93 1 10S 14 70 3161 125 320 409 872 139
160000 100 GO 104 4 61 94 i 0% i4 70 31 66 125 320 410 8 70 14 0
IRONON 105 56 103 3 6} 98 1 051 1470 31.73 125 320 410 R 67 140
100000 111 102 3 6197 1016 1470 31 80 125 120 411 R63 141

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS
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PREPARED BY _FDi

CALCULATION SHEET e
> CHECKED BY: < V1

CALC # M-662

REV E3 DATE 25-NOV-97

SHEET 54 OF |03

Table 14 - RHR Pump with 1°/Day Leakage Rate - 65°F Seawate: Temperature

F145-10] Lookup | Lookup | Eq 19 | Eq 21 £q 22 Eq 23 Eq 24
P. Req'd for
NPSHA of
Time Time Tp Density Pvp P, Pgas Hz Hsi NPSHA 27 feet Margin
(secs) | thours) (°F) (bm/ft) (psia) (psia) {fest) feet) (fect) (feet) feet
SO0000 138 89 975 62 03 0 8RO 1470 3208 12.5 3.20 44 | 8% | 144 :
G0N0 16667 940 6207 | 0791 | 1470 | 3227 | 125 | 32 | 416 8 42 146
00000 19444 914 idte T899 T A B | 8% T 18 M7 1 & | W
RONONO 22222 893 212 [os2 | 149 | 220 | 125 | 3% | #i3 £ 82 | 148
SOO000D | 25000 874 295 T 6803 [ 'MW | BV | 15 | 3 | #iv | &8 | W
D006 255 56 870 6215 | 0635 | 1a® | 129 | 125 | 33 | 49 { 827 149

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS Page 3 of 3



CALCULATION SHEET - PREPARED BY. VDM
%z Boston Edison :

CALC #  M-882 CHECKED BY: 7)1

REV E3  DATE 25-NOV-87

SHEET _ 55 oF

103

Table 1S - Core Spray Pump with 1%/Day Leakage Rate - 65°F Seawater Temperature

F145-10] Lookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P. Req'd for
NPSHA of

Time Time Tp Densiy Pyvp P.- Pgas Hz Hsl NPSHA 29 feet Margin
{secs) | thours) (°F) (bm/ft ) (psia) 1a (feet feet) (feet) feet) a) {feet)

Plotted Plotted Plotted Plotted

on Fig 4 on Fig 4 on Fig 4 on Fig 5
100 003 1288 61 57 2150 1525 | 3063 125 238 407 1022 17
240 0 06 IR 61 52 21329 1549 10 81 125 238 09 10 40 119
00 011 1331 61 50 2414 1561 30 89 125 238 1o 10 48 120
600 017 | 1337 61 49 2 453 15 66 30 93 125 238 410 10 51 120
1000 028 1359 o1 45 2 598 15 85 31 06 125 238 412 10 65 12.2
2000) 056 | 1412 61 3% 2 984 16 36 1139 125 2138 415 1103 125
3000 Rl 148 3 6122 3 568 1710 | 3182 125 | 238 119 i159 129
LN 167 | 1817 61 12 1068 17 71 1215 B3 -1 28 .3 1208 133
1OO0M) 7R 160 7 ol 9% 1822 IR 62 32 59 ! 125 238 427 12 82 §3.7
4600 1 89 164 S IRLL 3274 19 16 3282 | 125 2138 429 12 26 i3 9
Lot 144 165 7 o X8 5419 19 32 3289 125 238 430 13 40 140
200000 5 56 166 4 Oi) RO 5514 1943 31293 T 238 430 1349 140
24000 667 166 2 60 87 S 488 19 30 1291 125 2% | B 1347 140
000 8 33 165 0 ol 89 51341 19.22 3282 | 125 238 429 1332 139
[O00 . 972 163 6 60 92 st68 19061 | 32712 , 128 238 | 418 1316 138
10000 111 162 0 ol 93 1972 1877 3261 125 238 | 427 12 96 137
G000 1667 | 1540 6111 | 41m 1771 | 3206 | 125 N | e 1212 132
ROOO 2222 146 O 6127 3361 1678 | 3153 | 125 238 416 1139 126
00000 2778 | 1382 6141 3788 | 1599 | 3162 | 128 | 2% | 41} 10 81 121
120000 313 13 i323 61 51 2 360 15 45 064 125 238 08 10 43 118
1100600 IR 89 127 5 61 39 2079 15 0% W33 | 125 238 405 i0 15 115

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS
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CALCULATION SHEET

CALC #

REV

M-662

E3

%mm

DATE 25-NOV-97

SHEET 56 OF 03

PREPARED BY:

CHECKED BY: =M~

Ph

Table 15 - Core Spray Pump with 1%/Day Leakage Rate - 65°F Seawater Temperature

F14 5-10| Lookup Lookup | Eq !9 Eq 21 Eq 22 Eq 23 Eq 24
P. Req'd for
NPSHA of

Time Time Tp Density Pyp P, Pgas Hz Hsl NPSHA 29 feet Margin
{secs) {hours) °F) (it (psia) 1a fect {feet) (feet feet) a feet)
150000 11 67 1255 6163 1 969 14 90 3 | 123 218 | 83 | 10 05 113
[ GO0 Hdu 123 R 61 68 1 880 14.77 30 10 125 238 402 9 %% 112
IXDO00  SOD0 1208 6170 1729 1470 @ 3027 125 238 404 982 14
190000 52 78 11913 61.72 1 658 i4 70 0 43 125 238 405 975 I15
200000 35 36 118 0 6174 1 601 1470 3055 T 238 467 9 706 117
210000 3R 13 116 8 61.76 1 546 14 70 30 67 125 238 408 964 118
220000 61t 1156 61 78 1 495 14 70 30 78 125 238 409 9 60 119
230000 61 R9 1143 ol 80 1 451 1470 30 87 125 238 410 955 120
230000 66 67 113§ 61 R I 410 14 70 30 96 125§ 238 411 551 12.1
230000 69 34 1125 6l 82 1370 1470 3105 125 23R8 412 9 48 122
20000 7222 111 s RET! 13 1470 13 125 23R 412 944 122
2T 7S 00 7 61 K3 ! 1470 3120 2.5 238 413 941 123
IROMMUNY 77.78 RRE 61 K6 } 275 14 70 3125 iIzS 238 414 939 124
20000 R0 56 109 ) ol 87 1243 14 70 31.32 12.5 238 414 9 36 I2‘-l
00000 83133 108 4 61 88 1217 14 70 3137 125 238 415 9133 125
F1ooon 86 11 107 R 6 RY I 194 14.70 3142 12§ 238 415 931 125
20000 8K 89 107 0 61 90 1 169 1470 31 48 12.5 238 416 928 126
130000 91 67 106 3 6191 I 146 14.70 3153 25 238 416 926 126
330008 94 44 105 8 6192 1.127 14 70 31.57 125 23% 417 924 12.7
000 97 22 105 1 6193 1 10s 1470 3161 125 2138 47 922 127
60006 000 1044 6l 94 1 083 14 70 31 66 ] 1258 2138 418 920 128
IR MM ins 56 103 4 H1 9s 1 051 14 70 3173 125 23R 41 R 917 128
100060 11111 102 3 6l 97 1016 i4 70 311 80 k2.5 238 419 914 129

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS

Page 2 of 3



CALCULATION SHEET % PREPARED BY PDM-
CHECKED BY- %’1

REV €3 DATE 25-NOV-97

CALC. # M-662

SHEET 57 oF 105

Table 15 - Core Spray Pump with 1%/Day Leakage Rate - 65°F Seawater Temperature

F145-19] tookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P. Req'd for
NPSHA of
Time Time Tp Densiny Pvp P- Pgas Hz Hsl NPSHA 29 feet Margin
(°F) tibm/ft ) i
SOOONG 138 89 97 5 62 03 0 880 14 70 3208 12.5 238 | 422 901 : 132
GON00 16667 940 6200 [ oM | MM | N | 125 | 238 | 24 | 89 | Ba
60000 19444 914 6210 1 079 | 149 | 3240 | 1285 | 238 | @25 | &% 135
RO0000 02222 893 6212 T oem2 | 14 | 2@ | 128 | 28 | 43¢ | & | 136
QOO WHO0 874 6215 | 0643 14 70 | 3257 | 1258 I 238 | 427 ' 879 ' 13.7
UL L1 235 56 { £70 6218 L 0635 1470 ! 3259 | 125 { 238 | 427 . 878 ‘ 13.7

RHR/CS Calc 25-NOV-97 File = NPSH&5 XLS Page 3 of 3



CALCULATION SHEET - PREPARED BY  ¥Di
== Boston Edison
CHECKEDBY:

CALC # M-662

REV E2 DATE . -NOV-97

SHEET &8 OF 03

Table 16 - RHR Pump with 5% /Day Leakage Rate - 65°F Seawater Temperature

F145-10] tLookup | Lookup | Eq 19 | Eq 2i Eq 22 Eq 23 Eq 24
P. Req'd for
NPSHA of

Time Time Tp Density Pyp P Pgas H/ Hsl NPSHA 27 feet Margin
(SCCs) thours) (“F) (thm/ft ) (psia) {psta) feet) (feet) (feet) (feet) (psia feet)

Plotted Plotted Plotted Plotted

on Fig 3 on Fig 4 on Fig 4 on Fig 5

1) no 12868 6157 29% | 1535 | W63 | 128 | 3 | »y | 972 | 129
N0 006 | 1318 61 52 2129 1549 3081 125 3 I 989 13 1
100 011 133 1 6150 @ 2414 1561 3089 125 320 | #02 | 997 | 132
600 017 133 7 61 49 2453 | 1566 | 3092 125 3120 | ®2 | 1001 ’ 132
1000 03I | 1359 61 5 259% 1585 3105 125 T e TEEE T B 134
000 0 56 141 3 61 35 2984 1635 | 3138 125 330 | ®7 | WS | 137
1060 111 1483 6122 1568 1709 . 3180 | 125 58 1 &t 0} 141
OO0 167 153 7 ol 12 s06k 1770 | 3214 125 320 Y W Y e 144
foton 2 78 160 7 0 9% § 822 IR59 @ 31252 12 % 120 18 12 32 ' 148
1 4000 1 RY 164 5 TR 5278 1911 32 72 125 3 20 120 1276 150
16000 4 44 165 7 o) KR8 5419 1927 3277 125 320 421 12 90 151
20000 5 56 166 4 o0 K6 <514 1937 3278 125 320 &1 i el 151
24000 667 | 1662 @ 6087 | Sass | 1932 | 327 | 128 | 3% | &0 | 29 | 150
0000 % 11 165 0 ol 89 5 141 1912 3259 125 320 | 419 | n©O 149
W00 972 1636 60 92 Si68 | 1890 | 3245 | 125 320 | 418 | 1266 | M8
W0 1Ll 1620 60 95 1972 | 1865 | 3230 | 125 320 416 126 = 146
GO0 16 67 1540 6111 1103 1752 316l 125 320 | 9 | 118l 139
ROO00 2222 146 0 6127 3361 | 1653 | % 125 5 I 4 . we i 122
0000 2778 1382 6141 2758 | 1569 | 3033 | 125 313 | ¥s | B3 | s
1 20000 3333 . 1 1323 6l 51 2 360 1512 = 2987 125 320 3192 992 12.2
140000 18 RO 1275 61 59 2079 1470 2951 125 3% | B8 | 965 : 1R

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS Page 1 of 3



CALCULATION SHEET

CALC #

REV

M-662

&8

ZZ Boston Edison

DATE 25-NOV-97

SHEET 57 OF /03

PREPARED BY:

CHECKED BY: <N~

i

Table 16 - RHR Pump with 5% /Day Leakage Rate - 65°F Seawater Temperature

Fid 5-10 Lookup Lookup | Eq 19 Eq 21 Eq 22 Eq 23 Eq 24
P. Reg'd for
NPSHA of

Time Time Tp Density Pvp P Pgas Hz Hsl NPSHA 27 feet Margmn
{SCCs) thours) (°F) (bt ) {psta) ia) feet (feet) feet) feet) 1a feet)
130000 1167 135 3 61 63 1 969 14 70 2975 125 320 90 954 12¢
160000 14 123 8 61 65 1 880 1470 2994 i B 320 392 9 46 | 122
1 800600 S0 00 120K 61 7o 1.729 1470 3027 125 320 396 931 126
0000 52 78 119 3 6172 ] 658 14 70 30 43 125 320 397 925 127
JORMN) 55 36 118 0 6174 1 6t 1470 30 55 125 320 199 919 129
2 100 58 13 1i6 8 61 76 1 546 14 70 3067 125 320 400 914 130
0000 6111 156 61 78 1495 1470 3078 125 320 101 909 131
230000 6389 1145 61 80 1 451 1470 | 087 | 128 3120 402 905 132
OO0 66 67 1135 61 81 1410 1470 309 @ 125 3120 403 901 133
30000 69 44 1125 o] K2 1 370 14 70 31 08 125 320 4013 8 97 133
ML L 7222 111 5 i+ 84 ] 333 14 70 i1 13 125§ 20 40 4 |93 13 4
DTN TS 00 107 o] 88 1 0} 1470 3120 125 320 40 5 8 90 RN
2ROGOO 77.78 100 6] 86 1 278 1470 3125 125§ 320 06 R 8% 136
290000 R0 56 109 1 ol %7 1.243 i4 70 3132 125 320 406 8 &S 136
0000 %3 33 08 4 61 R% 1.217 1470 3137 125 320 407 S R2 137
000 86 11 107 % 61 8Y 1 194 1470 3142 125 320 407 8 80 137
12060060 RR RO 107 0 6] 0 1 169 1470 31 48 125 120 408 878 138
130000 91 67 io6 3 Ol 91 1 146 1470 3153 125 320 408 876 138
140000 ul 34 105 8 6192 1127 14 70 3157 125 320 409 874 139
150000 97.22 105 1 6193 1 105 1470 3161 125 320 409 8.72 139
3GOHON 190 06 ind 3 R ] 083 14 70 31 66 125 320 410 8 70 40
IRONOG 105 56 103 4 61 95 1 051 14 70 173 125 320 310 867 140
100000 11 23 6l 97 1 016 14 70 31 80 ] 125 320 411 863 41

RHR/CS Calc 25-NOV-97 File = NPSH6ES XLS
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CALCULATION SHEET PREFARED BY: ¥DK

CALC #  M-662 CHECKED BY: _,-d@"‘/l

REV _ E3 DATE  26-NOV-§7

SHEET 60 OF {03

Table 16 - RHR Pump with 5%/Day Leakage Rate - 65°F Seawater Temperature

F145-10] Lookup | Lookup | Eq 19 | Eq 2} Eq 22 Eq 23 Eq 24
P. Req'd for
NPSHA of
Time Time Tp Densaty Pyp P. Pgas Hz Hsl NPSHA 27 feet Margin
(secs) thours) {°F) (ibm/ft") (psia) 12 feet feet (feet) feet a feet
SO0 i IR 89 97 5 62 03 TELT 14 70 1208 125 320 414 8 50 i44
GOOODD 16667 940 6207 | 0791 My I 0 | 15 I8 416 R 42 146
700000 19444 914 6210 | 0729 | 1470 | 3240 | 125 | 320 47 8 36 147
ROO000 22222 K93 6212 0 682 147 | 24 | 125 | 312 48 832 148
900006 25000 874 62 15 8843 | 14 | 3287 | 125 | 3w 419 8 28 149
920000 25§56 @ 870 6118 | 9638 TR | 32.59 | 125 I 39 419 827 149

RHR/CS Caic 25-NOV-97 File = NPSH65 XLS
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CALCULATION SHEET - PREPARED BY VD~
%z Boston Edison ~
CHECKED BY ,@w’!

