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1.0 PURPOSE

The purpose of this calculation is to determine a conservative time interval between
the occurrence of the design basis loss of coolant accident (LOCA) or main steam
line break (MSLB) in containment and the time at which a single train of the
containment spray (CS) system or a post accident emergency cooling unit (ECU)
is fully functional for containment heat removal. The containment spray and
emergency cooling unit delay times are determined with and without a loss of off-
site power (LOOP).

This revision of the calculation specifically includes engineered safety features
(ESF) analysis set points of 5 psig for safety injection and containment emergency
cooling unit actuation and 20 psig for containment spray system actuation. This
revision also specifically calculates a spray piping fill time consistent with the
performance of a 7.5% degraded containment spray pump identified in calculation
M-0014-009 [Ref. 6.1].

The results of this calculation are included in UFSAR Chapter €, tables 6.2-30 and
6.2-31, which present design basis delay times for containment heat removal
system operation following a design basis LOCA or MSLB in containment. For
conserva. sm, the delay times developed in this calculation are based on the
containment pressure response to the design basis MSLB (main steam line break
at 102% reactor power) since this accident provides a slower rate of containment
pressure rise than does the design basis LOCA.

The delay times determined in this calculation provide a basis for modeling the
start of containment heat removal systems in analyses to determine the
containment pressure and temperature response to the design basis | OCA and
MSLB events. These delay times are applicable only to large break events with
containment pressure ramps that reach the containment high and high-high
pressure analysis setpoints within the times used in this calculation. In-
containment high energy line break events which provide slower rates of
containment pressurization should be individually evaluated for the timing of heat
removal system operation using the methodology of this calculation, but based on
a calculated break-specific time to reach the high and high-high containment
pressure analysis setpoints.

This calculation revision is required to support closure of disposition step 2 of
NCRs 93030001, 2, 3, and 4 [Ref. 6.7] by providing minimum CS and ECU start
time data for use in revising the design basis LOCA and MSLB analyses of record.
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2.1

RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

Results

The results of this calculation show that, following a design basis loss of coolant
accident (DB LOCA) or a design basis main steam line break (DB MSLB), the
containment emergency cooling units and containment spray system will be fully
functional after the time intervals identified below. Delay times reflecting loss of
offsite power (LOOP) and no loss of offsite power (no LOOP) are provided. For
the LOOP case, the loss of power is assumed to occur at a point in time following
the LOCA or MSLB such that the loss of voltage signal (LOVS) which starts the
emergency diesel generator, occurs coincident with the generation of the safety
injection actuation signal (SIAS) occurring on containment high pressure
(SIAS/LOVS event). The values in brackets {} are the values of record from the
previous revisions of this calculation.

SUMMARY OF RESULTS
mergency Cooling Unit and Containment Spray Actuation Times

No Loss of Power With Loss of Power

Emergency Cooling Unit
Delay Time (seconds) 15 {13} 34 {33}

Containment Spray
Delay Time (seconds) 49 {46.6} 59 {55}

These delay times are specifically applicable to the DB LOCA (double-ended RCS
suction leg slot break) or DB MSLB (steam line break at 102% power).
Containment high energy line break events which provide slower rates of
containment pressurization than the DBA events cited should be individually
evaluated for the timing of heat removal system operation using the methodology
of this calculation, but based on break-specific times to reach the high and high-
high containment pressure setpoints.

Timelines describing the sequence of events and individual delay times associated
with each component of the overall actuation time are provided in Section 8
(Calculations) as Figures 1 and 2 on pages 24 and 28 for the emergency cooling
units and the containment spray, respectively.
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The change in analysis setpoint for containment high pressure from 4 psig to the
currently used 5 psig [Ref. 6.2] had no effect on the delay time calculation. The
2 seconds previously allowed for the containment pressure to reach the high
pressure setpoint envelopes the higher setpoint.

<m

The 2-second increase in the delay time for emergency cooling unit operation with
no LOOP is due to not crediting full operability until the component cooling water
block valves to the fan cooler units are completely open versus 83% open at 13
seconds in the prior analysis.

