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At t ent io n : Mr. Frank J. Miraglia, Chief . -
"'

Licensing Branch #3
Division of Licensing

Re f ere nc es : (a) Construction Permits CPPR-135 and CPPR-136, Docket

No s . 50-443 and 50-444
(b) US NRC Le t t e r, da t ed Fe b rua ry 12, 1982, " Request for

Additional Inf ormation," F. J. Miraglia to W. C. Tallman

(c ) PSN!! Le t ter, dated March 12, 1982, " Responses to 440
Series RAIs; (Reactor Systems Branch)"

Su bj ec t : Responses to 440 Series RAls; (Reactor Systems Branch)

Dear Sir :

We have enclosed responses to the following RAIs, which you f orwarded in
Re f e re nc e (b):

| 440.28, 440.34, 440.43, 440.46

TLe responses were not included in the Reference (c) response s.
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RAI 440.28 (6.3)

Table 6.3-7 lists required operator actions. Provide a timetable which in-
dicates minimum time from accident initation to required action. For any
time less than 20 minutes, provide the consequences of no action.

RESPONSE:

The safety injection mede of ECCS operation consists of the ECCS pumps (charging,
safety injection, and residual heat removal) and the containment spray pumps
taking suction from the refueling water storage tank (RWST) and delivering
to the reactor coolant system and containmer.t, respectively. In order to
determine the minimum time available from injection initiation to recirculation,;

the following conservative bases are established:

1. The minimum RWST volume available for injection mode operation is
350,000 gallons.

, 2. Containment and RCS pressures are assumed to be O psig to maximize
! flow out of the RWST.
l

| 3. Conservatively high pump runout flow rates are assumed:
|

Flow Rate / Pump
Pump (gpm)

o. 4 % -

Safety Injection 450
Charging 450
RHR 4,000
Spray 3,300

.

Total RWST outflow during injection mode operation is 16,400 spa.

Based on the minimum RWST volume for injection mode operation and the maximum
total flow rate out of the RWST, the shortest injection made operation time
is approximately 21.9 minutes, as discussed in Subsection 6.5.2.2. 13 tis is|

the earliest time at which the RWST " low-low" level setpoint la reached and
the containment sump isolation valves open automatically. The opecator would
then take action to complete the steps necessary for switchover from injection
to recirculation (see Table 6.3-7). During the switchover operation, the
flow rate out of the RWST is reduced accordingly as the ECCS valves are
repositioned.

' .
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RAI 440.34 (6.3)

Page 6.3-18 indicates that no operator action is required following a low-
low-1 RWST signal for 58.9 minutes. Provide the assumptions ut(11:ed incalculating this time frame. Dooo this time frame agree w(th the time frameassumed in Table 6.3-77

RESPONSEt '

The interpretation that no operator action is required for 58.9 minutes.following a low-low-1 signal is incorrect.

The 58.9 minute period is the time available for accomplishing the manual
portion of the switchover sequence (Table 6.3-7) with the followingassumptions: -

*

1.
Both sump isolation valves (CES-V8, V14) open following receipt ofthe lo-lo-1 signal.

-

2. All check valves in the RWST lines to the RH and CBS pump suctione
(C38-V3, -77, -V35 and -V56) are seated due to containment

-

pressure and elevation head, halting RWST outflow to these pumps.
3. Both charging pumps and both safety injection pumps continue to

draw from the RVST at a combined rate of 1800 spa (450 spo per *

pump).
,

.

4. Vortaming considerations are neglected.

5. Available IW8T volume is reduced by an amount equal to the,
instrument uncertainty.

We recognize that the above assumptions are not the most conservative with respect
to vortexing. The 58.9 minute value has been delted from the text. For the
more conservative assumptions, see revised FSAR Subsection 6.3.2.8 (attached)
which will be provided in FSAR Amendment 45.
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RAI 440.43 (6.3)

Recently, a similar plant has indicated that a design error existed in the
sising of their RWST. This error was discovered during a design review of ;

the net positive suction head requirements for the containment spray and
residual heat removal pumps. The review showed that there did not appear to
be sufficient water in the RWST to complete the transfer of pump suctions
from the tank to the containment sump before the tank was drained and ECCS
pump damage occurred.

It was reported that in addition to the water volume required for injection
following a LOCA, an additional volume of water is required in the RWST to
account fort

(1) Instrument error in RWST level measurements.

(2) Working allowance to assure that normal tank level is sufficiently above
the minimum allowable level to assure satisfaction of technical specifications.