CALC # M-662

REV. __ E3 DATE  25-NOV-97

SHEET &2 o B3

Table 17 - Core Spray Pump with S%/Day Leakage Rate - 65°F Seawater Temperature

Fi45-10] lookup | Lookup | Eq 19 | Eq 21 Eq22 | Eq23 Eq 24
P. Req'd for
MPSHA of

Time Fime Tp Density Pyvp P, Pgas Hz Hsl NPSHA 29 feet Marg:n
{seCs) thonrs) (°F) (Ibm/ft ) _

1 S0O000 4167 1255 ol 63 1 969 i4 70 2975 125 23R 199 10 GS 109
6000 4444 | 1238 616s | Toie [ 1A | 2998 | 125 | 2% | @i | owm |
IROOO0  S000 | 1208 61 70 179 | 4™ | B | 125 | 2%W | w4 | Sm | 14
fonnn 52 78 191 61 72 1658 | 147 | W43 | 125 | 238 0s 975 ‘ 1s
NULLLL 35 56 1180 a1l 74 1 601 14 70 T30 55 ] 125 | 238 I -y | 9 70 | 317
0000 83T 1168 6l T iS4 | 14 | 067 | 125 | 23 O EGTTEEEE T
0D 6111 1156 61 78 1495 | 1470 | 07”8 | 125 238 09 960 119
200 63 89 114 8 61 R0 1 451 14 70 © 087 | 125 238 410 ‘ 95§ | 126
240000 66 67 113 8 61 X1 1410 13 70 3096 ! 325 23R . 411 | 951 i 121
AL 9 44 1125 ol B3 1 370 i4 70 11 08 ] 125 23R | 412 | 948 { 122
e 7323 s o1 K2 1 333 1470 13 128 23R 12 944 : 122
TN TS 00 107 o1 RS 1 14 70 3120 125 23R 413 941 123
RO 77 78 1100 6] K6 1 278 14 70 3125 125 238 414 939 24
OGN R0 S 109 1| 61 R? § 243 1370 3132 125 238 41 4 936 | 124
300000 ]3 313 108 4 o] X8 1217 14 70 31137 125 238 | 415 9133 125
OO0 R6 11 17 8 61 89 | 194 1470 1142 ] 12.5 2 3% 415 9 31 . 25
320000 K% 89 107 o R 1169 1470 31 48 125 238 | #1s 928 126
1000 91 67 106 3 61 91 1146 1470 3183 | 125 238 | 16 | 926 126
140000 93 44 105 8 6192 1.127 1470 11 57 1258 23R 8y i 924 { 127
W00 9722 . 1051 61 93 1ws | 147 @ 316l 125 IO T 12.7
2O 100 00 104 4 61 94 1 OR3 470 | 3166 | 125 In | as | 920 i2R%
IROOOD 105 56 103 4 6193 1 05§ 14 70 TR | 125 238 | 418 . 917 128
100000 111 11 102 3 6197 1 016 1470 3180 125§ 238 T 914 129

RHR/CS Calc 25-NOV-97 File = NPSH65 XLS Page 2 of 3



CALCULATION SHEET

CALC #

REV

SHEET

E3
. - RS

ZZ Boston Edison

DATE 25-NOV-97

oS 0l

PREPARED BY: PD M

CHECKED BY. _wei )V

Table 17 - Core Spray Pump with 5%/Day Leakage Rate - 65°F Seawater Temperature

Fld4 5-10 Lookup Lockup Eq 19 Eq 21 Eq 22 Eq 23 Eq 24
P.Req'd for
NPSHA of
Time Time Tp Density Pyp P. Pgas Hz Hsl NPSHA 29 feet Margin
{sCCS) thours) (°F) (/M) (psia) a) feet feet (feet feet a feet
SOOOO0 [IR RY 975 62 03 0 XR0) 14 70 3208 125 238 & | 901 | 132
GOOOON 16667 940 6207 0 791 14 70 3227 125 { 2138 424 893 134
GO00 19444 914 62 10 0729 14 70 32 40 125 2138 425 887 135
ROOGOO 222 22 | 89 3 6212 1 6R2 i4 70 3249 2.5 2 3R 426 8 83 136
OO0 25000 874 62 15 0641 1470 3257 125 238 427 879 137
G20000 258 86 870 62 15 it 615 14 70 3259 125§ 23R 427 878 137

RHR/CS Caic

25-NOV-97 File = NPSH65 XLS

Page 3 of 3



CALCULATION SHEET PREPAREDBY. POL K

-~ Boston Edison
> CHECKED BY: ol v~

CALC # M-662

REV E3 DATE 25-NOV-97

SEET a8 OF i

Table 18 - Containment Pressure Available @ 1%/Day Leakage Rate - 75°F Seawater Temperature

Lookup Eq 15 Eq 16 | FEq 17 Eq I8 | FEq 19
Time Tp Tp P\p M eax w Maas a7 M* P-
(Ibm/sec n'a Tbm/sec) Ibm)

16315 1535

1300 590 0 2.223

312 1339 | 593 7 2 453 0 00056 0108 C 0000581 | 312 ! 16315 ! i5 66
557 1195 | S99 % 2 853 000067 0116 | 000060 = 245 | 16315 | 1619
SX8 140 6 600 6 3 938 000082 0133 | 000072 31 | 16315 | 1629
619 1413 | 603 2 98K GODORE 0137 | 000074 31 16315 | 1636
656 1420 | 020 3041 000086 @ 0139 | 000075 37 16315 | 1643
29 147 R o7 8 1521 000087 0141 00007 = 313 16314 | 1704
| 281 1521 6121 1916 000099 0162 _ 000085 312 | 16314 | 1753
1 594 1583 | &1513 4235 000106 @ 0179 000090 313 [ 16314 | 1792
| 906 158 0 618 6 1520 000111 | 0192 | 000093 @ 313 | 16314 | 1826
2219 601 | 6201 4753 000116 0205 | 0000% 313 16313 | 1854
? 51} 162 0 622 0 4972 o001y ! 0214 C 0 00098 I 13 16313 | IR R
Y R34 163 7 623 7 517 0non? 0224 0 00099 3 L 4e%3 |} 19 08
1 186 165 4 625 4 5 noni2d 0232 0 aolol 3 16312 19 30
O T 1669 6269 53579 0non126 0241 000162 313 16312 ' 1952
2 7RI 168 2 628 2 5 749 0 00128 0249 000103 | 313 | W32 | 7N
1094 169 4 629 4 5912 000130 . 02% 000103 @ 313 | 16311 | 1991
1 406 170 4 630 4 6 049 000131 0263 000104 313 183 | 2007
1719 1713 631 3 6 175 000133 | @ 268 000105 ' 313 i 6311 ! 20 21
5031 1722 632 ) 6 303 000134 0274 . 000105 313 | 16310 | 2036
S 1730 6330 6 420 000135 0279 000105 . 313 T 1630 | 2049
S 656 173.7 633 7 6 522 000136 | 0284 | 200106 313 | 16310 | 2061
S 969 1744 634 4 6626 000137 . 28R L 000106 ! 3 ! 16309 ] 20 73
6281 1750 63iS 0 6717 000137 0292 L 000106 ' i3 16309 ! 20084
394 1758 7 638 7 6823 000138 029 000107 . 33 ' 16309 i 20 9%
6 06 1762 636 2 6 901 000139 0300 000107 : 3 16308 L2108
7157 176 7 636 7 6 979 000139 0303 000107 251 16308 @ 2114

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS



CALCULATION SHEET

CALC #

M-662

%mm

REV. _ E3
e

SHEET

OF

DATE 25-NOV-97

103

PREPARED BY: DR

CHECKED BY )@y’\

Table 18 - Containment Pressure Available @ 1%/Day Leakage

Rate - 75°F Seawater Temperature

Lockup Eq 15 Eq 16 Eq 17 Eq I8 Eq 19

Time Tp Tp Pvp My 5 s © Mias Al Mt* P
{scconds) (°F) (°R) (psia) (Ibmy/sec n/a Tbm/sec sec) (ibm) 14

7. 188 176 R 636X 6 995 G 00is0 0307 000107 31 16308 2115
9031 178 8 63K & 71315 0 00140 0307 000107 1845 16306 2152
12 498 181 0 641 0 7 681 000142 0320 000108 3.465 16302 219N
15 848 182 0 642 0 7 850 000145 0335 000108 3.350 16299 2212
19.325 182 3 6423 7 903 000146 0342 000108 3477 16295 217
22924 1822 6422 7 8RS 000146 0344 000108 3.599 16291 22 15
26.735 IR1 7 641 7 7 799 000146 0344 000108 LR AR 16287 2208
N 495 IRl 0 641 0 7681 000145 0 340 00008 3.760 16283 2191
14328 180 1 640 | 7 528 0 00§44 0336 000108 I8 16279 2173
RIS 1799 63V 0 7 348 000144 0330 000108 3.790 16275 2153
12011 1777 6377 7.137 000142 01322 000108 1892 16270 2128
1591 176 3 636 3 6916 0004 0314 000107 3907 16266 2103
19 R6H 1748 PRSI 6 6R7 L EY) 0 305 000107 1952 16262 20 76
-1 KR1 17313 TSR 6 463 003K 0 296 0 0016 j012 16258 20 50
57880 171 R 631X 6 246 000136 ) 286 0 00106 31999 16254 20 2%
1 998 170 3 630 3 6 035 000134 0277 0 00105 4118 16249 20 00
66179 168 7 628 7 SR17 000132 0269 000104 4 181 16245 1974
70 369 167 2 6272 S618 000130 0 260 000103 4.191 16241 19 51
74.594 1657 625 5425 000128 0252 000102 4225 16236 19.27
TR9IS 164 2 6242 $237 000126 0244 G 00lol 4321 16232 19 05
%3272 162 8 6228 S 068 000124 0236 0 00100 4357 16227 i% 85
X7.590 i6l 4 6214 4 903 00022 '(l 229 0 00099 4318 16223 18 65
91959 160 0 6200 3741 000120 0.222 0 00098 4369 16219 IR 45
9 318 158 7 6IR 7 1397 0no0n1iR 0215 0 00097 4355 16215 827
100 723 15758 617 3 1 166 0ounlte 0 209 0 00096 1,409 16210 1811
105 128 156 3 61613 3319 noold 0204 0 00098 4 405 16206 17 96
199 611 155 1 6151 1215 0Honti2 0 9% 0 00093 4484 16202 17 R0

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET - PREPARED BY: PbH-
Boston Edison |
CALC # M-662 z CHECKED BY: )@Vv’!
REV E3 DATE 25-NOV-97
SHEET 66 OF 03
Table 18 - Coniainment Pres: are Available @ 1%/Day Leakage Rate - 75°F Seawater Temperature
Lookup Eq iS5 Eq 16 Eq 17 Eq I8 Eq 19
Time Tp Tp Pvp m; gk @) Mias AT Mt* P-
(scconds) (°F) (°R) (ps1a) (1bm/sec) n/a Ibm/sec (seC) {Ibm 12
114124 154 0 640 4 103 n0ollo 0193 0 00092 4512 16198 | 17 66
118,662 1530 6130 1005 0 00108 0 188 000091 4539 16194 17 54
123306 1519 6119 3 897 0 00106 0184 000090 4644 16190 | 1740
127 958 1510 6110 IR12 000104 0179 0 00088 4649 16186 17.29
132637 1500 6lon 3718 060103 0176 0 000R7 4 682 16151 17 I8
137.29% 149 6 609 0 1628 006101 0172 0 00086 4.662 16177 17 06
141 980 148 1 608 1 1547 0 00099 0 168 0 00085 1682 16174 | 1696
146,749 147.1 607 1 3 460 0 00097 0165 0 00083 4.769 16170 1684
151 545 146 2 606 2 3383 0 00095 0161 0 00082 4,79 16166 | 1674
156,333 1453 605 3 3307 0 00093 0157 | 000081 4,789 16162 | 1664
161 157 144 5 604 S 1241 3 00091 0154 000079 4 823 16158 16 56
165 970 1437 603 7 3 176 0 00090 0151 0 00078 4813 16154 16 47
170 %14 1429 TR 3112 0 (KK 0149 O 00077 4844 16150 16 39
172 800 142 6 o2 1 1KY 086G 0 146 0 HOB7s5 1. 987 16149 16 36
I 76 40 1422 602 2 P 054 0 HODKS 0 145 0 00075 3,600 16146 16 %
IR0 0060 141 7 601 7 3020 t 00084 0143 000074 3,600 i6144 16 26
183 600 1413 601 3 2 9YR7 i) HO0R3 0142 000073 3.600 16141 16 22
187 200 140 8 600 X 2954 0 000R2 0 140 0. 00072 3.600 16138 1617
190 K06 140 4 600 4 2921 000081 0139 000071 3.600 16136 1613
194 300 140 0 GO0 0 2 RR7 0 00080 0138 0 00070 3.600 16133 16 08 :
198 000 139 5 599 5 2 R56 0 00079 0136 000070 3.600 16131 1604
201 600 139 1 599 | 2824 000078 0135 0 00069 3.600 16128 1 16 00
205 200 1387 398 7 2 792 0.00077 0133 0 00068 3,600 16126 1595
208 800 138 2 . 3 760 0 00076 0132 000067 3,600 16123 1591
212 400 1375 597 N 2 729 (00075 0131 0 00066 3.600 16121 1587
216 000 '3 3 397 2 699 000073 G129 0 00065 1.600 16119 15 83
219 60 156 9 596 Y Y 668 000072 0128 0 00064 3 600 6116 1578

RHR/CS Calc 25-NJOV-97 File = NPSH75 XLS
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CALCULATION SHEET - PREPAREDBY: PDW
Beston Edison
> CHECKED BY. " A7

CALC # M-662

REV E3 DATE 25-NOV-97

SHEET 67 OF _j03

Table 18 - Containment Pressure Available @ 1%/Day Leakage Rate - 75°F Seawater Temperature

Lockup Eq IS Eq 16 Eq 17 Eq I8 Eq 19
Time Tp Tp Pvp My Eax [ MGas AT Mt* P-

(scconds) (°F) (“R) (Bsua) {Ibim/sec) n'a) Ibmv/sec) {sec) {Ibm) ia)
223200 136 5 596 5 2638 000071 0.127 | 000062 3.600 16114 1574
226 800 1360 . 5960 2 607 000070 0125 | 000062 3600 16112 | 1570
230,400 1356 | 596 2 578 N00068 |~ 0124 | 000061 | 3600 16110 | 1566
234000 1352 595 2 7 549 000067 . 0123 | 000060 @ 3600 | 16108 @ 1562
237 €00 1337 | 5947 3 520 0 00066 0121 | 000059 = 3600 16106 1558
241 200 s | 594 3 2 491 000064 0120 © 000058 3,600 | 16103 | iS5 54
244 860 1338 = 5938 2462 000063 0119 | 000056 3600 16101 15 50
248 400 1334 | 393 4 2434 0 00062 0 117 C 000055 | 3,600 ! 16099 1546
252 000 1330 | s930 2407 000060 0116 | 000054 3600 | 16097 1542
255 600 1328 | %9358 21379 000059 0115 L 000053 ' 3.600 1 1609% | 1538
259200 1321 592 | 2 15) 000057 |~ 0114 | 000051 . 3600 | 16094 | 1534
262 K00 131 9 s91 0 2137 000056 @ 0113 | 000050 3600 | 16092 | 1532
sty 400) 131 7 591 7 ) 124 0 OO0SS 0112 000049 1600 | w0 | 183
270000 131 8§ 391 S 2 311 noooss 01N 0 00049 3.600 16088 1528
273 600 1312 591 2 2 208 000053 . 0111 | 000048 3600 | 16087 | 1526
277200 1310 $910 2 285 000052 @ 0110 | 000047 3600 16085 | 1525
IR0 RO 1308  S90R 22712 000052 . 0110 | 000047 = 3600 16083 | 1523
284 400 130 6 390 6 2258 000051 @ 0109 | 000046 = 3600 | 16082 | 1521
IRR 000 1304 | 590 4 2 245 000050 | 0 108 0 00045 | 1600 16080 | 1519
291 600 1302 5902 RRED) 000049 0108 | 000044 . 3600 16078 1517
295 200 1299 SR89 9 2219 000048 @ 0107 | 000043 3600 | 16077 | 1515
208 800 1207 | 5897 2207 000047 | 0107 | 00603 | 3606 | 16075 | 1513
302 400 120 5 89 5 3 194 DO08S  Giso | 000042 3,600 16074 1511
236, 000 129 3 589 3 2181 000045 0106 | 000041 3600 | 16072 1509
3109 600 129 1 589 | 2 169 000044 | 0105 | 000040 3600 16071 1508
113 200 128 9 588 9 2 156 000043 0105 T 000039 3.600 [ 16069 15 06
16800 1286 S8K 6 2144 000042 0104 000038 3600 16068 1504

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS Page 4 of 6



CALCULATION SHEET - PREPARED BY  PDH-
Boston Edison :

CALC #  M-662 " CHECKED BY s

REV  E3 DATE  25-NOV-97

SHEET &8 OF 103

Table 18 - Containment Pressure Available @ 1%/Day Leakage Rate - 75°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq I8 Eq 19
Time Tp Tp p My Eax o Mgoas AT Mrt* P