The 1-second increase in the delay time for emergency cooling unit operation with
LOOP is due to increasing the tolerance on the sequencing time delay relays for
component cooling water pump start from 0.5 seconds to 1.5 seconds (+10% of
the 15-second delay setting).

The change in containment spray system flow rate to allow for up tc 7.5% spray
pump degradation [Ref. 6.1] increased the spray piping/header fill time by about
3.5 seconds which is the major contributor to the changes in spray start time.
Minor changes in other components of the overall delay time for the spray system
actuation, including a =10% uncertainty in the repeatability of sequencing the
containment spray pump, also contributed to the differences in the results.
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Conclusions & Recommendations

The overall delay times employ constituent response times which are consistent
or conservative with respect to Station response time and operability testing
success criteria. Therefore, this calculation revision does not impact Station
procedures.

The overall delay times from the prior revisions of this calculation are included in
UFSAR table 6.2-30 and 6.2-31. Therefore, a UFSAR change request has been
initiated to conform these tables to the current analysis of record.

The analyses of record for containment pressure and temperature response to the
design basis LOCA and MSLB events [N-4080-026 and N-4080-027 Refs. 6.9 and
6.8, respectively] use emergency cooling unit and containment spray start times
which conservatively envelope the values generated in this calculation. Therefore,
these P/T calculations are not impacted by this revision.

The analysis of record for the containment P/T response to the design basis MSLB
event for equipment qualification [N-4080-004, Ref. 6.23] used emergency cooling
unit and spray start times which do not envelope the values in this calculation.
Calculation N-4080-004 is scheduled for revision as a dispositior: step of NCRs
93030001, 2, 3, and 4 [Ref. 6.7). The future revision of the MSLB P/T equipment
qualification calculation will include emergency cooling unit and containment spray
start times consistent with the current revision of this start time calculation.

Calculation M-0014-003 [Ref. 6.24] is an early analysis of the fill time for
containment spray piping inside containment. The current piping fill analysis
contained in this revision of the emergency cooling unit and containment spray
system startup delay times supersedes the analysis in Reference 6.24, and that
calculation will be obsoleted.

v
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3.0 ASSUMPTIONS

3.1 Instrument response and ESF signal generation time is assumed to be 1 second.
This value is consistent and conservative with respect to the ESF response times
calculated and used in the Plant Protection System Setpoint Calculation, CE-
NPSD-570-P [Ref. 6.2]. According to sections 4.9 and 4.10 of Reference 6.2, the
total ESFAS response time for either containment high pressure or high-high
pressure is estimated to be 0.551 seconds, which is below the 1 second analysis
response time assumed in this calculation. The 1-second response time also
coincides with the combined "sensor and ESF logic" and "subgroup relay" delay
times identified in General Engineering Procedure S023-XV-6, 'Technical
Specification Response Time Surveillance Implementing Procedure Master List"
[Ref. 6.3]. The 1-second ESF response time used in this calculation and in
Reference 6.2 is split in to the "sensor and ESF logic" and "subgroup relay" delay
times to facilitate response time testing by the Reference 6.3 procedure.

32 Closing times for the electrical power breakers supplying the motors for the
containment spray pumps, the component cooling water pumps and the
emergency cooling unit fans are assumed to be included in the motor acceleration
times identified in Design Input items 4.7, 4.8, and 4.9. The breaker closing time
is normally a very short interval, and a typical value from vendor equipment catalog
data [Ref. 6.4] shows closure times of about 4.5 cycles (0.075 seconds) for the
5Kv breakers used to supply the 4160 volt power to the component cooling water
and containment spray pumps. Since the minimum motor acceleration times used
in this calculation are at least 4 seconds and typically include margin above the
expected acceleration times, the assumption that the motor acceleration times
include a breaker closure time aliowance of the order of 0.1 second is reasonable.

