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3.0 Purpose & Scope

The purpose of this calculation is to verify that following
station blackout, NPSH regquirements for RCIC, HPCS, and RHR
pumps are satisfied, and that the RCIC turbine backpressure
does not exceed the turbine trip limit.

To determine if the ..PSH requirements of the pumps will be
met, the highest poussible supprassion pool temperature, the
lowest possible chamber pressure, and the lowest possible
pool level following the ~tation blackout «re considered.

To determine if the RCIC turbine will trip due to high
backpressure, the highest possible chamber pressure, the
highest possible pool level, and the highest possible RCIC
turbine exhaust flow following the station blackout are
considered.
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4.0 Design Input
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taKen

conservative conditions of the
following station blackout are

Conservative conditions of the drywell fol

station blackcocut are taken from Reference

Minimum suppres
wlackout are ta

sion pool water levels fol'owing station
ken frorm Reference 1d.

Reguired net positive suction head values of 1.5 feet
tor the HPCS pump at a flow of 6250 r®M, 11.5 feet for
th2 RHR pump at & flow of 7200 GPM, 1% reet for the
RCIC punp at a flcw of 600 GPM, and the limiting
conditions to mect these NPSH requirements are taken
from Neference 1c.

The layout of the RCIC turbire exhaust piping is
provided 1in Reference 2.

Pire size and schedule for the "IC turbine exhaust
piping are talken from Raferenc and 5.

velocity 1rn a pipe and for Reynold's
from Reference 10.

The eguations for ideal gases and relative humidity and
the values for the gas constants are taken fronm
Reference 10.

Values for the losses asscciated with valves

fittings located in the RCIC turbine exhaust

provided in Reference 6b and Feference 8.

lhe valuer of temperature, pressure, and spen

volume "2r saturated ligquid water and saturated water
vapor are taken from Reference 9. Where necessary, tLhe
values have been determined by linearly interpolating
petwean the valuee¢ in the table.

internal energy for

5
f
saturated water vapor
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13. The values for the viscosity of water and the friction
' factor, f, re taken from Reference 3.

14. The equation Jor frictional losses is taken fron
Reference é6a.

15. The setpoint for RCIC turbine trip die to high
Fackpressure is 25 psig and is taken ‘rom Reference 13.
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6.0 Approach

To determine if the net positive suction head reguirements
for the HFCS, RHR, and RC1C punps wil) be met following a
station blackout, the worst case values of temperature and
water level in the suppression pool and ::essure in the
suppression chamber are determined. Thif includes the
lowest water level the pool would be expected to reuch, the
highest possible pool temperature, and the lowest possible
suppression chamber pressure. The limiting conditior of
these parameters such that tie NPSH requirements of the
pumps are met and that flashing does not occur in the
suction piping are provided in Reference 1lc. Flashing
occurs in Lhe suction piping when the _ressure of the water
drops below its vapor pressure.

Worst case conditions for NPSH of the RCIC pump are ta.ten
four (4) hours and fifteen (15) minutes following station
blackout with the RCIC system used for decay heat removal.
After this time, RPV pressure :!:. decreased, and steam flow
to the RCIC turbine i1s stopped, thus shutting off the RCIC
pump. Worst case conditions for the HPCS ai.d RHR pumps are
taken four (4) hours and fifteen ‘15) minutes following
s“ation blackout with the HPCS system used for decay heat
removal (Reference 1a2). At this time, pool cooling becomes
available and the RHR pumps are started.

Reference la provides the maximum pool temperatures, and
Reference 1d provides the low water levels. [(he pressure in
the suppression chamber is calculated hased cn the
temperature in the pocl and air “»ehaving as an ideal gas.

To be conservative, an increase irn suppression chamber
pressure caused by pool evaporation and drywell venting is
not considered. If the suppression champbexr pressure is less
chan the vapor pressure corresponding to the pool
temperat.ire, boiling has occuirred. The conditions in the
pool are then balanced to create thermodynamic equilibrium.

Reference 1c provides the limiting conditions of pool level

and temperature and chamber pressure. The worst case values
are then compared with the limiting conditions to determine

in NPSH regquirements are met.