{scconds) £ (“R) (psi1a) (Ibm/sec) (n/a (Ibmv/sec {sec) (Ibm) 1a
120 400 1284 588 4 2 131 0 00041 0103 000037 3.600 16067 1502
24000 1282 588 2 2118 000040 0103 | 000036 | 3600 16065 1500
127 6iN) 128 0O SKK 0 2 106 6 00039 0102 0 00035 3.600 16064 14 98
131.200 1278 SRT R 2094 000038 0102 0.00034 3.600 16063 1497
134 800 127 6 587 6 2 082 0 00037 0101 0 00033 3 600 16062 14 95
118 400 1273 587 3 2 070 0 00035 0101 0 00032 3.600 16061 14 93
142 000 127 1 387 1 J 0S8 000034 0 100 000031 3.600 16060 i4 91
145 600 126 9 586 9 2 046 0 00033 0100 000030  3.600 16058 14 89
149 200 126.7 586 7 2036 006031 0 09% 0 00029 3.600 16057 14 88
152 8O0 126 6 SR6 6 2027 0 00036 0099 0 00028 1,600 16056 14 87
156 400 126 4 SR6 4 2017 0 00029 0098 0 00026 3.600 16055 14 85
160 000 126 2 SRG 2 2 008 0 00028 0 098 000025 31.600 16055 I4 84
163 600 1260 RGO | 9UR 000027 0097 000024 1600 16054 i4 82
7 200 1259 SNS 9 | URY O 1HNI2S 0097 000023 1.600 16053 14 81
170 R0 1287 SRS 7 | YK 000024 0 096 00022 3600 16082 14 80
174 400 1255 385 S 1971 000022 0096 0 00020 3.600 16051 1478
17K 000 125 4 385 1 1 962 0 00021 0 096 000019 3 600 16051 1477
IR1.600 1252 5832 1 953 000019 0 095 000017 3.600 16050 1476
185 200 1250 5850 1 944 000017 0.095 000016 3.600 16049 14 74
IKR 8iM) 1249 5849 1 935 000015 G094 000014 31.600 16049 14 73
192 400 1247 S84 7 1 926 Q00013 0994 000012 3 600 16049 1472
396000 1245 S84 S 1917 0 00010 0 094 0 00009 3.600 16048 1471
309 600 1243 S84 3 1 908 0 00005 0.093 0 00005 3600 16048 14 70
303 200 1242 3842 1 899 £ 00000 0091 0 060000 3.600 16048 14 70
i KO0 1240 S840 | R90 0 00600 0092 0 00000 3.600 16048 14 70
110 400 123 8 S8 N | 8R1 0 00000 0092 0 00000 1600 16048 14 70
114 000 1217 3R3 7 | 873 0 OGO00 0091 0 GO0 3 600 16048 14 70

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

PREPARED BY

£ Boston Edison

CALC. # M-862
REV E3 DATE 25-NOV-97

SHEET 69 OF 153

CHECKED BY

_PDhR

Fable 18 - Containment Pressure Available ‘@ 1%/Day Leakage Rate - 75°F Seawater Temperature
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CALCULATION SHEET

CALC #

M-662

ZZ Boston Edison

REV E3

SHEET 70 OF |03

DATE 25-NOV-97

PREPARED BY:

CHECKED BY: ‘@"\

PP

Table 19 - Containment Pressure Available @ 5%/Day Leakage

Rate - 75°F Seawater Temperature

Lookup Eq IS Eq 16 Eq 17 Eq i8 Eg 19

Time p Tp Pyp M o Maas a1 Me® Pe
iscconds) (°F) (“R) (psia) (Ibm/sec) (n/a) Ibmv/'sec (sec Ibm 12
1300 SO0 0 2223 16315 1535
12 133 7 593 7 2453 0 00280 0105 000253 312 16314 15 66
557 139 5 599 5 2 853 0 00335 0116 000301 245 16313 16 19
SKK 140 6 600 2935 0 00408 0133 0 00360 3 16313 16.29
619 1413 6] 3 2 Y8R 000420 0137 000370 31 16313 16 36
656 142 0 602 1041 000428 0139 000375 7 16313 16 43
969 147 8 o078 1521 0 00435 014 0 00381 313 16312 1704
1281 152.1 612 1 1916 0 00492 0162 (00424 312 16311 1753
| 594 155 3 615 3 4235 0 005%1 0179 0 00450 113 16309 17.92
1 906 158 0 H1R 0 1520 0 00557 0193 0 00467 313 16308 18 26
2219 160 1 620 1 1753 000578 0 205 0 00480 313 16306 18 54
Y 511 162 0 6220 J972 0 00594 0214 0 00489 313 16308 IR 8O
2 R44 163 7 623 7 5176 0 00607 0224 0 00496 313 16303 1904
1156 1654 625 4 S 387 000619 0232 0 00502 313 16302 1929
i T 1669 6269 53579 000631 0241 0 00508 313 16300 19 51
1781 168 2 628 2 5749 000641 0249 0 00513 3 16298 1971
i 094 169 4 629 4 5912 0 00649 0.256 000517 313 16297 19 90
1 306 170 4 630 4 6049 0 00656 0263 0 00520 113 16295 20 05
719 §71.3 6313 6.175 0 00663 0269 000522 313 16294 20.20
03] 1722 6322 6 303 0 00668 0274 000524 312 16292 20 34
5.344 1730 633 0 6 420 000673 0279 000526 313 16290 20 48
3 656 1737 6317 6 522 0 00678 0284 0 060528 3 16289 20 .59
3969 174 4 634 4 6626 0 00682 0 288 0 00530 313 16287 2071
6 2R1 1750 6330 6717 0 00686 0293 000531 313 16285 20 82
6 394 175 7 635 7 6 823 0 00690 0296 000532 313 16284 2094
O 9O 176 .2 636 2 6 9] 0 00694 0301 0 00533 313 16282 2102
7.157 176 7 636 6979 0 00696 0304 0 00534 251 16281 21 11

RHR/CS Calc 25-NOV-87 File = NPSH75 XLS
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CALCULATION SHEET . PREPARED BY VD4
=y Boston Edison :

CALC #  M-662 CHECKED BY:  ~ i A

REV. E3  DATE 25-NOV-97

SHEET 7l OF (03

Table 19 - Containment Pressure Available @ 5%/Day Leakage Rate - 75°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq 18 Eq 19

Time Tp Tp Pip My ax o Mias ar Mt* Pc
{seconds) (°F) (“R) (psia) (Ibm/sec) (n/a) Ibimy/sec {sec) Ibm) 1a

T IRK 176 8 636 % 6 995 0 00699 0307 0 00535 31 16280 2113
9 033 7% 8 638 R 7115 0 00700 0 308 0 00535 | 845 6271 | 2148
12 498 1810 6410 7 681 000710 0321 0 00518 3,465 16252 2188
13 B4R 1820 6420 7 8350 000722 01336 0 00530 3,350 16234 2206
19.325 iR23 642 3 7 90} 000726 0344 0 00541 3477 16215 2210
22,924 182 2 642 2 7 885 000727 0 346 0 00540 1,599 16196 2206
26.735 1817 6417 7799 0 00726 0 346 0 00540 3811 16178 | 2195
3495 1810 641 0 7681 000723 03I 0 00539 3.760 16155 21 80
i4 328 186G 1 640 1 7 528 000719 0338 0 00537 R RE 16134 2161
R IR 1790 6390 748 000714 0333 0005236 2,790 16114 | 2139
12011 177.7 6377 7137 0 00708 0326 0 00534 3892 16093 2113
15 91X 176 3 6363 6916 0 00700 0317 0 00531 3.907 16072 20 86
19 R0 174 8 6348 O OR7 000691 0309 0 00528 3.952 6051 20 58
33 8K1 173 3 6 O 463 0 IMIGKRD 0299 000828 4012 Fest136) S0 30
37 880 1718 631 6 246 000672 0 290 000521 3 99y 16010 2004
61 998 {70 3 6301} 6 035 0 00662 0282 000516 4118 15988 1977
66179 168 7 628 7 SR17 0 00652 0273 000512 4 IR1 15967 19 50
70 369 167 2 6272 S6IR 0 09640 0264 0 00506 4.191 15946 19 25
74594 1657 6257 5425 0 00629 0256 0 00501 4.225 15925 19 01
IR OIS 1642 6242 5237 000618 0248 0 00495 4321 15903 18.77
83.272 162 8 622 8% S 06X 0 00606 0241 ) (48R 41357 15882 IR 55
&7 590 161 4 6214 4903 0 00594 0234 0 00482 4 31IR 15861 I 4
91 959 160 0 6200 4 741 0 00582 0227 0 00475 4369 15840 IR 13
96 31S 158 7 618 7 4597 0 GOS70 0220 0 00457 4. 355 15820 1794
06 723 1575 617 5 1 466 0 00558 G214 0 00460 4,409 1 5800 17.77
105 128 156 3 6163 3339 0 00547 0209 0 00453 4 408 15780 17 60
149 611 155 1§ 615 1 1215 0 0Ns3s 0204 0 00445 4484 15760 1743

RHR/CS Calc 25-NOV-S7 File = NPSH75 XLS
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CALCULATION SHEET PREPARED BY

- "
= Boston Edison
¥  M662 CHECKED BY

DATE 25-NOV-97

Fable i9 - Containment Pressure Available @ 5%/Day Leakage Rate - 75°F Seawater Temperature
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CALCULATION SHEET - PREPARED BY: PD}&
Zz Boston Edison
CALC #  M-662 CHECKED BY: o DDAt
REV E3 DATE 25-NOV-97
SHEET ?3___ OF [03
Table 19 - Containment Pressure Available @ $%/Day Leakage Rate - 75°F Seawater Temperature
Lookup Eq 15 Eq 16 Eq 17 Eq I8 _;’n‘ 19
Time Tp Tp Pyvp ™My gk a] MGas a7 Mt P
{sceonds) (°F) {(°R) (psi1a) (Ibnvsec) (n/a Ibm/sec {sec) (Ibm i 12
223200 136 5 596 5 2 638 000246 0133 000217 3.600 15382 1515
226800 136 0 596 0 2607 ¢ 00235 0131 0 00208 3600 | 15375 | 1510
230,400 115 6 595 6 2578 0 00223 0130 000197 3,600 15368 1506
234 000 i35 2 595 2 2549 000211 0129 000187 3.600 15361 1501
237 600 1347 5947 2 520 0060198 0127 000176 3.600 15355 i497
241200 1343 S94 13 2.4 000184 0126 000163 3.600 | 15349 14 93
244 800 133 8 S93 8 2 462 000169 0125 0 00150 1,600 15343 14 88
248 400 133 4 393 4 2434 000153 0123 000136 3.600 15339 14 84
232 000 1330 930 2 407 000138 0122 000i20 3600 15334 14 80
255 600 1325 92 3 11379 000115S 0121 0 8102 3,600 15331 | 147
259 200 132 1 592 1 2 351 0 00090 0119 0 00080 3.600 15328 | 1472
262 800 1319 5919 1337 0 00055 0118 0 00049 3.600 15326 14 70
206 400 1317 9] 7 ? 124 000021 0118 000021 3 600 15325 14 70
270 000 315 391 3 Y 311 0 0D000 011? 0 0OO0D0 3600 15325 1476
273 600 131 2 9§ 2 2 29R 0 00000 016 0 OGHOO 3.600 15325 i4 70
277.200 131 0 $91 0 2 285 0 HO000 0115 0 00000 3.600 15325 14 70
IR0 R0O0 130 8 90 8 2272 0 00000 01i4 0 00000 3,600 15325 1470
R4 300 130 6 S90 4 2258 (1 00000 14 0 6GO000 3,600 15325 1470
IRR 0060 130 4 SO0 § 2245 0 00000 0113 0 00000 31,600 15325 14 70
291 600 130 2 390 2 2232 0 GO0HO 0112 0 00000 3 600 15328 1470
295200 1299 3899 2219 0 00000 011i 0 00000 3.600 15325 14 70
29K 8O0 129 7 S8Y 7 2 207 0 00000 0111 0 00000 3.600 15325 1470
2 400 129 5 SRy S 2194 0 00000 0110 0 00000 3,600 15325 1470
06 000 1293 U 2 181 0 00000 0109 0 00000 3.600 153258 1470
309 600 129 1 3R89 | 2169 £ 00000 0 108 0 00000 1.600 15325 14 70
113200 128 9 SRR 9 2 156 (1 H0000 0 108 0 00000 3 600 15328 1470
316 RO0 1286 SRK O 2144 0 GUO0o 0107 0 00000 3 600 15325 i4 70

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC #

M-662

ZZ Boston Edison

REV E3

SHEET

o

OF

DATE 25-NOV-97

103

PREPARED BY:

CHECKED BY: _)@\A/I

PR

Table 19 - Containment Pressure Available @ 5% /Day Leakage

Rate - 75°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq IR Eq 19

Time Tp Tp Pyvp m; g ax ) Maas Aal Mt* P-
tseconds) {°F) ("R) (psia) {Ibm/sec) (n/a) (Ibm/sec) (sec) Ibm) 1a
120 400 1284 SRR 4 2 131 0 00000 0 106 0 00000 3600 15325 14 70
224,000 128 2 SR8 2 2 1R 0 60000 0105 0 00000 3600 | 15325 14.70
127600 1280 SRK 0 2 106 1) 00000 0.105 0 00000 3.600 15325 1470
131,200 1278 SK7 8 2 094 0 00000 0104 0 00000 3,600 15325 1470
134 Ro0 127 6 SR7 6 2 082 6 0OH000 0.103 (1 00000 3 600 15325 1470
13I8 400 1273 587 3 2 070 0 00000 0103 0 00000 3.600 15325 i4 70
142 000 1271 S87 1 2 0S8 € 00000 0102 0 00000 3600 15325 1470
145 600 126 9 RGO 2 046 0 00000 G 101 0 00000 3. 600 15325 14 70
149 200 126 7 SR6 7 2 03 0 00000 0101 0 00000 3.600 15325 i4 70
152 800 126 6 SR6 6 2027 (4 00000 0 100 0 00000 3.600 153258 1470
156 400 126 3 SR6 4 2017 0 00000 0099 0 00000 3.600 15325 14 70
160 000 126 2 SR6 2 2 O0R ) 00000 0099 0 00000 3.600 15325 14 70
6 600 1260 SR 0 | 998 () O0DHO0 0 098 0 00000 1 600 15325 14 70
W67 200 1259 SRS 9 1 YRY 0 OO0 () 1198 0 OODO0 1600 153258 14 70
170 800 125.7 SRS 7 1 YRO 1 O000N0 0097 0 00000 1600 15325 1470
174 400 125§ SRS S 1971 0 00000 0097 0 00000 3.600 15325 14 70
178 000 1254 585 4 1 962 0 00000 0.0%6 0 0000 3.600 15325 i4 70
IR 600 1252 3852 1 953 ) 00000 0 096 0 00000 3.600 15325 14 70
185 200 1250 SRS 0 1 944 0 00000 0095 0 00000 36060 15325 1470
IRK 8O0 1249 5819 i 935 0 00000 0095 0 00000 3,600 15325 1470
192 400 i247 S84 7 1 926 0 00000 0094 0 00000 3600 15325 14 70
356 000 1245 384 S 1917 0 00000 0094 0 00000 3.600 15328 1470
199 G0 1243 3843 1 Y08 £ 00000 009 0 00000 3.600 15325 1470
403 200 1242 842 | 899 0 00000 0093 0 00000 3 600 15325 14 70
4006 Rix) 1240 R4 0 1 R90 0 00000 ¢ 092 0 00000 3 600 15325 1470
410 300 123 8 S8 K 1 881 € H0000 0092 {1 00000 3.600 15325 1470
114 000 1237 383 7 1 R 0 00000 009} 0 00000 3.600 15325 i470

RHR/CS Caic 25-NOV-97 File = NPSHT75 XLS
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PREPARED BY: VDK

CALCULATION SHEET -
- CHECKED BY: _so" ) V1

CALC # M-682

REV E3 DATE 25-NOV-97

SHEET 75 OF _J0o3

Table 19 - Containment Pressure Available @ 5%/Day Leakage Rate - 75°F Seawater Temperature

Lookup Eq 15 Eq 16 Eq 17 Eq IR Eq 19
Time Tp Pvp My Ak [} Moas AT Mt* P-

{scconds) (°F) {psia) (Ibm/sec n/aj (tbnv/sec (sec) (Ibm) 13)
417,600 1235 1 864 0 D000 0091 0 00000 3.600 15325 14 70
421.200 1233 1 855 0 00000 0 090 0 00000 3 600 15325 1470
124 800 1231 | 847 0 00000 0.090 0 00000 3,600 15325 14.70
428 400 1230 1 R3R 0 00000 0089 0 00000 3.600 15325 14 70
432 000 1228 1 830 4 00000 0.089 0 00000 3.600 15325 1470
S18.400 1202 2 1 702 () 00000 0088 0 00000 86,400 15325 1470
604 RO 1182 2 1 610 0 00000 0081 0 00000 86400 15325 i4 70
691 200 1162 2 1522 0 00000 0077 0 00000 £6.400 15325 14 70
777,600 1143 3 1442 0 00000 0072 0 00000 86400 15125 14 76
R64 000 1123 1 1 362 0 00000 0068 0 00000 86400 15325 14.70

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC. #

M-662

REV E3

ZZ Boston Edison

DATE 25-NOV-97

SHEET . OF o9

PREPARED BY:

CHECKED BY: o 2V

Pt

Table 20 - RHR Pump with 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

Time Tvme Tp Densiny Pyp P Pgas Hz Hsl NPSHA 27 feet Margin
{secs) thours) (°F) (tbrv/f1 ) (psia) 1a) feet) (feet) (feet) (feet) s1a feet)