3.3 For the loss of offsite power case, the LOOP is assumed to occur at a finite time
following the LOCA or MSLB such that the diesel start in response to the loss of
voltage signal (LOVS) occurs coincident with the generation of the safety injection
actuation signal (SIAS), a SIAS/LOVS event. Since, as identified in Design Input
4.5, the bounding time for the containment pressure to reach the high pressure
analysis setpoint of 5 psig is taken to be 2 seconds following either the design
basis LOCA or MSLB event and the ESF delay time to generate the SIAS is
assumed to be 1 second (Assumption 3.1, above), the diesel generators will be
starting 3 seconds following the design basis pipe break event.
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3.4 Consistent with vendor specifications for sequencing time delay relay repeatability
of +10% of the Agastat relay setting as provided in Reference 6.25, conservative
sequencing delays of 11 seconds (10+1 sec) and 16.5 seconds (15+1.5 sec) will
be assumed for the containment spray pumps and component cooling water
pumps, respectively. These delay times are conservative with respect to the
acceptance criteria for sequence loading accuracy of +10% of the load block time

interval (+0.5 sec for load groups 2 through 4) as provided in the Reference 6.3
procedure.

3.5 The bounding time for the containment pressure to rise to the high pressure
analysis setpoint of 5 psig following the design basis LOCA or MSLB pipe break
event will be assumed to be 2 seconds. This time delay is based on the
containment pressure response to the design basis steam line break event (MSLB
at 102% power). For this break, the containment pressure has increased by 6.5
psi at 2 seconds following the break [Ref. 6.8]. For the design basis LOCA event,
the containment pressure has increased by 11.7 psi at 2 seconds following the
break [Ref. 6.9].

3.6 The bounding time for the containment pressure to rise to the high-high pressure
analysis setpoint of 20 psig following the design basis LOCA or MSLB pipe break
event will be assumed to be 9 seconds. This time delay is based on the
containment pressure response to the design basis MSLB at 102% power. For
this break, the containment pressure has increased by 20 psi at 8 seconds and
by 21.8 psi at 9 seconds following the break [Ref. 6.8]. For the design basis
LOCA event, the containment pressure has increased by 20 psi at about 4.1
seconds, and by 34 psi at 9 seconds following the break [Ref. 6.9].

3.7 The containment spray piping riser is assumed to be filled with water to within 10
feet of the lower (first) ring header as required by Technical Specification
Surveillance Requirement 4.6.2.1.b.4 [Ref. 6.15]. The water level in the spray riser
piping is established using Station Procedure SO23-3-3.11.2 [Ref. 6.16]

3.8 The containment spray heacers are assumed to fill one at a time from the bottom
ring to the top ring. As each spray ring is being filled, it is further assumed that
the flow rate of water into the ring available to fill the ring is reduced by having
each nozzle in the ring immediately begin leaking water at a flow rate set by an
assumed water pressure in the ring of 5 psi above the containment pressure. This
is a conservative assumption since the nozzles can only begin to leak water after
the water reaches them, and the pressure driving the leakage would only be the
static head at each nozzle location which, on average, would be expected to be
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less than the assurned 5 psi for the ring being filled. As the riser between the
rings is filled, the full spray rings leak water at a flow rate consistent with the 5 psi
assumed for the higher ring being filled plus the static pressure between the ring
being filled and the full ring below. The nozzle spray flow rate as a function of
nozzle pressure drop is defined in Design Input 4.11.