To determine if the RCIC turbine will trip due to high
backpressure, the pressure in the suppression chamber and
the pressure drop of the exhaust through the pipe and the
sparger must be determined. To be conservative, the maximum
possible suppression chamber pressure is calculated, the
paximum water level is determined, and the maximum RCIC
turbine exhaust flow based on the pressuce in the reactor
pressure vessel is used to calculate the pressure drop.
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7.0 yalculations
For details, see Attachment - 10.1 - Hand Calculations

Evaluation of the RCIC Pump NPSH requirements:

NPSHy (Pump Inlet Centerline) = 15 Feet
Flow Rate = 600 GPM
Maximum Pool Temperature = 217.1°*F
Minimum Pool Level = 695'-0"
Minimum Chamber Pressure = 19.1 psia
NPSH, (Pump Inlet Centerline) = 22.6 Feet
Minimum Wateér Pressure - Vapor Pressure = 9.8 Feet

Evaluation of the HFCS Pump NPSH Regquirements:
NPSHp (Pump Inlet Centerline) = 1.5 Feet
Flow Rate = 6250 GPM
Maximum Pool Temperature = 234.2°F
Minimum Pool Level = 695'~-0"
Minimum Chamber Pressure = 22.5 psia
NPSH, (Pump Inlet Centerline) = 16.5 Feet
Minimum Water Pressure - Vapor Pressure = 9.2 Feet

Evaluation of the RHR Pump NPSH Requiremen* ~:
NPSHg (Pump Inlet Centerline) = 11.5 Feet
Flow Rate = 7200 GPM
Maximum Pool Temperature = 234.2°F
Minimum Pool Level = 695'-0"
Minimur Chamber Pressure = 22.%5 peia
NPSH, (Pump Inlet Centerline) = 16.2 Feet
Minimum Water Pressure - Vapor Pressure = 9.2 Feet

Evaluation of the RCIC Turbine Backpressure:

4 Hours Following Station Blackout

RCIC Turbine Backpressure Trip Setpoint = 25 psig
Maximum Chanber Pressure = 19.9 psig
Maximum Water Level = 700'=2"
RCIC Turbine Exhaust Flow = 8910 lb/hr
Friction Losses Through Exhaust Pipe = 0.21 psi
Pressure Drop Through Sparger = 2.95 psi
Maximum RCIC Turbine Backpressure = 23.1 psig
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4 Hours and 15 Minute. Following Station Blackout

RCIC Turwine Backpressure Trip Setpoint =
Maximum Chamber Pressure

Maximum Water Level

RCIC Turbine Exhaust Flow

Friction Losses Through Exhaust Pipe
Pressure Drop Through Sparger
Maximum RCIC Turbine Backpressure

25 psig
21.3 psig
700'=-4"
8910 1lb/hr
0.21 psi
3.02 psi
24.5 psig
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8.0

EResuits

NPSH requirements for the RCIC, HPCS, and RHR pumps will be
met following a station blackout. The required NPSH for the
RCIC pump at 600 GPM i1s 15 feet, and the available NPSH is
22.6 feet., The required NP3H for the HPCS pump at 4250 GPM
is 1.5 feet, and the available NPSH is 16.5 feet. The
required NPSH ror the RHR pump at 7200 GPM is 11.5 feet, and
the available NPSH is 16.2 teet.

The RCIC turbine will not trip due to high back pressure
following a station blackout. The backpressure trip
setpoint is 25 psig, and the maximum calculated backpressure
is 23.1 psig fours hours following station blackout and 24.5
psig fours hours and 15 minutes following station blackout.