Plotted Plotted Plotted Plotted

on fig 6 on Fig 6 on Fig 6 on Fig 7
12 009 | 1337 61 49 2453 | 1566 | %09 | 1250 320 102 10 01 132
557 015 139§ 6l 3R 2 8N 16 19 1 31.28 12 50 3.20 40 6 10 40 136
SRK 416 1406 61 36 2 935 1629 3135 12 50 320 406 I 48 136
619 017 1413 61 35S 2 YRR 16 36 3139 12 50 3.20 407 i0s3 13.7
6560 018 142 0 61 34 3041 16 43 31 43 12 50 3120 407 10 58 537
969 027 147 8 6123 3521 1704 31.79 12 50 320 411 1105 141
1 2X1 36 1521 6115 1916 17.53 | 3206 12.50 320 414 1143 i44
1.594 044 1553 6l oY 4 23§ 17.92 3226 12 50 320 416 1174 146
1 906 53 ISR ol 0g 4520 IR 26 1243 1250 320 417 1202 147
2219 062 160} O Y 3753 18 54 32 56 12 50 320 49 12.25 149
2 53 9 70 62 0 ol 98 4972 1% 81 12 68 12 50 120 420 12 46 150
D844 079 163 7 6 2 517 19 08 3279 12 50 320 21 12 66 151
1156 088 1654 61 8% S 387 19 30 32 89 12.50 320 422 12 87 152
3 469 0 96 166 9 60 RS 5579 19 52 3299 12 50 3120 423 13 06 153
3 781 105 168 2 o) 82 5749 1972 3307 12.50 320 424 13.23 154
i094 114 169 4 o RO 5912 19 91 3315 12,50 320 424 1338 154
1 406 1.2 170 4 60 TR 6 049 2607 3321 12 50 320 425 13.52 5.5
4719 1 31 1713 60 76 6175 2021 33.27 1250 320 426 1364 I56
S 03} 1 40 172.2 6O 74 6 303 20 36 33 33 12 50 320 426 1377 iI56
344 i 48 173 0 o 72 6420 20 49 313 38 12 50 320 427 13 88 15.7
3656 1 57 173 7 o 7} 6522 20 61 33 42 12 50 220 2.7 13 98 157
5.969 I 66 174 4 o 69 6 620 2073 33 47 12 50 320 428 14 09 IS8

RHR/CS Calc 2

-NCV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC #

REV

M-662

E3

ZZ Boston Edison

DATE 25-NOV-87

SHEET _ 77 oF s

PREPARED BY:

CHECKED BY: st ))W~7

Poit

Table 20 - RHR Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

Fid5-10] Lookup Lookup { Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P- Req'd for
NPSHA of

fime Trme Tp Density Pyp P- Pgas Hz Hsl NPSHA 27 feet Margin
{secs) (hours) (°F) (bt (psia) (psia) {feet) feet) feet) (feet) 12 (feet)
6 28] 173 1750 06 OX 6717 2084 3351 12 50 320 428 14 18 IS8
6594 i 82 175 7 60 66 6823 20 9% 3355 12.50 £~ 20 429 1428 159
6 M6 192 176 2 Ol 6S 6901 2108 33 5% 12 50 120 429 14 36 I59
T.157 | 99 176 7 O 64 6979 2114 3361 12.50 320 429 14 43 159
7 188 2 00 176 8 G0 64 6 99s 2115 31362 12 50 3.20 429 14 45 159
9033 251 178 8 66 6 71315 2152 33.75 12 50 320 430 1476 160
i2 498 3.47 IRt 0 o0 55 7 681 219 3388 1250 320 432 1512 162
ISR48 440 182 0 61 53 7850 2212 13194 12 50 320 412 1529 162
19,325 5.37 1823 60 32 7 903 22.17 3395 12.50 320 433 1534 163
2924 617 182 2 60 52 7885 | 2215 | 3394 | 1250 | 1320 432 15 32 162
26738 7 43 181 7 o1 33 7 799 2208 33 90 12 50 3120 432 1524 162
1 4935 R 47 1%1 0 ol 85 7 6X1 21 9] 313 R4 i2 50 320 431 1512 16 1
4328 934 184 i o 87 7 528 21.73 33.77 12 50 320 431 14 97 16 1
IR 1IR 10 59 179 0 O 59 7 348 21 53 13 69 i2 50 20 43 0 14 80 160
201 i1 67 1777 o0 62 7137 2128 33 60 12 50 3.20 429 1459 159
15918 1278 176 3 60 65 6916 2103 33 50 12 50 3.20 428 1437 IS8
49 869 1385 174 8 60 68 6 687 2076 3340 12 50 320 427 14 15 157
51 881 1497 1733 60 72 6 463 20 50 3329 12.50 320 426 1393 156
37 8RO 16 08 1718 o0 75 6 246 2025 319 12 50 320 425 1371 IS5
61 99R 1722 170 3 o0 7% 6 035 20 00 3308 12 50 3.20 424 13 51 154
66 179 I8 38 168 7 GO X1 SR17 1974 3297 12.50 320 423 13.29 i53
70 369 19 55 1672 60 RS 5618 19 51 3287 12 50 320 422 13 10 152
74594 20 72 165 7 o0 88 5 425 1927 32.76 12.50 320 421 12 91 151
TR 9IS 2192 164 2 6O 9] § 217 905 32 66 12 56 120 420 12.72 I50
R3.272 2313 162 8 6 94 S 06K iR 85 32 56 1250 326 419 12 56 149

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS




CALCULATION SHEET -~ PREPARED BY: ¥Thi—
Boston Edison =
. CHECKED BY: _o? D)1

CALC. & M-662

REV E3 DATE 25-NOV-97

SHEET 78 OF 103

Table 20 - RHR Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

F145-10] Lookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P Req'd for
NPSHA of

fime Time Tp Densin Pyp P. Pgas Hz Hsl NPSHA 27 feet Margin
(secs) {hours) (“F) (tbavft ) (psta) ©1a) feet feet feet) feet a) feet)
K7 590 24 33 161 4 o 97 4 9203 I8 65 31246 12 50 320 418 12 40 148
91959 2554 1600 6l 99 4741 | 184S | 3237 | 12% | 32 | M7 | 1M | 147
9315 | 2675 @ 1587 61 02 3597 | 1827 | 3228 | 1250 | 320 | #16 | 1210 | 146
00723 2798 | 1575 61 04 4466 | 1811 | 3219 | 12% | 320 | 5 | ny? | 145
[0S 128 2920 1563 61 07 3339 | 179 | 3211 | 12% | 320 | a4 | nse | 143
96l 3045 1551 61 09 i2is | TS | e | Bw | ] Y] BN 1 W
114124 3170 154 0 6111 a3 | 1766 | 3195 | 129 | 330 | 412 | 1161 | 142
HR662 3296 153 0 ol 13 1005 1764 | 3188 | 125 | 320 | 412 | 1182 | 142
123.306 134285 | 1519 &1 .18 1 R97 17 40 { 31 80 | 12 50 { 320 -8t} | 141 ] 141
127985 15 84 1510 ol 17 1812 1729 | 3174 | 1250 | 320 | 410 | 1133 | 140
132637 3684 150 0 ol 19 1 7IR 1718 | 3167 | 12%0 | 32 410 124 ' 140
137.298 84 149 0 i 2 362X 17 06 ] 60 ‘ 12 50 120 J0ou 1115 ' 139
141 980 39 44 148 1 61 23 3547 16 96 3153 0 1250 320 408 TP SR 138
1467499 307 | 1471 6125 3 460 1684 3147 | 1250 320 | #8 | 109 | 138
151545 4210 | 1462 6l 26 3383 | 1674 | 3140 | 12% YIEW IR ENE TR 137
156333 4343 | 1453 61 28 3307 1664 | 3134 | 1250 330 | W6 | 1084 | 136
161,157 4477 1445 6130 340 | 169 | 311 | AW | 330 | @8 | WW | s
165970 4610 | 1437 61 31 31% | 1647 | 3123 | 1290 v T 135
170814 | 4745 | 1429 61 X2 3112 | 1639 | 3117 | 1250 | 30 | S | 196 | 135
172800 4800 1426 61 33 3089 | 1696 | 3148 | 129 | 320 | oS | W&l | 1S
176,400 4900 1422 61 34 1084 1631 | 3112 | 125 320 | %04 | 09 134
180 000 000 @ 1417 &1 18 3020 16 26 3109 0 1250 320 | e | 10 56 134
IR3600 5100 1413 61 35 2 987 1622 3106 1250 330 | W4 | 10 53 134
187200 200 140% 61 36 2954 1617 3102 1250 30 | W3 | BN | 133
190 RGO 3300 140 4 6l 37 2921 16 13 © 3099 1250 120 403 ' 10 46 133

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS Page 3 of 6



CALCULATION SHEET

CALC #

REV

M-662

E3

SHEET 19 OF 103

DATE

%mm

25-NOV-97

CHECKED BY:

{

PREPARED BY: _Pbi-

7,
@

Table 20 - RHR Pump with 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

Trme Nime Tp Density Pyvp P, Pgas Hz Hsl NPSHA 27 feet Margin
(SCCs) (hours) (°F) 8 (bnvft ) (psia) (psia) feet feet (feet feet) a) feet)
194 300 54 00 1300 61 38 2 887 16 08 30 95 12 .50 320 403 10 43 133
19X 000 S500 1395 61 38 2856 1604 | 3093 | 1250 Y EN CEBEE T 132
201 600 56 00 139 ] 61 39 2824 16 00 30 90 12.50 320 402 1037 13.2
205 200 57 00 138 7 61 40 2.792 1595 30 87 12.50 320 402 10 34 132
20K RG) S8 00 138.2 61 41 2.760 1591 30 R4 12 50 320 40! 10 31 131
212 400 S9 00 137 R 6l 41 2.729 1587 30 81 12 50 320 40 1 1028 131
216000 60 00 1373 ol 42 2699 1583 30.77 12.50 320 101 10 25 131
219 60N 6100 136 9 6l 43 2 668 1578 3074 12.50 320 400 10.22 130
223200 62 00 1365 61 44 2 638 1574 30 71 12 .50 320 400 1019 130
226800 6300 | 1360 61 45 2607 1570 @ 3068 | 1250 120 400 10 16 130
230 400 64 00 138 6 61 45 2 578 15 66 30 65 12 50 120 00 013 30
234 000 6HS () 13582 61 36 2 S4Y 1562 G 62 12 S0 320 199 10 10 129
237 600 GO 00 134 7 ol 47 2 520 15 5% 30 59 12 50 3 20 3199 1008 129
241200 67 00 134 3 6] 48 2 491 1554 30 56 12.50 120 399 10 05 129
244 800 6K 00 133 8 o1 48 2462 15 50 30 53 12 50 320 398 1002 128
248 400 69 00 133 4 61 49 2 434 15 46 30 50 12.50 320 198 999 I128
252 000 70 00 1330 6l S0 2 307 1542 G647 12 50 320 98 997 128
355 GO0 71 00 1325 61 51 213179 1538 0 44 12.50 320 397 994 127
259200 7200 132 1 61 51 2 351 1534 30 41 12 50 320 3197 991 127
262 800 73 00 1319 o1 %2 2 337 1532 30 39 12.50 320 397 990 12.7
266 400 7300 31.7 61 32 2 324 15 30 30 38 12 50 320 397 989 127
270 000 73 00 1315 61 33 231 1528 30 35 12 50 320 397 9 87 127
273 600 T6 131.2 61 53 2298 1526 30 35§ 12 50 3120 3196 9 R6 126
277.200 77 00 1310 6] 33 2 28§ 1525 30 33 12.50 320 96 9 8§ 126
IR0 KO0 T8 00 1308 6! 34 2272 1523 30 11 12 50 320 396 9 84 126

RHR/CS Calc

> 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET - PREPARED BY: PDH-
Boston Edison :
CALC # M-662 4 CHECKED BY: __é?\/\/l
REV. E3  DATE 25-NOV-37
SHEET 80 OF _jo3
Table 20 - RHR Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature
F14 5-10] Lookup Lookup | Eq 19 | Eq 2! Eq 22 Eq 23 Eq 24
P Req'd for
NPSHA of
Time Time Tp Density Pyp P- Pgas Hz Hsl NPSHA 27 feet Margin
{sces) (hours) (°F) (bt ) (ps1a) 14 feet feet (feet) (feet) a) feet)
e e
_84 400 79 00 1306 o1 54 2.258 15.21 30 30 12.50 320 396 982 126
KK 00 KO 00 130 4 61 54 2 245 1519 30 28 12 50 5 | P8 | 9 81 | 126 '
29t 600 81 00 1302 61 55 2232 1517 30 27 12 50 320 196 R 126
295200 82 (0 1299 61 558 2.219 1515 30 25 12.50 320 396 978 126
29K 8O0 K3 00 129 7 61 55 2 207 1513 3023 12 50 320 395 9.77 125
312 00 84 00 129 5 61 56 20194 1511 022 12.50 320 395 976 125
Wi 000 85 00 1293 61 56 2 181 1509 30 20 12 50 320 3195 975 12§
09 GO0 86 00 129 1 6157 2 169 15 08 30 19 [2 50 320 395 974 125
113200 87 00 1289 6l 57 2.156 1570 30 17 12 50 120 3958 972 125
316 %00 KR 00 128 6 61 37 2134 1504 016 12 50 320 395 971 125
1200 JUMi R 00 128 4 6] S8 2131 1S 02 30 14 12 50 320 94 970 124
124 00 SR 1282 6l 38 > 1IN 15 00 3013 12 50 320 94 969 124
107 i a1 on 128 0 1 SX L 14 Y8 011 12 50 120 14 4 9 68 124
3131200 92 00 1278 61 39 2094 14 97 009 12 50 320 94 9 66 i24
134 800 93 00 1276 i1 59 2 0R2 14 95 30 08 12 50 320 394 965 124
IR 400 94 0F) 1273 61 o0 2070 14 93 310 06 12 50 320 394 964 124
42 000 975 00 1271 61 60 2 058 14 91 30 05 12 50 320 393 963 123
145 600 9% O 126 9 61 6o 2 046 14 89 003 12.50 320 3913 962 123
149 200 97 06 126 7 6l ol 2 036 14 88 30 02 12 50 320 393 961 123
132 RO YR 00 126 6 SE 2027 4 R7 30 01 12 50 120 3913 9 60 123
156400 99 00 126 4 61 61 2017 14 85 30 06 12.50 320 393 959 123
GO 000 100 GO 126 2 o1 61 2 008 14 84 29 99 12 50 220 393 958 123
363 600 10} 00 126 0 61 62 1 YUR 14 R2 29 98 12.50 320 3193 957 123
IGT 2000 102 00 1259 6162 1 989 14 81 29 96 12 50 320 393 9 56 123
1T 800 103 00 128 7 6l 62 1 Y80 14 80 29 95 12 50 320 3193 9 58 123

RHR/CS Calc 25-NOV-97 File

= NPSH75 XLS
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CALCULATION SHEET

CALC #

M-662

REV E3

PREPARED BY:

P

-~
Z= Boston Edison :
o CHECKEDBY: st~

DATE 25-NOV-97

SHEET 8l e e

Table 20 - RHR Pump with 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

Time Time Tp Density Pyp P Ppas Hz Hsl NPSHA 27 feet Margmn
{sees) thours) (°F) (Ibnv/ft) (psia) {psia) feet) feet (feet) (feet) a) (feet)
174 400 ied 00 125 % 61 63 1971 1478 2994 12 50 320 3192 955§ 122
IRO00 10500 1254 61 63 1 962 1477 2993 1250 3120 392 9 54 122
K160 10600 1252 61 63 1 953 14 76 2992 12 50 320 392 951 12.2
IS 200 107 00 125 0 61 63} 1 944 14.74 2991 12 50 320 192 9.5 12.2
18K RO 108 00 1249 o1 64 1 935 14 73 29 90 12 50 320 392 951 122
162 400 109 00 1247 6l 64 1 926 14.72 29 89 12 50 320 392 9 50 122
T3 000 11000 124 5 6l 64 1917 1471 2987 12 50 320 392 949 12.2
WY 600 11100 1243 6ol od 1 908 1470 29 88 12 50 320 392 9 48 122
403 200 112 60 1242 6165 1 899 1470 29 90 12 50 3.20 392 9 48 122
106800 11300 1240 61 65 1 890 14 70 2992 12 50 320 392 947 122
410 400 114 00 123 % 61 65 | 881 1470 2994 12 50 320 392 9 46 122
414 000 115 00 123 7 ol 63 ] 873 14 70 29 96 12 50 320 33 9 45 123
417 600 1o oo 123 3 ] GO i 864 14 70 29 9% 12 50 20 193 944 123
421.200 117 00 23 3 ol 66 | 835 14 70 0 00 12 50 320 63 943 123
124 800 IR 00 123 1§ 6l 66 I R47 1470 3002 12 50 320 393 943 123
128400 11900 1230 61 66 1 838 14 70 30 04 12 50 320 3193 942 12.3
432 000 120 00 1228 61 67 1 830 14 70 30 0S5 12 50 320 194 94i 124
SIS 400 144 00 1202 6171 1 702 14 70 30133 12 50 320 196 929 126
604 R0D0 168 00 1i8 2 61 74 1610 14 70 30 53 12 50 320 98 920 128
091200 192 00 1162 61.77 1522 14 70 30.72 12.50 320 400 911 130
77600 21600 1143 61 80 1442 1470 30 89 12 50 3120 402 904 1312
K64 000 230 00 123 o1 83 1 362 14 70 31 06 12 50 320 404 R 96 134

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET
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Table 21 - Core Spray Pump with 1%/Day Lea
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CALCULATION SHEET