The filling of the spray headers will be assumed to start at the time the spray
pump reaches full speed. The filling flow rate will be assumed to be 1900 gpm.
This value is conservatively chosen to be less than that calculated in Case 7 of
Reference 6.1 (1933 gpm; see Design Input 4.10). This flow rate is representative
of the minimum value during injection mode operation with the RW3T full, the
containment at the design pressure of 60 psig, the spray block valves full open,
but without the full nozzle pressure drcp as would be the case while the headers
are filling. For the case of containment spray actuation with no LOOP, the spray
block valves are only 67% open at the time the spray pump reaches full speed,
and about 4 seconds remain before the block valves are full open (see section
8.2.1). Based on Case 5 of Reference 6.1, the filling flow rate with the valves half
open would be greater than 1650 gpm, or 87% of the valves full open flow rate
(1679 gpm is shown in Ref. 6.1). Using linear interpolation, the filling flow with the
block valves 67% open would be about 91% of the maximum filling flow rate. The
assumption of the maximum filling flow rate from the time the block valves are 67%
open, with the spray pump at full speed, is justified since no credit is taken for the
substantial amount of water which will enter the assumed empty portion of the riser
during the 4 seconds that the pump is accelerating to full speed while the block
valves are moving from about 33% open to 67% open. It is estimated that over
50 gallons of water would enter the assumed empty portion of the spray riser
syster, which is enough to fill about 25 feet of the initial 8" and 8" diameter riser
piping before the calculation assumes any water enters the dry part of the piping
system.

3.10 The spray piping filling time will be calculated for the "A" spray train (header

number 1) since the total length of all 3 ring headers for this train is about 19 feet
longer than that for the "B" train.
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4.1 The analysis setpoint for containment high pressure is 5 psig [Ref. 6.2]. This value
is consistent with the actual containment high pressure setpoint of 3.4 psig
established in Reference 6.2 and incorporated into the Station Technical
Specifications [Ref. 6.15, Unit 2 as an example]. The high pressure setpoint
initiates the safety injection actuation signal (SIAS) and containment cooling
actuation signal (CCAS). The SIAS signal initiates startup of the high and low
pressure safety injection pumps and the containment spray pumps (P-012 and P-
013) through the ESF sequencer. The CCAS signa! will start the emergency
cooling units (E-399, E-400, E-401 and E-402) and cause the component cooling
water block valves to the emergency cooling units to open (2(3)HV-6366 through
2(3)HV-6373).

4 2 The analysis setpoint for containment high-high pressure is 20 psig [Ref 6.2]. This
value is consistent with the actual containment high-high pressure setpoint of 14.0
psig established in Reference 6.2 and incorporated into the Station Technical
Specifications [Ref. 6.15, Unit 2 as an example]. The high-high pressure setpoint
initiates the containment spray actuation signal (CSAS) which causes the
containment spray block vaives, 2(3)HV-9367 and 2(3)HV-9368, to open.

4.3 The diesel generator delay for the LOOP case is 10 seconds [Section 4.8.5.D of
Ref. 6.5). This time interval includes generator start, attainment of rated voltage
and frequency, and breaker closure energizing the 4160 volt ESF bus. This value
is the same as the surveillance test acceptance value of 10 seconds cited in
Section 7.1.16.2.2 of Reference 6.17.

4.4 ‘Tne nominal delays for sequencing the first 4 ESF load groups are [Ref. 6.6):

Group 1 0 seconds
Group 2 5 seconds
Group 3 10 seconds
Group 4 15 seconds

The emergency fan cooler motors are in Group 1 [Ref. 6.6].
The containment spray pump motors are in Group 3 [Ref. 6.6].
The component cooling water pump motors are in Group 4 [Ref. 6.6].

As identified in Assumption 3.4, supported by Reference 6.25, the repeat accuracy
of the load group delay times is +10% of the Agastat time delay relay setting.
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The maximum stroke time for opening the containment spray block valves,
2(3)HV-9367 and 2(3)HV-9368, is 12 seconds [Refs. 6.10 and 6.11)].

The maximum stroke time for opening CCW isolation valves 2(3)HV-6366 through
2(3)HV-6373, which permit cooling water to flow through the containment
emergency cooling units, is 12 seconds [Refs. 6.10 and 6.11].

The maximum time required to accelerate a containment spray pump to full speed,
following closure of the pump power supply breaker is 4 seconds. This value is
slightly more conservative than the maximum acceptable surveillance test value of
3.9 seconds identified in Reference 6.12.

