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.

3.0 Purpose & Scope

'

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

To determine if the WPSH requirements of the pumps will-be
- . met,-the highest-possible suppression. pool temperature, the

lowest possible chamber _ pressure, and the lowest possible-
pool- level following the station blackout cre considered.

| To determine if the RCIC turbine will trip due to high
backpressure, the highest-possible chamber pressure, the-7 ~

L highest possible pool level, and the highest.possible RCIC
_

~

L turbine exhaust-flow following:the station blackout are
L. considered.
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.

4.0 Desion Input

1. The-initial conditions of the suppression rool are
taken from Reference 7.

2. Conservative conditions of the suppression pool
following station blackout are taken from Reference la.

3. Conservativo conditions of the drywell following
station blackout are taken from Reference Ib.

4. Minimum suppression pool water levels following station
blackout are taken fron Reference id.

5. Required not positive-suction head values of 1.5 feet
,

for the HPCS pump at a flow of 6250 RPM, 11.5 feet for
cha RHR pump at a flow of 7200 GPM, 15 feet for the
RCIC puup at a ficw of 600 GPM, and the limiting
conditions.to meet these NPSH requirements are taken
from Reference ic.

-6. The layout of the RCIC turbine exhaust piping is
provided in Reference 2.

7. Pipe size and schedule for the RCIC turbine exhaust
piping are taken from References 4 and 5.

8. The equations for velocity in a pipe and for Reynold's
number are taken from Reference 10.

9. The equations for ideal gases and celative humidity and
the values for the gas constants are taken from
Reference 10.

10. Values for the losses associated with valves and
fittings located in the RCIC turbine exhaust piping are
provided in Reference 6b and Reference 8.

11. The valuer of temperature, pressure, and specific
volume for saturated liquid water and saturated water
vapor are taken from Reference 9. Where necessary, the
values have been determined by linearly interpolating
betwean the values in the table.

l'2. The valtes of internal energy for saturated liquid
water and saturated water vapor are taken from
Reference 11.

I
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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 .'or frictional losses is taken from
Reference 6a.

15. The setpoint for RCIC turbine trip.dte to high
backpressure is 25 psig and is taken ' rom Reference 13.

.
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5.0 $ssumpilons

1. Both the-drywell and the suppression chamber are
assumed to be leak-tight.

2. The temperature of the suppression chamber is assumed
to be the same as the pool temperature, and no credit
is taken for heat transfer to the concrete and steel
structures in the airspace.

3. To determine a low suppression chamber pressure for the -

evaluation of the pumps' NPSH requirements, pressure
increases due to pool evaporation and drywell venting

3
are not considered.

4._ To determine a high suppression chamber pressure for
the RCIC turbine backpressure analysis, 100% relative
humidity is assumed.e t

5. To determine an increase in pressure of the suppression
chamber due to the venting from the drywell, an
.instanteous mass transfer of a homogeneous mixture of
air and water vapor is acsumed to occur to balance the
_ pressure between the dryvell and the suppression
chamber.

6. In the RCIC turbine backpressure analysis, all steam
vented from the drywell to the suppression pool is
assumed to condense.-

7. In the RCIC backpressure analysis, it is aasumed that
after the_RFV has been depressurized to 165 psia,_the
RPV pressure will be maintained between 165 psia and'

200 psia. Also, since RCIC turbine flow decreases as
RPV pressure decreases, an exhaust flow is determined
at an RPV pressure of 200 psia by linear interpolation
of the exhaust flow versus RPV pressure data in
Reference la.

9
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6.0 ADoroagh

To determine if the net positive suction head requirements
for the HFCS, RHR, and PClC pulps will be met following a
station blackout, the worst case values of temperature and
water level in the suppression pool and pr essuru in the
suppression chamber are determined. Thir includes the
lowest water level the pool would be expected to reach, the
highest possible pool temperature, and the lowest possible
suppression chamber pressure. The limiting conditior of
these parameters such that the NPSH requirements of the
pumps are met and that flashing does not occur in the
suction piping are provided in Reference ic. Flashing
occurs in the suction piping when the pressure of the water
dropa below its vapor pressure.