CALC #

REV

SHEET 83 OF

M-662

E3

ZZ Boston Edison

DATE 25-NOV-97

|03

PREPARED BY: PDH-

CHECKED BY: _M\«q

Table 21 - Core Spray Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

F145-10] Lookup | Lookup | Eg 19 | Eq 21 Eq 22 Eq 23 Eq 24
P.- Req'd for
NPSHA of

Time Time Tp Densiny Pyp P Pgas Hz Hsl NPSHA 29 feet Margin
{secs) thours) (°F) (bm/f) (psia) ia {feet (feet) (feet) (feet) 12 feet)
6 2%1 174 1750 60 68 6717 20 84 3351 12.50 238 436 1467 146
6594 | R3 1757 Ol 66 6821 20 96 3355 12 50 238 437 1478 147
6 906 192 176 2 60 65 6 901 2105 33 58 12.50 23 437 14 85 147
1457 199 176.7 o 64 6979 21 14 3361 12 50 238 437 14 91 147
7. 188 200 176 8 Ol 64 6 99§ 2115 3162 12 50 2138 437 1495 147
Y033 251 178 8 Ol 6O 7315 21.52 3375 12.50 2.38 43 9 1526 49
12,498 347 1810 00 55 7 681 2193 1388 12 50 238 40 1562 150
15 848 140 1820 60 53 7 850 22.12 3394 12 50 2.38 41 15.79 is1
19.325 537 1823 60 52 7903 2217 3395 12 50 238 441 1584 151
22924 637 1822 ol 32 7 883 22 15 3394 12 50 2138 41 15 82 151
26.735 [ & 181 7 Ol 33 7 799 22 05 3131 90 12 50 238 440 1574 150
NI UM X 47 IRI O oty 33 T 681 2191 313 84 12 50 23R 440 1562 iIso
34 328 9 34 180 } o) 57 749 21.73 33.77 12 50 238 439 1547 i49
S IS 10 59 1790 6H 59 7 4R 2153 33169 12 50 238 438 15.29 48
42011 1167 1777 ol 62 7.137 2128 33 60 12 50 2138 437 1508 147
15 918 12 75 176 3 6 63 HOt, 2103 33 50 12 50 2138 136 14 87 140
19 R6Y 13 85 1748 H0 68 6 687 20 76 3340 12.50 238 435 14 64 145
33 881 14 97 1732 o 72 6 463 2050 3129 12 50 238 434 i442 144
57 880 16 0% 1718 o 78 6 2406 2025 3319 12 50 238 433 14 21 143
61 998 7.2 170 3 ot TR 6 035 2000 3308 12 50 23R 432 14 00 142
66179 I8 3% 168 7 60 81 5817 1974 3297 12 .50 238 i3 13.79 141
70369 19 55 1672 60 RS SOI8 19 51 3287 12.50 238 430 13 60 140
74 594 2072 165 7 61 8K 5425 1927 32.76 12.50 23R8 429 13 41 139
7R 915 2192 1642 o0 vl 5237 19 05 32 66 12 50 238 42 8 1322 I8
83.272 2313 162 8 ol 93 S O6R I8 85 32 56 12 50 2138 42.7 13 06 13.7

RHR/CS Calc 25-NOV-97 File = NPSHT75 XLS
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CALCULATION SHEET - PREPARED BY  VYDM-
Zs Boston Edison
CALC #  M-662 - CHECKED BY: _@}VI

REV E3 DATE 25-NOV-97

SHEET 81 OF 03

Table 21 - Core Spr+, Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

F14 5-10]| Lookup Lookup | Eg 19 Eq 21 Eq 22 Eg 23 Eq 24
P Req'd for
NPSHA of

Time Time Tp Density Pvp P Pgas Hz Hsl! NPSHA 29 feet Margin
(sCCS) 5 (bt ) NY , ' (feet) (feet) feet)
87590 24133 161 4 o0 97 4 903 18 635 12 46 12.50 238 426 12.90 136
91959 2554 160 0 o 99 4741 e | 1237 | 12% | 23 | &S5 | uw | 135
9318 2675 158 7 6102 | 4597 1827 3228 1250 SN A ] 134
100,723 2798 157 5 6104 1 466 IR11 3219 | 1250 338 | A3 Y | 133
105128 2920 156 3 6107 1319 1796 @ 3211 | 1250 S MEET AN 132
109611 3045 155 | 6109 3215 1780 3203 @ 1250 3% | 2l I On 131
14124 3170 1540 sttt | 4 1766 = 3195 1250 T PP T TR 131
18662 329 153 0 61 13 3005 1754 | 3188 | 1250 Y R TS5 130
121306 3425 1519 6115 | 3897 | 1740 | 3180 | 1250 28 Bd i e 129
127955 3554 1510 s1.17 | I 1729 | 3174 | 1250 3t el e 129
132637 368 150 0 6119 3718 1718 | 3167 @ 1250 238 K. 174 28
137298 3R 14 149 0 61 21 3 62K 17 06 60 1250 238 37 1165 127
141 9RO 19 44 148 | ol 23 3 547 16 96 il S3 2.50 23R 417 1157 127
146749 407 1471 ol 25 3 460 16 84 3147 | 1250 218 116 1149 126
151545 4210 62 6126 3383 | %674 | 3140 | 125 | 238 | a5 | 1l | 123
156.333 4343 14513 6128 37 1664 | 3134 | 125 i 238 | 418 i 1134 | 125
161157 43477 | 1445 61 30 3241 | 155 | 3128 | 129 238 | 414 1128 124
165970 46 10 143 7 61 31 317 1647 | 3123 | % BT R 123
170814 4745 142 9 61 32 SIR 1639 3117 | 1250 58 L ) L e 123
172800 4800 1426 61 33 jees | teds | 123 | B2%0 | 3% | 43 | HNB | N1}
176 400 19 00 1422 61 34 3054 16 31 B ' 12 50 238 T | 1116 122
180 000 S0 00 141 7 61 34 2020 16 26 3109 ! 12 50 2.3 N2 | 11 06 ‘ 122
IRI600 5100 141 3 61 35 7 987 1622 | 3106 | 1250 - Y 122
IXT 200 5200 140 & 61 36 2954 1617 3102 1250 2% | & 1100 121
190 860) 53100 140 4 &l 7 2 92| 16 13 3099 1250 238 : 411 : 1097 121

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS Page 3 of 6



CALCULATION SHEET

CALC #

REV

SHEET 85

M-662

E3

ZZ Boston Edison

DATE 25-NOV-97

OF

103

PREPARED BY:
CHECKED BY: )4%

Por-

Table 21 - Cere S

y Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

F14 5-10] Lookup Lookup | Eq 19 Eg 21 Eq. 22 Eq. 23 Eq 24
P Req'd for
NPSHA of
Time Time Tp Density Pyvp Pe Pgas Kz Hsl NPSHA 29 feet Margin
(SeCs) (hours) {(°F) (Ibm/ft (psia) a) feet feet (feet) (feet) ia) feet:
194 460 54.00 iﬁ» 61 38 2 887 16 08 30 96 12.50 238 411 10 93 121
9K 000  SS00 | 1395 61 3 2856 1604 | 3093 | 1250 | 238 | 410 10 90 s |
201 600 S6 60 139 1 6139 2824 i6 00 30 90 1250 @ 238 410 10 87 120
205 200 57 00 138 7 61 40 2.792 1595 30 87 12.50 238 410 10 84 126
208 800 S8 00 1382 ol 41 2 760 1591 0 84 12.50 238 410 10 R1 120
212 400 S9 00 137 8 6l 41 2.729 iS87 30 81 12.50 238 409 10 78 119
6000 6000 | 1373 6142 2699 | 1583 | 3077 | 1250 @ 238 09 10 75 119
219 600 o1 On 1369 61 43 2 668 1578 3074 12 50 238 409 1072 9
223 200 62 00 136 5 61 44 2638 1574 30 71 12.50 2138 40 R 10 69 11 R
226 800 63 60 1360 61 45 2 607 15.70 30 68 12.50 238 408 10 66 18
230 400 64 00 1358 6 ol 4% 2 578 15 66 30 65 12 50 2138 08 10 64 IR
234 000 5 00 1382 o1 36 2549 15 62 30 62 12 50 23R 07 a6l 17
237 o G600 134.7 6147 2520 15 58 30 39 12 50 2.38 07 10 58 11.7
241200 67 00 1343 61 48 2 491 15 54 30 56 12.50 238 07 10 55 17
244 ROO 68 00 133 8 6148 2 462 15 50 30 53 12 50 238 407 1052 11.7
24R 400 69 00 133 4 61 49 2 434 15 46 30 50 i2 50 23R 406 10 50 16
252 00 70 06 1330 61 50 2 307 1542 30 47 12 50 238 405 1047 e
255 600 7100 1325 61 51 2379 1538 30 44 12.50 238 406 10 44 116
239 200 72 00 1321 ol 51 2 351 15 34 30 41 12.50 238 405 1042 115
262 R0 7300 1319 o1 32 2337 1532 30 39 12 50 238 40 5 10 40 115
266 400 74 00 131.7 6152 2 3124 15 30 30 38 12 50 238 40 5 1¢ 39 115
270 000 7300 131 5 61 53 2 311 1528 30 36 1250 238 405 10 38 115
273 600 T6 00 1312 6133 2 298 15 26 10 35 12 50 218 405 1037 it.s
277 20} 77 00 131 0 61 33 2 285 1525 30 3 12 50 2138 0 1 i0 35 4
2811 Ri) 78 00 130 R 61 54 2272 1523 3 31 12 85 238 104 io 34 4

RHR/CS Calc 25-NOV-97 File = NPSH75 XL S
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CALCULATION SHEET

CALC #

REV

SHEET 86 OF

M-662

E3

PREPARED BY:

PDM

Z- Boston Edison
- CHECKED BY Mw

DATE 25-NOV-97

o .

Table 21 - Core S

y Pump with 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

Time Time Tp Density Pyp P Pgas Hz Hsl NPSHA 29 feet Margin
(sces) (hg_urs) ("F) me'n_‘_p_ (ps1a) 1a) (feet (feet) (feet) (feet) 1a) feet)
R4 60 79 00 130 6 6l 54 2.258 1521 30 30 12 50 238 404 1033 itd
K000 000 1304 61 54 2245 | 1519 | 3028 | 125 | 238 104 My ! 14
291600  R1 00 1302 6l 58 2232 1517 3027 1250 238 404 10 30 114
295200 R2 00 1299 6155 2.219 15 15 30 28 12 50 238 404 1029 114
JUR K00 K300 129 7 61 55 2207 1513 30 23 12 50 238 W04 10.28 14
W2 400 R4 00 1295 6l 56 2194 1511 30.22 12 50 | 238 1403 10 26 i3
0y () 85 00 129 3 o1 56 2 I8! 1509 30 20 12 50 238 403 10 25 I3
09 GO0 86 00 129 1 6157 2 169 1S08 019 12 50 2.38 303 024 113
313200 87 00 1289 61.57 2 156 1506 3017 12 .50 238 403 1022 [ )
U6 800 KRR 00 128 6 61 57 2144 1S04 16 12 50 2138 403 1022 1i3
120 300 89 00 1284 o1 S8 2 131 1502 30 14 12 50 2138 403 10 20 113
124 000 0 00 1282 ! SR 2 1IN 15 00 13 12 50 218 402 1619 i1.2
127 600 91 oo 128 0 61 58 2 106 14 YR 3011 12 50 2.38 402 1018 12
3131200 92 00 1278 61 89 2 094 1497 30 09 12 50 238 402 1017 11.2
1R800 9300 127 ¢ 6159 2 082 14 95 30 08 12 50 238 402 1016 11.2
13K 400 94 00 12713 61 60 2070 14 93 30 .06 12 50 23% 402 1015 112
142 000 93 00 127} 61 61 2 0S8 14 91 30 05 12 50 238 402 1013 112
345 600 9% 00 126 9 61 60 2 046 1489 3003 12.50 23R 402 10 12 11.2
Y200 9700 126 7 6l 6l 2 0% 14 88 30 02 12 50 23 401 1011 11
3IS2RO0 9RO 126 6 ol ol 2027 14 87 3001 12,50 238 40 1 10 10 !
156 400 99 00 126 4 61 61 2017 14 85 30 00 12 50 23 401 10 10 11
NEIRLLE 100 00 126 2 61 61 2 00X 14 84 29 99 12 50 238 401 10 09 I
63600 0] 00 126 0 6162 1 998 14 82 29 9% 12 50 23R 401 10 08 N
6T 200 102 00 1259 61 62 1 989 id i 29 96 12 50 2138 401 1007 1
170 K00 103 00 125 7 61 62 1 9R0) 14 R0 29 95 12 50 238 101 19 06 i

RHR/CS Calc

25-NOV-97 File = NPSH75 XLS

Page 5of 6



CALCULATION SHEET

CALC #

REV

M-662

E3

DATE

ZZ Boston Edison

25-NOV-97

SHEET 87 o o

CHECKED BY:

PREPARED BY: PDi-

2D

Table 21 - Core Spray Pump with 1%/Day Leakage Rate - 75°F Seawater Temperature

F145-10] lLookup | Lookup | £q 19 | Eq 21 Eq 22 Eq 25 Eq 24
P.  Keq'd for
NPSHA of
Time Tume Tp Density Pyvp P, Pgas Hz Hsl NPSHA 29 feet Margin

15CCS) " (bm/ft) St (feet ) a)

174400 104 00 1255 61 63 1971 1478 29 94 12.50 238 40 1 10 05 11
K000 10500 1254 61 63 1 962 1477 2993 12 50 238 400 10.04 110
IGO0 10600  §252 6163 1 953 14 76 29 92 12 50 238 100 1003 1o
RS 200 10700 1250 61 63 1 944 1474 29 91 12 50 238 00 10 02 1o
X8RO0 10K 30 124 9 61064 1 9358 1473 29 90 12 50 23R 400 1002 1o
92400 10900 1247 61 64 1 926 14.72 29 89 12 50 2138 400 1001 110
396000 1106 ‘ 124 5 61 64 1917 1471 29 87 12 50 238 400 10 00 lil 0
o600 11100 1241 ol 64 1 908 1470 29 88 12 50 2138 400 999 1o
W30 11200 1242 61 65 1 99 14.70 29 90 12 50 238 00 9 98 1o
W6R00 11300 1240 61 65 1 890 1470 | 2992 12 50 238 400 997 10
110 300 114 00 1238 61 65 | ®R1 1470 29 94 12 50 238 401 9 96 il
414 000 115 00 123 7 o1 68 | R73 14.70 29 96 12 50 23R 401 9 96 i
417 600 P16 00 123 5 ol 66 1 864 14 70 29 98 12 50 238 d0 i 995 i
421200 117 00 123 3 o1 66 | 855 14 70 30 00 12 50 238 101 994 11.1
124800 11800 123 1 61 66 1 847 14 70 30 02 12.50 238 40§ 993 1ni
28400 11900 1230 61 66 1 838 1470 3004 12.50 238 402 992 112
332000 12000 1228 6l 67 1 830 14 70 30 05 12 50 238 102 99] 112
S18 400 144 00 1202 6t 71 1.702 1470 30 .33 12.50 238 405 979 I15
6O4K00 16800 1182 ol 74 1610 1470 30 53 12 50 238 407 9 70 17
691200 19200 1162 61 77 1522 14 70 30 72 12 50 238 08 962 118
777600 21600 1143 61 R0 1 442 14.70 0 89 12 50 238 10 955 120
R64 000 230 00 ' 1123 61 83 1362 14 70 31 06 12 50 238 412 947 122

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC #

REV

M-662

ZZ Bostonr Edison

E3  DATE 25-NOV.-97

SHEET 88  OF _ |03

PREPARED BY:

CHECKED BY: >~

Phi

Table 22 - RHR Pump with 5% /Day Leakage Rate - 75°F Seawater Temperature

1156
1469
1 7RI
4 093
4 406
4719
S0
5343
S 656

S 909

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS

009
015
016
017
018
027
036
034
0 sS3
06
070
079
) R%
1 96

0Os

14

»y

i

|
122
131
1 40
148
157
1

6Oy

Plotted

on Fig 6

133 7
{39 s
140
141 3
1320
147 8
1s2.1
]85 1
IS8R0
1o
1620
163 7
165 4
166 Y9
168 2
6y 4
170 4

6149
61 3R
6l 36
R
6] 34
6l

Ol

ol ng
(R L
TURA
T M
00 K8
() RS
O K2
Ot RO
o0 7R
LELL )
60 73
o 72
ot 71

o 6Y

P S I S B S
N
rJ
—_

W N H
-
x
1

579
5 749
5912
O 049
6175
6 307
6420
6522

6626

Plotted

on Fig 6

1566
1619
16 29
16 36
16 43
17 04
17 53
1792
IR 26
IR 54
IX R0
1904
19 29
19 51
1971
19 90
20 08
20206
2034
20 48
26 59

20 71

1092
3128
3134
31 39
3143
31.79
3205
32.25
31242
12 85
312 66
32.77
32 87
3297
313058
3312
33 iR
3124
3129
3134
313 3%
3342