Calculati” i No.
Revision ¢

9.0 References
1.
al
b
C.
d'
2I

ATD=-0117 Project No. 9012-26
Page 12

Sargent & Lundy Calculations:

3C7-0390~001, Revision 1. 5-11-%2, Suppression
Pool Temperature Transient Following Station
"lackout

3C7-0390~-002, Revision 1, 5-11-9%2, Drywell
Temperature Transient Following Station Blackout

ATD-0070, Revision 1, 3-25~92, Limiting Opervating
Conditions for Net Positive Suction Head (NPSH)
for HPCS, LPCS, RCIC, and RHR Pumps

3C7~0189-001, Revision 2, 5-21-90, LaSalle Station
Blackout Condensate Inventory Copyi.g Assessment

Sargent & Lundy Piping Drawings:

M~844, Sheet 1, Revision AT, Reactor Core
Isolation Coclant Piping, LaSalle County Station,
Unit 1

M=-844, Sheet 2, Revision AF, Reactor Core
Isolation Coolant Piping, LaSalle County Station,
Unit 1

M-844, Sheet 3, Revision AC, Reactor Core
Isolation Coolant Piping, LaSalle County Stat.on,
Unit 1

M-844, Sheel 4, Revision AK, Reactor ( ure
Isolation Coolant Piping, LaSalle County Station,
Unit 1

M-844, Sheet 5, Revision AG, Reactor Core
Isolation Coolant Piping, LaSalle County Staticn,
unis 3

M-944, Sheet 1, Revision W, Recactor Core Isoluation
Coclant Piping, LaSalle County Station, Unit 2

M-944, Sheet 2, Revision P, Reactor Core Isolation
Coolant Piping, LaSalle County Station, Unit 2

M-%244, Sheet 3, Revision R, Reactor Core Isoclation
Coolant Piping, LaSalle County Station, Unit 2



Calculatic
Revision 0

8.
9.
1C.

11.

12.

13.

n No. ATD~0117 Project No. 9012-26
Page 13
i M~944, Sheet 4, Revision ¥V, Reactor Core Isolation

Coolant Piping, LaSalle County Station, Unit 2

p M-944, Sheet 5, Revision T, Reactor Core Isolation
Coolant Piping, LaSalle County Stition, Unit 2

LaSalle County Station, Units 1 & 2, Sargent & Lundy
Mechanical Drawing List, 4-03-92

Sargent & Lundy Line List Drawings:

A M=-3101, Revision AL, Reactor (ore Isolation
Coolant Syst2m Line List, LaSalle County Station,
Unit 1

b. M-3147, Revision AG, Reactor Core Isolation
Coolant System Line List, LaSalle County Station,
Unit 2

Piping Design Table "105LS" Revision D, LaSalle County
Station

Sargent & Lundy Mechanical Standards:
a. MES-2.10, Revision F, Pipe Sizing Data

b. MES-2.16, Revision E, Pressure Drop: Fittings,
Valves, & Discontinuities

(-3 MAS-22, Revisior E, Preparation, Review & Approval
of Mechanical Department Design Calculations

LaSalle County Station UFSAR, Volume V, Chapter 6,
Engineered Safety Features, Revision 8, 4-17-92.

Crane Technical Paper 410, 1988 Printing
ASME Steam Tables, 1967 Edition

Marks' Standard Handbook for Mechanical Engineers,
Ninth Edition

Fundamentals of Classical Thermodynamics, 3rd Edition,
Wylen & Sonntag, 1985

Sargent & Lundy Instrument Data Sheet PS00~C, Revision
X, LaSalle County Station, Units 1 & 2

Sargent & Lundy Instrument Data Sheet PS248, Revision
A, Pressure Switches, LaSalle County Station, Units 1 &
2



Calculation No. ATD=-0117 Project No. 9012-26

Revision 0

14.

15,

16,

17.

Page 14

User's Manual for Compare/MODT-PC Computer Program
(03.,7.322-1.0), 1=28-92

Sargent & Lundy Structure Drawing $-32%, Revision P,
Reactor Ceontainment Liner Plate Cross Section, LaSalle
County Station, Unit 1

LaSalle County Station, Units 1 & 2, Sargent & Lundy
Structural Drawing List, 4-03-92

Mechanical Engineering Reference Manual, Michael R.
Lindeburg, 8th Edition, 1990.



Calculation No. ATD-0117 Project lko. 9%012~-26
Revision 0 Pago 15

10.0 Attachmeits
10.1 Hand Calculations (39 Pages)
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