The maximum time required to accelerate a CCW pump to full speed following
closure of the pump power supply breaker is 4.5 seconds [Ref. 6.3]. This value
is conservative with respect to a vendor-supplied acceleration time of 2 seconds
at 75% voltage shown in Reference 6.13.

The maximum time required to accelerate an emergency cooling unit fan motor to
full speed following closure of the fan motor power supply breaker is 10 seconds
[Ref. 6.3]. This value is conservative with respect to a vendor-supplied
acceleration time of 7.8 seconds at 80% voltage shown in Reference 6.14.

4.10 The spray pump flow rate delivered to the containment riser while filling of the

spray ring headers is in progress (prior to establishment of full containment spray
flow at design nozzle pressure drop) will be taken to be 1650 gpm with the spray
isolation valve 2(3)HV-9367 or 2(3)HV-9368 one-half open and 1900 gpm with the
spray block valves full open. These values have been conservatively selected to
be less than the minimum flow rates calculated for cases 5 and 7, respectively, of
Reference 6.1 for a 7.5% degraded spray pump drawing water from a full RWST
and pumping into a 60 psig containment building during the time that the spray
piping is filling, before the full nozzle pressure drop is developed.

The Sprayco 1713A hollow cone bottom ramp spray nozzles have a design flow
rate of 15.2 gpm at a 40 psid nozzle pressure drop [Appendix 2 of Ref. 6.1]. With
turbulent flow conditions, the flow rate will vary 2c the square root of the nozzle
pressure drop.
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50 METHODOLOGY

The start times for the containment sprays and emergency cooling units are
determined by combining in series (and in parallel, if appropriate) the time intervals
for each action which must occur to establish a functioning heat removal system.
The constituents of the total delay times are identified below.

A. Emergency Cooling Unit Operation

1) Time to reach containment high pressure analysis setpoint following the
design basis LOCA or MSLB

2) Sensor and instrumentatior delays to generate the containment cooling
actuation signal (CCAS)

3) Assuming LOOP, time to start the diesel generator, reach design voltage
and freguency, and energize the 4160 voit ESF bus (with no .OOP, the
diesel generator delay is not applicable)

4) Time to open the component cooling water (CCW) block valves to the
emergency cooling units

5) Time for the emergency cooling unit fan motors, which are in the 1st ESF
load group, to be energized and accelerate to full speed

6) Also, assuming LOOP, ESF sequencing delay in restarting the CCW pumps
which start in the 4th load group (with no LOOP, CCW pumps remain
running and this delay does not apply)

7) Time to accelerate the CCW pumps to full speed, restoring CCW flow,
assuming a LOOP had occurred (not applicable for a no LOOP case)
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B. Containment Spray System Operation

1) Time to reach containment high pressure analysis setpoint following the
design basis LOCA or MSLB

2) Sensor and instrumentation delays to generate the safety injection actuation
signal (SIAS) which initiates automatic sequencing of ESF equipment and
starts the containment spray pump in the 3rd load group (with LGOP,
sequencing is delayed until the ESF bus is energized by the emergency
diesel generator)

3) Assuming LOOP, time to start the diesel generator, reach design voltage
and frequency, and energize the 4160 ESF bus (with no LOOP, the liesel
generator delay is not applicable)

4) Time for the spray pump motors to be energized and acceierate to full
speed

5) Time to reach containment high-high-pressure analysis setpoint foliowing
design basis LOCA or MSLB

6) Sensor and instrumentation delays to generate ti.2 containment spray
actuation signal (CSAS) which initiates opening of the containment spray
isclation valves and allow spray water to begin filling the spray piping in
containment

7) Time to open the containment spray isolation valves

8) Time to fill the spray rings and establish full containment spray flow
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7.0 NOMENCLATURE

7.1 Mathematical Symbols

A pipe flow area (ft?)