12.50
12.50
12 50
12 50
12 50
12.50
12.50
12 50
12 50
12 50
12 50
12 50
12.50
12 50
i2 50
12 50
12.50
12 50
12 50
12 50
12 50
12 50

-l N - s - w wd W ed W T W W

wd ad a d W w w

20
20
20
20
20
20
20
20
20
A
Ml
20
20
20
20
20
20
20
20
20
29
20

402
406
30 6
407
407
411
414
s
417
41K
420
421
422
423
423

R S S -
NN NN NN
> B

Plotted

on Fig 6
o1
10 40
10 48
10.53
10 58
1108
1143
1174
1202
1225
12 46
12 66
1287
1306
1323
1338
1352
1364
1377
1388
13 98
14 09

Fi45-101 Lookup Lookup | Eq 19 | Eq 21 Eq. 22 Eq 23 Eq 24
P Req'd for
NPSHA of
Tume Time Tp Density Pap P Pgas Hz Hsl NPSHA 27 feet Margin
isces) | (hours) (Ibm/ft') feet (feet)

Plotted
on Fig 7
13.2
136
136
137
13.7
141
144
145
147

Page 1 of 6



CALCULATION SHEET

CALC #

REV

E3

& Sostasn Sullsesn
e CHECKEDBY: . )]

__ DATE 25-NOV-97

SHEET 89 oF e

PREPARED BY. _ PDi

Table 22 - RHR Pump with 5%/Day Leakage Rate - 7S°F Seawater Temperature

AR F145-10] lookup | Lookup | Eq 1v | Eq 2] Eq 22 Eq 23 Eq 24
P Regq'd for
NPSHA of

Time Time Tp Density Pyp P Pgas Hz Hsl NPSHA 27 feet Margmn
{seCs) (hours) (“F) (i) {psia) (psia) fteet feet) { feet feet) a feet)
6 281 174 175 0 60 6R 6717 20 82 313 46 1250 | 320 428 1418 IS8
6.594 | 83 175 7 60 66 6823 | 2094 3350 1250 TS LT R
6.906 P92 176 2 60 65 6 901 2102 3353 12 50 320 28 14 36 58
7.157 199 176.7 60 64 6 Y79 21 11 13 56 12 50 120 429 14 43 159
T ISR 2 00 176 8 o 64 6 Y95 2113 33 56 12.50 320 429 144° I5%
9033 251 178 8 O 7318 21 48 3367 i2 50 320 430 14 76 160
12 498 147 IXI O 6Ot 5§ 7 681 21 88 3378 12 50 320 431 1512 16 1
15 848 440 IR2 0 ol S 7 850 22 06 13 80 12 50 320 431 1529 16 1
19.325 S 37 IR2 3 6O 52 7 903 22.10 3378 12 50 320 431 1534 161
2924 637 1822 o0 52 7885 | 2206 | 3374 | 1250 | 320 130 1532 160
26735 743 I8t 7 o 33 T 790 2195 33 66 12 50 320 430 i5.24 16 0
HIF U R 47 IS0 IR T 6X1 21 R 331 58 12 50 120 429 1512 159
i4 2% 9S4 IR0 | o 57 7528 21 6l 13 47 12 50 320 428 1497 IS8
IXTIR 10 3% 179 0 o) 3 7 348 21139 33 36 12 50 320 427 14 80 187
42011 1167 1777 o 62 7137 2113 3324 12 50 320 425 14 59 Is5S
45918 12.75 176 3 60 63 6916 20 86 310 12 50 320 424 1437 154
19869 1385 174 % 60 68 6687 2058 @ 329 1250 320 423 1415 153
SISR1 1497 173 3 6 72 6 463 2630 32 83 1250 | 320 421 1393 151
S7 RR0 16 0% i718 oh 78 6 246 2004 1269 12.50 3.20 420 13.7 150
61998 1722 170 3 60 78 6 035 1977 | 3255 1250 320 48 13 51 148
66 179 iR 38 168 7 o X1 S817 19 50 32 41 12 50 320 417 1329 147
70 369 19 55 1672 6i) XS 561K 1925 3227 12 50 320 116 13 10 146
7459 20 72 165 7 0ol 88 5425 19 01 32 13 12.50 320 414 12 91 144
R B 2192 164 2 o 91l 5237 1877 312 00 12 50 320 413 1272 143
83272 2313 162 X oh 94 5 068 I8 58 3i 87 12 50 320 412 12 56 142

RHR/CS Calc 25-NOV-97 File = NI*SH75 XLS
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CALCULATION SHEET

CALC #

REV

M-662

E3

ZZ Boston Edison

DATE 25-NOV-97

SHEET 90  OF 103

PREPARED BY PDy-

CHECKED BY )@vy

Table 22 - RHR Pump with $%/Day Leakage Rate - 75°F Seawater Temperature

F14 5-101 Lookup Lookup | Eq 19 Eq 21 Eq 22 Eg 23 Eq 24
P Req'd for
NPSHA of

Time Time Tp Densiny Pyvp P Pgas Hz Hsl NPSHA 27 feet Margin
(sCCs) thours) (°F) (/") (psia) sia) feet feet (feet) feet, a) feet)
K7 590 2433 161 4 o v7 4903 IR 4 31.74 12 50 320 4i 0 12 40 140
91959 | 2554 | 1600 o0 99 a7 | 1813 | el | 1250 | 33 | 9 1224 | 139
96 315 26.75 IS8 7 610 4 597 17 94 31 49 12 50 320 08 1210 138
100,723 2798 157 5 6l 04 4 466 1777 31 38 12 50 320 107 197 137
105 128 29 20 156 3 6107 41339 17 60 1126 12 50 £ 20 406 11 84 136
109611 30 45 1551 6l 09 4215 17 43 3115 12.50 " 320 405 11.72 135
114124 31 70 154 0 ol 11 4 103 1728 3108 1250 | 320 4073 11 61 133
118662 12 96 1530 6113 4 005 17 14 30 95 12 50 320 402 11.52 13.2
123306 3425 | 1519 6118 31897 1700 | 3084 @ 1250 320 401 141 134
127 955 15 54 i1s1o ol 17 RI2 16 88 30 75 12 .50 320 101 il 33 $3.8
112637 3684 150 0 61 19 1718 16 74 065 @ 1250 320 00 1124 130
137.298 R4 149 0 6l 21 1608 16 62 30 56 12 50 120 199 115 129
141 980 19 34 148 1 61 23 3 847 {6 S0 30 47 12 50 320 R ito7 I12R
46 749 0 76 147 1 ol 25 3 460 16 38 3 37 12 50 320 3197 10 99 127
151 545 42 10 146 2 6126 3 3R%3 1627 3029 12 50 320 196 1091 126
156 333 4343 14513 6] 2% 307 16 16 30 20 12 .50 120 9SS 10 84 125
61 157 44.77 144 5 Sl 3 241 i6 06 012 1250 320 94 1078 124
165970 16 10 143 7 61.3% 3176 1597 30 04 12 50 320 3913 1071 123
170814 4738 1429 61 32 3112 15 87 29 96 12 .50 320 393 1065 123
172 800 4% 00 142 6 61 33 1 ORY 1584 2993 12 50 320 3192 1063 122
176400 49 00 1422 6l 34 3054 15 78 29 89 1258 320 392 10 59 122
1RO OO0 50 00 1417 61 34 3020 15 73 29 84 12 50 320 39 | 10 56 12.1
183 600 St oo 1413 61 35 2 YR7 15 68 2979 12 50 320 391 1053 12.1
187 200 52 00 140 X 61 W 2 9354 1563 29 75 i2 50 320 96 10 50 120
19 RO 33 00 140 4 63 37 2 921 is SR 29 70 12 50 320 90 10 46 120

RHR/CS Calc

25-NOV-97 File = NPSH75 XLS

Page 3 of 6



CALCULATION SHEET - PREPARED BY: PD#
e CHECKEDBY: LD~

CALC # M-662

REV E3 DATE 25-NOV-97

SHEET _ q| o e

Table 22 - RHR Pump with 5°./Day Leakage Rate - 75S°F Seawater Temperature

F145-10] Lookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P Req'd for
NPSHA of
Time Time Tp Density Pap P Pgas H7 Hsl NPSHA 27 feet Margin
(hours) (bt .
194 400 5400 146 0 61 38 2 K87 1553 29 66 12 50 320 390 10 43 120
198000 5500 1395 618 | 28% | 1548 | 2961 | 1290 | 320 | 389 | 104 | 119
WIL600 5600 139 | 61 19 2834 | 1543 | 957 | 12% | 330 | 3% | w3 | 119
05200 5700 138 7 étow | I e | BH [ Y | 1w I B O eWN | 1R
Q0K 800 S8 00 138 2 61 41 2 760 1533 | 2948 | 125 | 320 | 388 | 1N | 18
2400 5900 137 8 61 41 2729 | 1539 | 2944 | 12950 | 320 | w7 | wow | 17
216000 6000 1373 61 42 2699 | 1524 | 2940 | 1250 | 330 | W7 | 1025 | 7
29600 6100 1369 6143 | 2668 1519 | 2936 | 1250 320 187 S 17
223200 6200 136 5 o133 | 263 | 1515 | 2932 | 125 320 | 386 | 1019 ' 16
26800 63 00 136 0 01 45 2 607 1510 2928 1250 320 | 386 | 06 | 16
230 400 o4 00 135 & G145 2578 15 06 29 24 | 12 50 320 RS 1013 1 B
23000 63 00 1352 ol 36 2 549 1501 2920 12 5% 320 RS 10 10 11s
TG0 6600 133 7 ol 37 2 320 1497 2916 | 123 120 IR 5 10 08 1 s
241200 6700 1343 61 4% 2491 1493 2913 | 1250 320 s | Wes | 14
244800 68 00 133 8 6148 | 2462 1488 2909 1250 320 | 384 | o2 14
248 400 69 00 133 4 61 49 243 1484 | 29 06 1250 20 _ 184 ' 999 ‘ 114
252 600 7000 130 GiSH | 20T 14 R0 { 29 03 | 12 50 320 | IR3 . 997 | 113
1SS 600 7100 132 5 61 51 2379 1476 2899 1250 120 83 | 994 _ 13
259200 7200 1321 61 51 2351 1472 289 | 1250 TEE TN e 13
G2 R00 7300 1319 6152 2337 1470 2895 1250 1% | W2 | 9 90 12
266 400 7400 317 61 52 2 1470 2897 | 1250 TR REE B 13
270 000 75 00 11 s 6 53 2 311 1470 2900 T 1250 320 383 987 113
273 600 76 00 1312 61 N 2298 1470 2903 1250 320 383 9 R6 113
277 200 77 00 131 0 61 53 2 285 14 70 ! 29 05 ] 12 50 320 | 84 9 RS 114
RO ROG TR OO 130 8 o1 54 21272 1470 2908 1250 3120 | 384 984 14

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS Page 4 of 6



CALCULATION SHEET

CALC #

REV

ZZ Roston Edison

E3 DATE 25-NOV-97

SHEET 92 OF 103

PREPARED BY:

CHECKED BY: __of D~

DK

Table 22 - RHR Pump with 5% /Day Leakage Rate - 75°F Seawater Temperature

F14 510 Lookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P.- Req'd for
NPSHA of
fime Time Tp Density Pyp P, Pgas Hz Hsl NPSHA 27 feet Margin
| (secs) | (hours) °F) (Ibavit') (psia) 1a) feet) feet feet feet feet)
24400 7900 1306 6154 258 | MR I Bl I 2N | 38 I WS | W 14
WKO00 KOO0 | 1304 61 54 2245 | 1470 0 2914 | 1250 320 R4 981 14
291 600 K1 00 1302 61 5§ 2.232 14 70 29.17 12.50 320 { i8S 9 80 115
295200 8200 1299 61 55 2219 1470 2920 12 50 3120 | 385 978 115
208%00 8300 1297 61 55 2207 | 1470 | 2923 | 1250 | 320 | 38S 9.77 115
62 400 84 00 1295 61 56 2194 14 70 29 25 12 50 120 | iR6 976 116
W6 00 RS 00 1293 61 56 2 181 14.70 2928 12,50 220 86 975 116
09600 86 00 129 | 61 57 2169 1470 @ 2931 12 50 320 | 386 974 e
31R.200 87 00 1289 61 57 2 156 1470 29 34 12.50 320 86 972 I-Ib
116 800 8K 00 1286 6l 87 2 144 14 70 2937 12 50 320 i iR7 971 117
120 400 R9 00 128 4 6l S8 213 1470 29 19 12.50 320 387 970 117
124 000 90 00 1282 ol S8 2 IR 14 70 2942 12 50 320 iR7 969 117
127 ot 91 00 128 0 Gi SX 2 106 14 70 29 45 12 50 120 I 7 968 117
3131 200 92 00 1278 1 39 2094 i4 70 29 47 12 50 320 I8 9 66 11 8
3134 ROG 93 00 127 6 61 59 2 082 14 70 29 50 12 50 320 I8 8 965 18
138 400 94 00 1273 61 60 2070 14 70 29 53 12 50 320 388 964 118
342 000 9s 00 127.1 6! 60 2 158 1470 29 55 12 50 320 | 389 963 ite
345 600 96 00 126 9 61 6O 2 046 14 70 29 S8 12 50 3 | iR9 962 119
49 200 97 00 126 7 6ol 61 2 036 14.70 29 60 12 50 320 : 89 961 1o
IS2R00 9R00 1266 616 2027 | 1470 | 2962 | 1250 | 320 389 9 60 19
156,400 99 00 126 4 61 61 2017 1470 29 64 12 50 320 89 959 1y
60 000 100 00 1262 61 6! 2 08 14 70 29 66 12 50 320 90 9 58 120
G600 101 00 126 1 61 62 1 998 14 70 29 68 12.50 320 90 957 120
6T200 10200 1259 61 62 ] 989 1470 29 70 12 50 320 390 9 56 120
0800 10300 1257 61 62 | 980 1470 2972 12 50 3120 390 9 55 120

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC #

REV

M-662

DATE 25-NOV-97

SHEET 93 OF _ 103

- PREPARED BY-
Zz Boston Edison
CHECKED BY: q@/t

Poi

Table 22 - RHR Pump with 5% /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

Time Time Tp Density Piyp P, Pgas Hz Hsl NPSHA 27 feet Margin
{seCs) thours) (°F) (ibm/ft") (psta) s1a) (feet feet) (feet feet) 13 feet)
3174400 104 00 1255 6l 63 1971 1470 2974 12 50 320 90 955§ 120
I7R000 10500 1254 61 63 i 962 14 70 29 76 12 50 3.20 191 954 121
WL600 10600 1252 61 63 1 953 1470 29 78 12 50 320 39 | 953 12.1
RS 200 10700 1250 61 63 1 944 14 70 29 80 12 50 320 39 1 952 121
IRRRO0  TORO0 1249 61 64 1 9135 1470 2982 12.50 320 319 1 951 121
W00 10900 1247 61 64 1 926 14 70 29 84 12 50 320 39 | 9 50 121
06000 11000 1245 61 64 1917 1470 2986 12 50 320 192 949 22
399600 11100 1243 61 64 1 908 14 70 29 88 12 .50 320 392 9 48 122
3013 200 112 00 1242 61 68 1 899 ‘$70 29 90 12.50 320 392 9 4R 122
400 800 113 00 124 0 61 65 1 890 1470 2992 12.50 320 392 947 122
310 300 114 00 123 R 61 65 | 881 14 70 29 94 12 50 320 392 946 2.2
414 006 1S o0 1237 61 6S 1 K73 14 70 29 96 12 50 320 3193 945 123
17600 11600 123 5 61 66 §ond 14 70 29 98 12 50 320 193 944 123
221200 11700 1233 61 66 1 855 1470 30 00 1250 320 39 3 9 43 123
424800 11800 123 | 61 66 1 847 14 70 3002 12.50 320 193 943 123
428 400 119 00 123 0 61 66 | B3R 14 70 3004 12.50 320 93 942 123
432 000 120 00 1228 6167 1 830 1470 3005 12.50 320 94 941} 124
SIR400 14400 1202 61 71 1702 1470 30 33 1250 320 396 929 126
6041 800 16R 00 1182 61.74 1610 1470 30 53 12.50 320 98 920 128
691 260 192 00 1162 6177 1 522 14 70 30.72 12 50 3.20 400 911 130
777600 21600 1143 o1 80 1 442 1470 30 89 1250 320 402 904 132
K64 000 240 00 1123 6l X3 1 362 1470 3106 12.50 320 104 8 96 134

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATICN SHEET - PREPARED BY: _ PDM
=z Boston Edison ,-
- CHECKEDBY 52D