Worst case conditions for NPSH of the RCIC pump are taken
L four (4) hours and fifteen (15) minutes following station
| blackout with the RCIC system used for decay heat removal.
| After this time, RPV pressure in decreased, and steam flow

to the RCIC turbine is stopped, thus shutting off the RCIC
pump. Worst case conditions for the HPCS and RHR pumps are
taken four (4) hours and fifteen (15) minutes-following
station blackout with the HPCS system used for decay heat
removal (Reference la). 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. The pressure in
the suppression chamber is calculated based on the
temperature in the pool and air behaving as an ideal gas.
To be conservative, an increase in suppression chamber
pressure caused by pool evaporation and drywell venting is
not considered. If the suppression chamner pressure is less
than the vapor pressure corresponding to the pool
temperature, boiling has occurred. The conditions in the
pool are then balanced to create thermodynamic equilibrium.

Reference Ic 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 requirements 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
rparger must be determined. To be conservative, the maximum
possible suppression chamber pressure is calculated, the
maximum water level is' determined, and the maximum RCIC

I turbine exhaust flow based on the pressure in the. reactor
pressure vessel is used to calculate the pressure drop.

1
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'
The suppression chamber pressure is maximized by
conservatively assuming the drywel: vents to the suppression
chamber, and tnat a minimum pressure differential will
exist. The pressure differential is based on the
hydrostatic pressure that has to be overcome before the
drywell can vent into the wetwell.

The maximum water level is calculated by using the
conservative results of Reference la which maximizes steam
and leakage flow into the suppression pool.

If the suppression chamber pressure and the pressure drop of
the exhaust through the pipe and sparger are less than RCIC
turbine backpressure trip setpoint, the turbine will not
trip during the station blackout due to high backpressure.

__-__ _ - _ -
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7.0 palculations-
For details, see Attachment - 10.1 - Hand Calculations

Evaluation of the RCIC Pump NPSH requirements:

NPSH -(Pump Inlet Centerline) = 15 Feetg
Flow Rate- = 600 GPM
Maximum Pool Temperature = 217.1'T
Minimum Pool Level = 695'-0"
Minimum Chamber Pressure = 19.1 psia
NPSH (Pump Inlet Centerline) = 22.6 Feetg
Minimum Water Pressuro - Vapor Pressure = 9.8 Feet

' Evaluation of the HPCS Pump NPSH Requirements:

1 NPSH (Pump Inlet Centerline) = .'.5 Feetg
Flow Rate = 6250 GPM
Maximum Pool Temperature = 234.2'F
Minimum Pool Level = 695'-0"

= 22.5 psiaMinimum Chamber Pressure
.

= 16.5 FeetNPSH (Pump Inlet Centerl.ine)g
Minimum Water Pressure - VP.por Pressure = 9.2 Feet

Evaluation of the RHR Pump NPSH Requiremente:

NPSH (Pump Inlet Centerline) = 11.5 Feet
R

. Flow Rate- = 7200 GPM

. Maximum Pool Temperature = 234.2'F'
Minimum Pool Lt. vel = 695'-0"

= 22.5. psiaMinimur Chamber Pressure .

= 16.2' FeetNPSHg (Pump Inlet Centerline)
. 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 Chamber 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 Minuta; Following Station Blackout,

RCIC Turuine Backpressure Trip Setpoint = 25 psig
Maximum Chamber Pressure = 21.3-psig
Maximum Water Level = 700'-4"
RCIC Turbine Exhaust Flow = 8910 lb/hr
Friction Losses Through Exhaust Pipe = 0.21 psi
Pressure Drop Through Sparger = 3.02 psi
Maximum RCIC Turbine Backpressure = 24.5 psig

|
,

|
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8.0 ,Results

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 is 15 feet, and the available NPSH is
22.6 feet. The required NPSH for the HPCS pump at 5250 GPM
is 1.5 feet, and the available NPSH is 16.5 feet. The
required NPSH for the RHR pump at 7200 GPM is 11.5 feet, and
the available NPSH is 16.2 feet.

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 backpre.asure
is 23.1 psig fours' hours following station blackout and 24.5
psig fours hours and 15 minutes following station blackout.

!
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