L pipe length (feet)

Q volumetric flow rate (gal/min)
q, individual spray nozzle flow rate (gal/min-nozzle)
t time (seconds)

Y piping volume (ft%)

7.2  Abbreviations & Acronyms

CCAS Containment Cooling Actuation Signal
CCW Component Cooling Water

COPATTA Containment Pressure and Temperature Transient Analysis computer
program

CS Containment Spray

CSAS Containment Spray Actuation Signal
CSP Containment Spray Pump

DB  Design Basis

DBA Design Basis Accident

ECU Emergency Cooling Unit (in containment)

EDG Emergency Diesel Generator
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ESF Engineered Safety Feature

gpm gallons per minute (flow rate)
LOCA Loss Of Coolant Accident

LOOP Loss of Offsite Power

LOVS Loss Of Voltage Signal

MSLB Main Steam Line Break

NCR Non-Conformance Report

psid pounds per square inch differential
RWST Refueling Water Storage Tank
SIAS Safety Injection Actuation Signal

UFSAR Updated Final Safety Analysis Report

ESFAS Engineered Safety Feature Actuation System
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8.0 CALCULATIONS

8.1 Emergency Cooling Units

The timing of the automatic startup of the emergency cooling units following a
design basis LOCA or MSLB, with and without loss of offsite power, is developed
in the following two sub-sections. The total delay time is developed using a
chronology of events approach. Timelines describing the sequence of events for
emergency cooling unit startup, with and without loss of offsite power, are
provided in Figure 1. The delay times associated with each component of the
overall delay time, which are provided in the chronologies below, have been
included on the timelines in parentheses.

8.1.1 ECU Actuation With No Loss of Offsite Power (see Figure 1.A)
(A) DB LOCA or MSLB occurs zero seconds
(B) Containment pressure reaches the analysis 2 seconds (Assump. 3.5)

setpoint for containment high
pressure (5 psig, Des. Input 4.1)

(C) SIAS generated 1 second after reaching
Sequencing of ESF equipment begins hi pressure setpoint
(CCW pumps already running) (Assump. 3.1)
CCAS generated

CCW block valves to ECUs begin to open
Emergency cooling unit fan motors start
(ECUs are in the first ESF load
group per Design Input 4.4)

(D) Emergency cooling unit motor and fan at 10 seconds after ESF start
rated speed signal (Des. Input 4.9
and Assump. 3.2)
(E) CCW isolation valves to ECUs are fully 12 seconds from time
open valves begin to open

(Des. Input 4.6)
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Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to reach
full speed =A+B+C+D
=0+2+ 1+ 10 = 13 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
at full speed with CCW block valves full open

=A+B+C+E

=0+2+1+ 12 = 15 seconds

The limiting action for establishing emergency cooling unit full operability with no
loss of offsite power, following a design basis LOCA or MSLB, is opening the CCW
valves which provide cooling water flow through the ECUs. Although the CCW
block valves will be about 83% open at the time the emergency cooling unit fans
reach full speed, and should be capable of passing essentially full cooling water
flow, full EF cooler operability will conservatively assurned to be available only after
the block valves are full open at 15 seconds post accident.

8.1.2 ECU Actuation With Loss of Offsite Power (see Figure 1.B)
(A) DB LOCA or MSLB occurs zero seconds
(B) Containment pressure reaches the analysis 2 seconds (Assump. 3.5)

setpoint for containment high
pressure (5 psig, Des. Input 4.1)

(C) SIAS generated 1 second after reaching
CCAS generated hi pressure setpoint
LOVS is present and EDG starts due to LOOP  (Assump. 3.1)
(D) EDG @ full speed and frequency and 10 seconds after EDG
ESF bus energized start (Des. Input 4.3)

Sequencing of ESF equipment begins

CCW block valves to ECUs begin to open

ECU fan cooler motors start (ECUs are in
first ESF load group per Design Input 4.4)

(E) ECU motor and fan at rated speed 10 seconds after ESF start
signal (Des. Input 4.9
and Assump 3.2)
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(F)  CCW isolation valves to ECUs are fully open 12 seconds from time
valves begin to open
(Des. Input 4.6)