CALC # M-662

REV E3 DATE 25-NOV-37

SHEET 94 OF 103

Table 23 - Core Spray Pump with S%/Day Leakage Rate - 75°F Seawater Temperature

F145-10] tookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P Req'd for
NPSHA of
Time Time Tp Dicrisity Pyp P- Pgas Hz Hsl NPSHA 29 feet Margin
(sees) {hours) h—-ﬁ ) 1ltnn.u‘)4i_(ﬂm_ (psia) feet) (feet) (feet (feet) M
Plotted Plotted Plotted Plotted
on Fig 6 on Fig 6 | on Fig 6 on Fig 7
2 009 | 1337 éidv | 2453 | 185es | WR | 13 | 2@ | 4ie 10 51 120
557 015 | 1395 61 3% 7 853 1619 | 3128 | 1250 | 238 | 414 10 90 24
SXR 016 1406 61 3% 2935 29 | 31 | 129 | 2:® | S 10 98 125
619 017 | 1413 6135 | 2988 1636 | 3139 | 1250 | 238 45 1o 125
656 018 | 1420 6134 | 3041 | 1643 | 3143 | 1290 | 238 | 418 1108 126
969 027 | 1478 23 ] I8 TN I B I R | 28 -0 1155 129
I 2K} 036 | 1521 611 | 3916 1753 | 3205 | 1250 338 | &2 193 132
1 594 Sal 1 %83 atow | 418 I 119 | 3% | 1% 238 124 12.24 134
1 906 033 158 0 o] 04 1320 18 26 | 3242 i 12 50 2 3R 425 12.52 135
2219 062 160 | 6t 99 47513 TR 3255 | 1250 2138 $37 12 75 137
2 53 070 1620 ol 95 1972 1% 80 1266 @ 1250 238 128 12 96 138
2 844 079 | 1637 oh 92 5176 1904 | 3277 | 1250 | 238 429 i3 16 136
3156 0 88 165 4 o) 88 s387 | 1929 | 3287 | 12% | 238 30 13.37 140
3 469 09 1669 o0 &S 5579 | 1951 | 3297 | 1250 | 238 | 431 13 56 14
2 7R1 105 | 1682 61 82 5749 1991 | 3305 | 125 | 238 | 432 1372 142
1094 1 169 4 60 R0 5912 1990 | 3312 | 125 | 238 | 432 13 8% 142
1 406 122 1704 T8 | 6049 | 2005 | 3318 | 125 | 238 433 1402 143
1719 13 171 3 o 76 6175 | 2020 | 3324 | 12% | 238 | 434 1414 144
501 1 | 1M o0 74 6 303 2033 | 3329 | 125 | 238 | 434 1427 144
5 144 | 48 173 0 ot 72 6 420 2048 | 3334 | 125 | 238 | 435 1438 145
5 656 187 | M 6 71 6522 2059 | 3338 | 125 | 238 435 1448 i45
5 969 1 66 174 4 60 69 6626 071 | 3342 | 12% | 238 | 435 14 58 145

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET

CALC . #

REV

M-662

E3

PREPARED BY:

ZZ Boston Edison

DATE 25-NOV-97

SHEET _ 9% .

CHECKED BY.

PDi-

PR b )

Table 23 - Core Spray Pump with 5%/Day Leakage Rate - 75°F Seawater Temperature

FI45-101 lLookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P.- Req'd for
NPSHA of

Time Time Tp Density Pyp Pc Pgas Hz Hsl NPSHA 29 feet Margmn
{secs) (hours) (°F) (bt (psia) (psia) (feet) feet) (feet) feet) 1a) (feet)
6 281 174 1750 606X 6717 20 82 33 46 12.56 238 436 1467 146
6,594 | B3 175.7 61 66 68213 2094 33 5() 12 50 238 436 14 78 46
6906 192 176 2 ol 65 6901 2102 3353 12 50 238 436 14 8§ 46
7.157 199 176 7 60 64 6979 2111 33 56 12.50 238 437 14 93 147
7.188 2 00 176 8§ 60 64 6 995 2113 33 56 12 50 238 437 14 95 147
9033 2.51 178 8 60 60 7 31§ 2148 31367 12 .50 238 438 1526 48
12.498 337 IR1 O 60 55 7 681 21 88 3378 12.50 238 439 1562 149
15 848 440 182 0 60 33 7 850 2206 33 80 12 50 238 439 1579 i49
19325 537 182 3 60 52 7 903 22.10 33.78 12 50 238 439 1584 149
22924 637 182.2 60 52 7 885 22 06 3374 12 50 238 439 1582 149
26.735 743 181 7 o0 53 7 799 2195 1366 12 50 238 438 1574 148
30 495 R47 FTIRL G 83 7 681 21 RO 33 S8 12 50 23R 437 1562 147
34 328 v 54 1RO | o 87 7 52R 21 61 33 47 12 50 238 430 1547 i46
R 1IR 10 39 179 0 61 39 7 348 2139 33 36 12 50 238 435 15.29 145
42011 1167 1777 o0 62 7137 21 13 3324 12 50 238 434 1508 144
45918 1275 176 3 Ot 65 6916 20 86 3310 12.50 238 432 14 87 142
19 R6Y 13 85 174 8 60 68 6 687 20 58 32 96 12 .50 238 43.1 14 64 141
S1 881 1497 1732 60 72 6 463 20 30 32 83 12 50 238 429 14 42 39
37880 16 U8 171 8 60 75 6 246 20 04 3269 12 50 238 428 14 21 138
61 998 17.22 1703 60 78 6 035 1977 32.55 12 50 23R8 427 14 00 137
66 179 IR 3R 168 7 60 R SR17 19 50 3241 12 56 238 425 13.79 135
70 36Y 19 35 1672 6 83 5618 19.25 32.27 12 50 238 424 13 60 134
74 594 20 72 165 7 60 X8 5425 19 0} 32 13 12.50 23 423 13 41 133
7% 915 2192 164 2 o) 9] $ 2317 18.77 32 .00 12 50 238 421 13.22 131
83772 23 13 62 8 o 94 3 06X IR 55 31 87 12 50 238 420 13 06 130

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS
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CALCULATION SHEET - PREPARED BY: PDH-
ZZ Boston Edison
- CHECKEDBY: I~

CALC # M-662

REV _E3  DATE 25-NOV-97

SHEET 96 OF {03

Table 23 - Core Spray Pump with 5%/Day Leakage Rate - 75°F Seawater Temperature

Fid 5-101 Lookup Lookup | Eq 19 Eq 21 Eq. 22 Eq 23 Eq 2
P- Req'd for
NPSHA of

Time Time Tp Density Pvp P Pgas H> Hsi NPSHA 29 feet Margin
(sces) | (hours) (°F) b/t ') (psia) (psia) (feet) ifeet) (feet) (feet) 13) (feet)
87 590 24 33 161 4 6h 97 4 903 IR 34 3174 12.50 ! 238 | 419 | 1290 129
91959 2554 | 1600 6099 374 1813 | 3161 | 1250 238 47 1278 | 127
9315 | 2675 | 1587 6102 3597 1794 | 3149 | 129 | 238 | 416 | 1260 | 126
00723 2798 . 1575 61 04 3 466 1777 | 3138 | 1250 | 238 | 415 T Zi 125
105128 2920 | 1563 6107 1339 1700 | 3126 | 1250 ¥ RSN Y e N 124
961t 3045 155 1 6109 1215 1743 | 3115 | 1250 5T N1 T e 123
14124 3170 | 1540 | 611 TOEND BETRE LB BN TENE e
118662 329 153 0 61 13 1005 1714 | 3095 | 1250 238 41 1202 | 12 1
123 306 1425 | 1519 6115 3897 1700 3084 1250 ATIREE TN 1191 | 120
127955 3554 | 1510 6117 3812 1688 3075 1250 238 409 1183 | 119
132637 . 36 84 150 0 61 19 3718 1674 | 3065 | 125 3% | W8 | 1w | e
137298 R 14 i49 0 ol 21 1628 1662 3056 | 1250 23R 407 1165 117
141 980 9 44 148 | 6l 23 47 16 50 30 47 12 50 23R 4006 11.57 116
146 749 76 147 1 6l 28 R TRY 16 38 30 37 12 50 238 40 5 1149 i1 5
IS1545 4210 1462 6126 1383 | 1627 | 3029 | 1250 | 238 CTEREE T M T
156333 4343 145 3 61 28 3307 1616 = 3020 1250 238 | @3 1134 113
1157 477 144 5 61 30 3241 1606 @ 3012 1250 38 8 T nm 12
165970 0 3610 @ 1437 61 31 3176 1597 3004 1250 MR TR T e 2
170814 4745 142 9 61 32 3112 1587 2996 1250 238 | .1 ny | 11
172800 4800 142 6 6133 3 089 1584 2993 1250 238 | @1 | Ny 1
176,400 4900 1422 61 34 3054 1578 2989 1250 238 00 1110 1o
IRO000 50 00 1417 61 34 3020 IS73 2984 1250 238 00 T 10
IX36O6 5] 00 141 3 61 35 2987 1568 2979 | 125¢ 2.3% ¥y | e | 10.9
187200 32 00 140 X 61 36 2 933 1563 2975 1250 238 3199 oo 109
190 R00 3300 140 4 6137 2 921 1558 2970 1250 238 39 R 1097 108

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS Page 3 of 6
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Table 23 - Core Spray Pump with 5%/Day Leakage Rate - 75°F Seawater Temperature

374 400
17R 000
iK1 600
IRS 200

IRK R

3192 400
106G 000
199 600
4013 200
400, KON
310 300
411 000
417 o
421 200
424 800
42K 300
432 non
S8 300
604 ROO
691 20
777 600
Kird tems

RHR/CS Calc 25-NOV-97 File = NPSH75 XLS

104 00

105 00
106 00

107 06
108 00
109 00

1ooo

11100

1200

11300
1i4 6o
115 00
116 00
117 00
1IR 00
119 00
120 GO
144 00
168 00
192 60
216 00
240 00

1255
1253
1252
1250
1249
1247
124
1243
124.2
124 0
1238
123
1235
123
123 1
1230
122 %
120
IR
16
1143
1123

M

J

-

td Fo Mo

6l 63
61 63
61 63
Gl 63
6164
ol 64
61 64
61 64
61 638
61 65
Gl 68
6l 68
ir] 66O
61 66
6] 66
61 66
6l 6
6171
61 74

Ol

1 908
i 899
| 890
I 881
1 873
I Xl
| 855
1 847
1 838
| 830
1702
| 610
1522
1 442

i 362

14 70
14 70
14 70
14 70
1470
14 70
14 70
14 70
14 70
14 70
1470
1470
14 70
1470
1470
1470
14 70
14 70
14 70
14 70
1470
14 70

29 74
29 76
2978
29 8G
2¢ 82
2984
29 86
29 8%
29 90
2992
29 94
29 96
29 98
30 00
3002
004
30 08
0 33
30 53
30 72
30 89
31 06

12 50
12 50
12 .50
12 50
12 50
12 50
12,50
12.50
12 .50
12 .50
12 50
12 50
12 50
12 50
1250
12 50
12 50
12 56
12 50
12 50
12 50
12 50

NN NN NN

N NN NN NN N NN

ro

399
399
399
399
199
00
400
60
400
400
40 1
40 1
401
401
40 1
402
402
0s
307
408
410
412

10 05
1004
1003
10 02
002
1061
10 00
9 99
9 98
997
9 9
9 96
995
993
993
992
991
979
970
962
955
947

F145-10 lookup | Lookup | Eq 19 | Eq 21 Eq 22 Eq 23 Eq 24
P Req'd for
£ " NPSHA of
me me Tp Density Pyvp P Pgas Hz Hsl NPSHA 29 feet Margin
thours) (bm/ft ' (feet (feet) (feet)

109
109
109
109
109
R RE
1o
ito
110
110
1
1
il
il
il
1
1t
I
il
IR
120
122

R O I

Page 6 of 6
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This table contains calculated values of NPSHA and NPSHR for RHR and CS pumps as

presented on FSAR Figure 14 5-9  Containment leakage is assumed equal to zero in this
calculation

Table 24 - ECCS Pump NPSHA Over a Range of Pool Temperatures
and Zero Containment Leakage

Core Spray Pump Pc Based on Nitrogen Masss 16,315 lbm
Eq 27| Lookup | Eq 19 | Eq 21 | Eq 22
0% |
Suppression Pool Leakage ' CS
Temperature Tp Pvp Pc Pgas H2 ' Hsl | NPSHA | NPSHR
(“F) (°R) (psia) (psia) (feet) {feet) | (feet) | (feet) (feet)
Values
plotted
: . D ihasd Fig
130 15900 0 22230 15346 30702 125 238 4082 | »
. .. i 600 0 i 28892 : 16 235 ‘ 31.311 129 1 33 i 4] 43 j 29
et L E100 1 37184 | 17206 i 31931 | 125 : 238 | 4205 ; 29
L0, 16200 47414 ; 18532 | 32887 | 128 238 . 4268 : 29
166 6260 SA62) 19386 i 32938 | 125 | 23 4306 | B
170 16300 59926 | 20005 33195 125 238 | 4332 29
180 6400 75110 21746 33843 125 238 | 4396 29
185 6450 . B38SS | 22732 34171 @ 125 238 4429 20
RHR Pump Pc Based on Nitrogen Mass 6315 lbm
Eq. 27 Lookup Eq 19 Eq. 21 Eq 22 7, |
0% | 1 ‘l
Suppression Pool Leakage ‘ I RHR |
Temperature v Pyp Pe Pgas H, | Hsl NPSHA | NPSHR |
(°F) ("R) (psia) (psia) (feet) | d(feen) (feet) (feet) | (feet) |
| alues e alues
['/u{I o ,’w:/lul
Fig N Fig N
130 590 0 22230 15346 30702 125 320 40 00 27
140 6000 28892 16235 31311 125 320 406l 27
150 6100 37184 17286 31931 125 320 | 4123 | 27
160 6200 47414 18532 32557 125 320 | 4186 | 27
166 6260 54623 19386 32038 |25 320 42 24 27
170 6300 50026 20 005 23 1958 12§ 320 42 50 27
180 6400 | 75110 21746 33843 . 125 320 43 14 27
185 6450  R388S 22732 34471 124 320 43 47
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Section 5.0  References
1. FSAR Section 4 8, Residual Heat Removal System

FSAR Section 6 4, Core Spray S, stem

A Regulatory Guide 1.82 Rev. 1, “Water Sources for Long-Term Recirculation Cooling
Following a Loss-of-Coolant Accident”, U.S. Nuclear Regulatory Commission,
November, 1985

GE Report GE-NE-523-A044-0595

Bingham Pump Curve No. 27956 and 27763 (Core Spray Pumps)
Bingham Pump Curve No. 28457, 28167, 28168, and 28169 (RHR Pumps)
Crane Technical Paper No. 410, Crane Co., New York, N.Y ., 1981

Brater & King, Handbook of Hydraulics, Sixth Edition, McGraw-Hill, New York,
NY, 1976

9 General Electric Report GE-NE-523-A044-0595, “PNPS Decay Heat Removal
Capability”, May 1995 (SUDDS/RF #95-127 Rev. 1)

10 FSAR Section 14 5, Postulated Design Basis Accidents

i B o

11.  General Electric Report NEDC-31852P Rev. 1, “PNPS SAFER/GESTR-LOCA Loss-of-

Coolant Accident Analysis”, 1992

12. BECo Calculation N110, Rev. 0, “OPL-4 (ECCS Parameters) for SAFER/GESTR-LOCA

Analysis for PNPS”
13, Pilgnm ECCS Suction Strainer Data Sheet per Specification M-618
14, C1A363, Rev. E0 “ECCS Suction Strainer Installation Branch Pipes #1 & #2”
15.  Cl1A365, Rev. EO “ECCS Suction Strainer Installation Branch Pipe #3”
16.  MI100-51-7, “Core Spray System Suction Piping to Core Spray Pump P-215A”
17 MI100-54, Rev. E2, “Core Spray System Core Spray Line Rerouting Assembly”
18.  MI100-256-4, Rev. E2, “Core Spray Critical Piping, S E. Quadrant Below Elev. 23°-0"

19. MI100-52-6, Rev. E2, “Core Spray System Suction Piping to Core Spray Pump P-215B”

20 M100-265-4, Rev. E2, “Core Spray Critical Piping, N W Quadrant Below Elev 23'-0"
21.  MI100-251-4, Rev. E1, “RHR Nuclear Piping S E. Quadrant Below Elev. 23°-0"
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22.
23.
24
25.
26.
27.
28
29.
30.
3L

32
33

34

M100-43-7, Rev. E1, “RHR Nuclear Piping, S E. Quadrant Below Elev. 23°-0”
M100-47-8, Rev. E1, “RHR Nuclear Piping, NW Quadrant Below Elev. 23°-0”
M100-266-3, “RHR Nuclear Piping, N W. Quadrant Below Elev. 23°-0”
M100-262-4, Rev. E1, “RHR Nuclear Piping, N W.Quadrant Below Elev. 23°-0"
M100-42-9, Rev E1, “RHR Nuclear Piping S E Quadrant Below Elev. 23°-0”
M100-252-4, Rev. E1, “RHR Nuclear Piping, S E. Quadrant Below Elev. 23°-0”
M100-47-6, Rev. E1, “RHR Nuclear Piping, N W_Quadrant Below Elev. 23°-0”
M100-263-3, Rev. E1, “RHR Nuclear Piping, N W_Quadrant Below Elev. 23°-0"
M100-264-6, Rev. E1, “RHR Nuclear Piping, N W. Quadrant Below Elev 23°-0"

Amendment 9 to License Application Filed June 30, 1967 (Docket No. 50-293), 03/11/68
Amendment 24 to License Application (Docket No. 50-293)

FSAR

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

b) Section 14 53.1.2 Containment Response

¢) 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

e) FSAR Table 14.5-1 Loss of Coolant Accident Primary Containment Response
Summary

Technical Specifications for Pilgrim Nuclear Power Station

a) Minimum water volume per LCO3 7. A 1a

b) Maximum water volume per LCO3.7A.1b.