(3) Transfer allowance so that sufficient water volume is available to supply
pumps during the time needed to complete the transfer process from injection
to recirculation.

(4) Single failure of the EccS system which would result in a larger volume
of water being needed for the transfer process. In this situation, the
worst single failure appears to be failure of a single ECCS train to
realign to the containment sump upon low RWST signal. This results in
the continuation of large RWST outflow and reduces the time available
for manual recirculation switchover, before the tank is drawn dry and
the operating ECCS pumps are damaged. '

(5) Unusable volume in the tank is present because once the tank suction
pipes are reached, the pumps lose suction and any remaining water is
unusable. Additionally, some amount of water above the suction pipes
may also be unusable due to NPSH considerations and vortexing tendencies
with the tank.

Preliminary indications are that approximately an additional 100,000 gallons
of RWST capacity were needed to account for these considerations. It is our
understanding that the design parameters for instrument error, transfer allowance
and single failure have changed since the original slaing of the tank.

In light of the above information, discuss the adequacy of your refueling
I water storage tank. Provide a discussion of the necessary water volumes to

accommodate each of the five considerations indicated above. Justify your
choice of volumes necessary to account for each consideration. Provide drawings
of your RWST, showing placement and elevation of tank suction lines, and
level sensors. Also, provide operator switchover procedures for aligning to
the recirculation mode, with estimates of the time required for each action.

RESPONSES
_

Refer to revised FSAR Subsection 6.3.2.8, to be provided in Amendment 45.

- --. - __ _ _ _ _
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_RAI 440.46 (6..')

Provide a table which shows the sequence of changeover from injection to
recirculation. Provide a time reference for each action given in this table.
Indicate the time required to complace each action, and what other duties
the operator would be responsible for at this point in the postulated
accident. How much time does the operator have to realign the SI and
charging pumps before RWST water is exhausted. Consider the required NPSH
for these pumps in your answer.

RESP 0W5g
1

Refer to ravised FSAR Subsection 6.3.2.8, to be provided in Amendment 45.
,
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Amendment 45)

should be noted that the residual heat removal pumps would continue to operate
during this changeover from injection mode to recirculation mode.

i

Tha two charging pumps and the two safety injection pumps would continue to
take suction from the refueling water storage tank following the above auto-
matic action, until manual operator action is taken to align these pumps in
series with the residual heat removal pumps.

The refueling water storage tank level protection logic consists of four
level channels, with each level channel assigned to a separate process control
protection set. Four refueling water storage tank level transmitters provide
level signals to corresponding normally deenergized level channel bistables.
gach level channel bistable would be energised on receipt of "a refueling
water storage tank level signal less than the low-low-1 level setpoint.

A two-out of-four coincident lugic lu utilised in both procedtion cabinets A
and B to ensure a trip signal in the event that two out of the four level
channel bistables are energized. This trip signal, in conjunction with the"S" signal, provides the actuation signal to automatically open the correspond-ing containment sump isolation valves.

The first manus 1 actions are required of'the operator after the "lo-lo-1"
level signal actuates the opening of the sump valves. The "lo-lo-1 signal
also alarma at the MCB to alert the operators to the need for action. *

The volume above the "1o-1o-1" level setpoint is determined, not only by the
.

minimum required injection volumes of 350,000 galloss, but also by the need1

to allow for possible instrument error and 1,evel changes due to. water temper-ature variation. ,

Figure 6.3-6 shows a schenstic of the tank, the level instrumentation set-
points and the various water volume allowances.

A working allowance of 4 inches of tank height (3800 gallons) was selected
to account for water level changes due to temperature variation. A temperature
change from 900F to 400F will lower the tsak water level by about 2.4 inches.

.

The " tech spec" level alara setpoint was selected to assure that a minimum
of 350,000 gallons remains above the "1o-1o-1" level (switchover) setpoint.,
if the water level drops below the " tech spec" setpoint, the alarm sounds
and the plant will'be placed in the mode mandated by the plant technical
specifications. A " tech spec approach" alarm is provided to alert the operator
to a need for makeup prior to reaching a water level requiring plant shutdown.
(Two inches of alarm separation assures that both alarms will not sound
simultaneously).

Allowance was made for instrument error between the,lustrtwo level setpoints (+ 1.5%of the instrument range 0-30 inches) and an overall ument loop error
(en additional + 1.5%).