¢) Maximum suppression pool temperature during normal continuous power operation
per LCO37Alc

d) Minimum differential pressure between drywell and suppression chamber per
LCO37A1li

e) Allowable suppression chamber water level range per LCO 3.7. A 1.m

f) Maximum containment leakage rate per surveillance requirement 4 7 A 2 a
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35.  BECo Calculation S&SA-91 Rev. E1, “Containment and Decay Heat Removal
Analysis Inputs”

36.  GE Specification, 22A5756, Containment Data, Rev. 3, February 1982

37 GE Report GE-NE-T23-00749-01 “Containment Heatup Analysis with ANS 5 |
Plus 2 Sigma Decay Heat” December 1997 with Transmittal of Data Tables as
Attachment, SUDDS/RF # 97-96

38.  BECo Calculation M-667 Rev. 1 “RHR System Hydraulic Analysis”

39 BECo Calculation M-734 Rev. 1 “RHR and Core Spray Pump Suction Strainer Debris
Head Loss NPSH Evaluation”

40.  BECo Caiculation M-748 Rev. 0 “Containment Temperature & Humidity Conditions
and Nitrogen Mass”

41.  PCI Report PCI-NP-PNS-01 Rev. 0 “Suction Strainer Head Loss Analysis”
February 1997, SUDDS/RF # 97-48

42,  BECo Dwg C1A300 Rev. EO “RHR/CS Strainer Assembly Drawing”
43, BECoDwg C1A363 Rev. EC “RHR/CS Strainer Branch Pipe Design”
44,  BECo Dwg C1A365 Rev. EO “RHR/CS Strainer Branch Pipe Design”

Section 6.0  Attachments

Attachment |1 = Independent Verification Statement Record
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Page 1 0of §
Calculation - Independent Verification Statement Record

Calculation # M-662 , Revision# E3 has been indeperidently 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 Eﬁnduding verification that

Design inputs were comectly selected and included in the calculation.

Assumptions are adequately described and are reasonable.

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

Applicable construction and operating experience was considered in the design

The calculation number has been properly obtained and entered.

An appropriate design method or computer code was used.

A mathematical check has been performed.

The output is reasonable compared to the input.

Alternate Calculation [ ¥ including verification of asterisked items noted above.
The alternate calculation ( 2 pages) is attached.

Qualification Testing [_] for design feature including verificatior. of asterisked items
noted above and the following:

The test was performed in accordance 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
anplicable.

Test acceptance criteria were clearly related to the design calculation.

Test results (documented in ) were reviewed by the caiculation Preparer or other
cognizant engineer.

Independent Reviewer Comments: . Jt4— & ’ ot <l j : S =D
Ctvmmmanto

m i
/ » B /S >
Independent Reviewer /Date

Preparer concurrence with @_ﬁ*&&r’ /2-/€-97
findings and comment resolution Preparér or Other CBgnizant Engineer

NESD 3.06 Rev 7
Exhibit 3.06-C
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Attachment 4
Calc M662 Rev 3 Check Page_2_of 9
Review of Calc M-662 Rev 3 |
| I
WATER PROPERTIES-Cameron Hydraulic Data
Veo-ft'/ibm |p - IbmM’ lgm/iom®  Joantistokes contipoises |utbi-sech |v—ft/soc Pw-psia ' TempF |
6237 0.9991 1.12 1118082 2 34E-05 1.21E-05 60 |
62.27 09074 09 080766 187E-05 ©69E-06 ™ | e
62.22 [
62 0.8831 069 0685230 143E-05 7.43E-06 100 | ik
0.016247| 61.56 0 986 051 050286 1.05E-05/ 549E-06 2223 130 )|
60.79 0.9737 0.38 0.370006 7.73E-06 4.09E-06 170 |
60.61 0.871 0.364 0353444 7.38E-06 3.92E-06 178
60.57 08703 0.36] 0.349308 7 3E-06 3 BBE-06 180 |
60.87 0.382 4.22E-06 166 |
60 455 0.345 3.71E-06 185 |
I
Mo= | 7612601 OK [ 3
My = | 8702102 OK | [
Mior= | 163147 OK | | 1 |
| 1 E i | 1
| ' e
Sirainer Suction Loss @ 5600 gpm = 046818 psi OK 1 1 o
Shouiid aiso ref Dwgs C1A300, C1A350, C1A360 ali Rev. E0 and SUDL 'RF §7-048
[ wmuwﬁm nmmtmfnmmmm
Tables 182 | | - Nk
mmuu’mamu’umauumn«um' WA
‘ammmmnwmxunauu : -.
J 1
Table 3 | 1 ]
Velocity = | 7.687768 fusec for 17.25 pipe id and 5600 gpm fiow |OK 1 |
| I i | I
Re= | 2013698 for 130F and 5600 gpm 18" line |OK close {0 caic vaiue 1
Re= | 2619862 for 166F and 5600 gpm 18" line |OK close to caic value [
| Res= 2976771 for 185F and 5600 gpm 18" line |OK close to caic value !
I | | L | 3
HL v&f =  1.808977 Eqa 4 for RHR D @ 130F 0K [ ‘ { ol
HL line = ' 0.948403 Eqa 5 for RHR D @ 130F OK | | 4
Tebie 4 i 0 pe
HLvel= | 0.918262 Eqa 2 for RHR D @ 130F OK close to caic value 3
HL suct = | 3.16 Eqa 6 for RHR D @ 130F OK close to calc value [
dp = | 1.739925 Eqa 7 for RHR D @ 130F OK close to calc value 1
| | 1 T | T
<4 .L ] 4 e
Table § 'NPSH,= | 38.48143 Eqa & for RMHR D @ 130F and Pc= 0 OK |
NPSHy = 11.48 Eqa 9 for RHR D @ 130F and Pc = 0 |OK | 1
DP IST = 1.91845 Eqa 10 for RHR D @ 130F and Pc = 0 0K B
Note: Table 4 values for suction loss were rounded up slightly (increased) for | |
input into Table 5 fur conservatism. i | "
| ] "
Table 6/7 /Same as Table § but at 166 and 185F and rc* receicuizied_ il is noted that the max | |
IST DP for the B & C RHR lines could be increased to 1 92 psi and mll prowde more
total margin than the A & D RHR lines. | |

Page

1
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Attachment 1
Calc MEB62 Rev 3 Check Page_3 of 9

Review of Calc M-662 Rev 3 I [
Table 8 |NPSH,= | 39.03318 Eqa 6 for CS @ 132F OK

NPSH,, = 10.03 Eqa 6 for CS @ 132F OK |

DPIST= | 1.818084Eqe 10 for CS @ 132F OK 5

Checked point of minimum margin.

| I |

Table 9 Same as Rev 2 Table 8 with minor changes except that suction head loss values

have been revised for CS and RHR as recalculated in previous sections. |

l

| l |

[

Section 4.C.1 m*mnm:mum ~typo.
Define ref Fr -«m*u.mam
h i | T e
Tabies 10 !
& 1

|

Benchmark same as previous calc rev except tables were numbered 9 & 10
ol

| I I

Table 12 meuc= | 0.000767 Eqa 15 - 120000 sec and 1% leakage 85F |OK | a3
¢= 0.120438 Eqa16 " OK |
Moas = | 0.000679 Eqa 17 " OK | 1 |
Mt* = 16208.43 Eqa 18 " OK | |
Pc = | 15.44859 Eqa 19 " 1 - |OK ) e
Notes. [for eqa 15 & 16 use P and P, from previous step. | ?
Tfor eqa 18 used M* from previous step for Mi - 1 T S
Tfor eqa 19 used 147000 for drywell volume for conservatism. ; Tm"—“——
The symu? for time lr% eqa 18 should be t mlfud of T u?mch is used olsowhoro for temponture
. | i
Tabie 13 ' Similar to Tabie 12 except lelngg rate highter and Pc %ame time as Table 12 is less. |
Table 14 = | 30.10803 Eqa 21 for 1eoooo seconds and 1% leakage RHR O e
NPSHA = 394Eqa22 | ok |
Pcreq = 9457813 Eqa23 * _ous
NPSHm = 124 Eqa 24 [ | 1 S RS
NPSHmM = 12.40292 Eqa 24 ln 4 T[ | T . OK 1 |
Table 16 NPSHA=  40.22 Eqa 22 at 160000 sec 1% ieak CS { | oK 1
Pc req. = $.962 Eqa 23 at 160000 sec 1% leak CS 1 8K i
NPSHm = 11.2 Eqa 24 at 160000»%1% leak CTS I II OK 1
Table 16 _|Similar to Table 14 bu]t highter leakggg and NPSH Mn less at 100000 sec. | ] e
Table 17 Similar to Table 15 buf highter iealkaLand NPSH maru\ less at 1?0000 sec. | 1
] 1 B o i
Table 18 meac = | 0.000844 Eqa 15 - 180000 sec and 1% leskage 75F | 10K | i
9= 0.14307 Eqa 16 | | ] Y
Moas = | 0.000738 Eqa 17 | | | ~ |OK
Mt = 16143.34 Eqa 18 " HCE T R S
Pc = - 16.26299 Eqa 18 " | | {OK
1 1 T |
Table 19

| ] ]

Similar to Taole 18 except 5% leak rate and for same time Mt* and Pc are lower
] T I

Page 2
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Calc MBBZ Rev 3 Check e ey B

Review of Calc M-662 Rev 3 1
|
Table 20 Similar to Table 14 but 75F water temperature vs 65F
Pgas = 31.08184 Eqa 21 for 180000 seconds and 1% leakage RHR
NPSHA = 40.39 Eqa22 " 1
Pcreq.= 1056971 Eqa23 "
NPSHm = 134 Eqa24 "
NPSHmM = ' 13.38115 Eqa 24 alt "

<+ 4 —

—

RRRIRR

Table 21 Similar to Table 20 except for CS

NPSHA = 41.21 Eqa 22 at 180000 sec 1% leak CS OK

Pcreg = | 11.06236 Eqa 23 at 180000 sec 1% leak CS OK

NPSHmM = 12.2 Eqa 24 at 180000 sec 1% leak CS OK

| |

Table 22 Similar to Table 20 but highter leakage and NPSH mavglin less at 180000 sec.
I T

| 1 ] | I
Table 23 Similar to Table 21 but highter leakage and NPSH margin less at 180000 sec.
|

¥ VS S .

Table 24 Pc= 16.34603 Eqa 10 for 130F OK
Pgas = 30.69714 OK
NPSHA= 40.82 OK

oY $7 N

—

Page 3



Calc M662 Rev 3 Check Equations

12/16/97

Review of Calc M-662 Rev 2

SUS——

Vb

112

0.9974

R AR . R
SEEARSRIEA T T TSR L e 069
|0.016247 6156 0.986 0.51
Sl T G, e 08737 0.38
6061 0.871 0.384
60.57 0.9703 0.36
6087 0.382
S 60.455 0.345
M. = =({1.3414.696)-(0.8"3.7184))"132000" 144/53.3/(460+150)
k= My = =({14.696)(1"0.5961))" 124500 144/53.3/(460+85)
M= =SUM(C16:C17)
A i ~ |strainer Suction Loss @ 5600 gpm = =(5600/5100)*2°0.137

Tables 182 o s

R it

~ Shouid also ref Dwgs C1A300, C1A350, C1A360 all Rev. €
References should be changed to Rev. EO for Dwgs C1A38 l,;,

~ Raplace wording of 45° LR EL with 45" EL since a! least one
on each strainer fine and the L/D and K used is for SR45

| =5000/7.4505/801117.26"2°0.7864)" 144

|
|
e
|
| Juswyoeyy
£3 A8y Z99-N OVD

sl = Re=  |=17.2812°7.69/GS%
PSR SHIRNONY (ESE. _[=17.25112°7 69/G13
. s R j-n.zsnn.cqpuii

(=1.97(7.69)" 2/64.4

5 1-w 0158°94/1.438)"(7.65)"2/64.4

Page 1



Caic M662 Rev 3 Check Equations

Review of Caic M-662 Rev 3
Table 4

HL vel = |=(7.69)2/84.4
'HL suct = =1.8140.95+0.39
ldp = 7{0.92+3.15)°61.56/144

thSHa = ?*1 2.5-3.24((14.696-2.223)"144°0.016247)

INPSH,, = =38.48.27 |

|OP IST = ={((3.2+2)°(2.32/3.2))+0.67)(62.22/144) f

| [Note Table 4 values for suction loss were rounded up 'slighﬂT
I'mput into Table 5 for conservatism I

Table 6/7 :Same as Tabie 5 but , I

iISTDPforthe B& C

[total margin than the :

‘NPSH, = ?=12.5-2.384((14.596-2.3“5)‘1“'0.018255)
INPSH, = |=29.03-29

{DPI1ST = fsmz.suzru.33/2.33))01.nr(ez.zznu)
fChecked point of mim:
‘Same as Rev 2 Tablpf
:have been revised an:

Section 4.C.1 Mhuas UrHts Should be labeled as tbm/sec not Ibm - typo.,
Define ref pressure Py = (45psig + 14.7) = 50 7psia

4

Tables 10 & 11 |Benchmark same as
Table 12 [ Myeax = '=0.001888°((1{14.7/15.99)* 2)/(1414.7/59.7)*2))*0.5
lp = |=0.621°(2.758/(15.99-2.758))
[Meas = '=C85/(C66+1)
IM* = |=162224(C65/{C66+1))*(120000-100000))
[Pc = '=((16209°53.3°592.3/(147000+124500))/144)+ 2 36
' for eqa 15 & 16 use P and P, from previous step

€3 A8y Z99-W 2TVD

b 10 9 abey
b Weawyoeyny

Page 2




Review of Caic M-662 Rev 3
for eqa 18 used M* from previous step for Mt
for eqa 19 used 147000 for drywel! volume for conservaiism
Tha symbol for time i
Table 13 Similar to Table 12 ex
Tabie 14 Pgas = ={14.77-1.88)"144/61.65
NPSHA = =30.1412.5-3.2
Pcreq. =  [=1.88+{(27-12.5+1.2)°61.65/144)
NPSHm = =39.4-27 £
NPSHm = ={14.77-9.46)*144/61 .65
Table 15 NPSHA = =30.1+412.5-2.38
Pcreq = =1.88+{(29-12.5+2.28)°61.65/144)
NPSHm = =40.2-29
Table 16 Simitar to Table 14 b
Tabie 17 Similar to Table 15 b
Table 18 Myax = =0.001888°({1{14.7/16.31)* 2)/(1{14.7/59.7)*2))0.8
9= =0.621°(3.054/(16.31-3.054))
Mcas = =C91/(C92+1)
M = =16146-{{C91/(C92+1))*(180000-176400))
Pc= ={(16144°53.3°601.7/(147000+124500))/144)+3.02 ) 2
v
Table 19 Similar to Table 18 e S %
el + - ’ : é 3
Table20 iy __|Similar to Table 14b | 232
b i et N ot 3=
SR R INPSHA=  1=31.0941253.2 -
SRS AR S . . _[=3.024((27-12.5+3.2)°61.34/144)
SR AN 3 ___INPSHm= = [=80.4-27 SR D ]
NPSHm = =(16.26-10.56)"144/61.34

Page 3



Page 4

Calc M862 Rev 2 Check Equations :
Review of Calc M-6562 Rev 3
L Similar to Table 20 ex "
NPSHA = =31.09+125-2.38
ol b =3.02+((29-12.5+2.38)1.34/144)
NPSHm = =41.2-29 ;
SO B Similar to Table 20 b
Table 23 Similar to Table 21 b
Pa— n =((16315°53.3°590/( 147200+ 124500))/144)+ 2.223
- o ={C116-2.223)"144/61.56
NPSHA= 7+412.5-2.38
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Calc M862 Rev 3 Check Equations

|j-ot-mem v-f'/sec Pyr-psia Temp °F
=C5*'D5 =E5%0.0000208854 | =D50.0000107839 60
=C6°D6 =E6°0.00002083854 =D6*0.00001G7632 75
80
:(_Sﬂ:m =E8*0.0000208854 =DN8"0.00001076398 100
=Co*D9 =E£9°0.0000208854 '=D90.0000107639 (2223 130
=C10*D10 =E£10*0.0000208854 =D10"0.0000107839 170
=C11*D11 =E11*0.0000203854 |=D1 1°0.0000107639 178
=C12*D12 =E12°0.0000208E54 =D12°0.0000107639 180
=D13*0.0000107639 166
=D14*0.0000107638 185
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BECo Calculation M-734, Rev. 2