6.3-18
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The time from accident initiation to the first required manual actions is
dependent on initial tank water level, draw-down rate and "lo-lo-1" level
alarm point'. The minimum time from accident initiation to required action
is calculated to be 21.9 minutes. This is the time required to draw 350,000

conservatively high pump flow rates as follows:gallons from the RWST at
Flow Rate / Pump

(gpm)Pump-

safety Injection 450*

450Charging*

* RER 4,000

** Spray 3,300 ,

Total 16,400

It should be noted that the entire 16,400 gpm is assumed to come from the
RWST, neglecting the additional volume available in the spray additive tank.

gallon injection allowance isAs can be seen in Figure 6.3-6, the 350,000
contained between the extreme low range of the " tech spec" alarm error band
and the extreme upper range of the "lo-lo-1" signal error band. The 23,400

gallon transfer allowance is found between the low range of the "lo-lo-1"
alarm and the high range of the " empty" alarm. A 9,100 gallon pump shutoff
allowance is provided between the low range of the " empty" alarm and the
calculated level for potential vortexing assuming the worst single failure.

The time available for the manual portion of the switchover is dependent on
Table 6.3-10 lists t.he sequence of operator actions,the race of outflow.

estimated duration and maximum outflow rate at the and of each action.

In the event of a design basis LOCA, the sump isolation valves would be fully
The combination ofopen 29 seconds after receiving the "lo-lo-1" signal.

the containment pressure and elevation, head from the sump would seat the *

check valves in line between the RWST and the CBS and RHR pumps (CES-V3,
-V7, -V55, -V56) reducing the flow rate out of the tank to 1,800 spm.

At

10.1 minutes remains above the " empty" alarm forthis flow rate, at least
completion of the actions described in Table 6.3-10.

In an accident for which the RWST water is at the minimum allowed temperature,
sinks are at a low temperature and the heat transferthe containment heat

rate in the containment is high, the containment pressure may be high enough

10 second actuation delay*
** 30 second actuation delay

6.3-18a
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to actuate the spray, but not high enough to seat the check valves referenced
above. This would result in a continued high flow rate from the tank until

~

the RWST is~olation valves (CBS-V2. VS) are closed (approximately 75 seconds
after "lo-lo-1" signal by Table 6.3-10. From this point there is at least i

'3.09 minutes of operation at 1,800 gpm, for a total of 4.34 minutes before
the " empty" alarm sounds. There is at least 12.4 minutes of operation between
the "10-10-1" and possible vortexing in this case.

.

The limiting single failure for the design is the failure of one of the RWST
isolation valves (CBS-V2, -VS) to close. If one of these valves does not
close, the flow rate drops from 16,400 to 9,100 gpm (not 1,800). At this

high flow rate, the " empty" alarm will sound, alerting the operator to
immediately shut off any pumps still taking suction from the tank. There is
sufficient volume between the " empty" alarm and the calculated vortexing
level for at least one minute of operation for shutting off the pumps.

The consequences of the operator failing to act altogether will be ivas of
high head safety injection pumps and charging pumps.

Following the automatic and manual switchover sequence, the two residual
heat removal pumps would take succion from the containment sump and deliver
borated water directly to the RCS cold legs. A portion of the Number 1
residual heat removal pump discharge flow would be used to provide suction
to the two charging pumps which would also deliver directly to the RCS Cold
lege. A portion of the discharge flow from the Number 2 residual heat re-
moval pump would be used to provide suction to the two safety injection pumps
which would also deliver directly to the RCS cold legs. As part of the manual
switchover procedure (see Table 6.3-7, Step 4), the succions of the safety
injection and charging pumps are cross-connected so that one residual heat
renoval pump can deliver flow to the RCS and both safety injection and charging
pumps, in the event of the failure of the second residual heat removal pump.

See Section 7.5 for process information available to the operator in the
control room following an accident.

.
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TABLE 6.3-10

MANUAL SWITCHOVER SEQUENCE

Maximua
Estimated RWST

Time (Sec) Duration Outflow
From To Action (Sec) (GPM)

*

Start RWST lo-lo-1 signal - -

0-29 CBS-V8, -V14 opening 29 16,400

30-60 Locate CBS-V2, -V5 switches 30 16,400

60-75 CBS-V2, -V5 closing 15 16,400

75-105 Locate sI-V89, -V90, -V93 30 1,800
switches

105-115 SI-V89, -V90, -V93 closing 10 1,800

115-145 Locate RH-V21, -V22 switches 30 1,800

145-155 RH-v21, -V22 closing 10 1,800

155 ,185 Locate CS-V460, -V461 switches 30 1,800

185-195 CS-V460, -V461' opening 10 1,800

195-225 Locate RH-V35, -V36 avitches 30 1,800

225-235 RH-V35, -V36 opening 10 1,800

.
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