(G) CCW pump motor starts (CCW pump 16.5 seconds after start
motors are in the fourth ESF load of ESF sequencing
group per Des. Input 4.4) (Assumps. 3.2 and 3.4)
(H) CCW pump at full speed 4.5 seconds after ESF start
signal (Des. Input 4.8)

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to reach
full speed =A+B+C+D+E
=0+2+ 1+ 10 + 10 = 23 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
at full speed with CCW block valves full open

=A+B+C+D+F

=042+ 1+ 10 + 12 = 25 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
a full speed, CCW block valves fully open and restarted CCW pump
=A+B+C+D+G+H
=0+2+ 1+ 10 + 165 + 4.5 = 34 seconds

The limiting action for establishing emergency cooling unit full operability with loss
of offsite power and the loss of voltage signal simultaneous with the safety injection
actuation signal (SIAS/LOVS event), following a design basis LOCA or MSLB, is
restarting the CCW pumps through the ESF sequencing time delay relays. The
total delay time for emergency cooling unit operability in this case is 34 seconds.
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82 Containment Spra tem

The timing of the automatic startup of the containment spray system following a
design basis LOCA or MSLB, with and without loss of offsite power, is developed
in @ manner similar to that used for the emergency air coolers. The time to fill the
empty spray piping and ring headers inside containment is calculated separately
in sub-section 8.2.3. Timelines describing the sequence of events for containment
spray startup, with and without loss of power, are provided in Figure 2. The delay
times associated with each component of the overall delay time, which are
provided in the chronologies below, have been included on the timelines in

parentheses.

821

(A) DB LOCA or MSLB occurs

(B) Containment pressure reaches the analysis

setpoint for containment high pressure
(5 psig, Des. Input 4.1)

(C)  SIAS generated
Sequencing of ESF equipment initiated

(D) Containment pressure reaches the analysis

setpoint for containment high-high
pressure (20 psig, Des Input 4.2)

(E)  CSAS generated
Containment spray block valves begin

to open

(F)  Containment spray pump motor starts
(Spray pump motors are in the third
ESF load group per Des. Input 4.4)

(G) Containment spray pump at full speed
Spray block valves are about 67% open
(8 seconds of the 12 second valve
stroke time have elapsed)

CS Actuation With No Loss of Offsite Power (see Figure 2.A)

zero seconds

2 seconds (Assump. 3.5)

1 second after reaching
hi pressure setpoint
(Assump. 3.1)

9 seconds (Assump. 3.6)

1 second after reaching
hi-hi pressure setpoint
(Assump. 3.1)

11 seconds after start of
ESF sequencing
(Assumps. 3.2 and 3.4)

4 seconds after ESF start
signal (Des. Input 4.7)
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(H)  Containment spray block valves full open 12 seconds after CSAS

generated (Des. Input
4.5)

(1 Spray piping and ring headers filled and 31.1 seconds after CSP at
full containment spray flow established full speed (see 8.2.3)
from the spray system

Elapsed time following DB LOCA or MSLB for containment spray pumps to reach
full speed =A+B+C+F+G
=0+2+1+ 11 + 4 = 18 seconds

Elapsed time following DB LOCA or MSLB for containment spray block valves to
be full open =D+ E+H

=9+ 1+ 12 = 22 seconds

Elapsed time following DB LOCA or MSLB for containment spray system to be fully
functional assuming full header filling flow rate credited at time CSP reaches
full speed (Assump 39) =A+B+C+F+G+1
=0+2+1+11+4+ 31.1 =491 seconds
= 49 seconds, rounded

8.22 CS Actuation With Loss of Offsite Power (see Figure 2.B)
(A) DB LOCA or MSLB occurs zero seconds

(B) Containment pressure reaches the analysis 2 seconds (Assump. 3.5)
setpoint for containment high
pressure (5 psig, Des. Input 4.1)

(C) SIAS generated 1 second after reaching
LOVS is present and EDG starts due to LOOP  hi pressure setpoint
(Assump. 3.1)

(D)  Containment pressure reaches the analysis 9 seconds (Assump. 3.6)
setpoint for containment high-high
pressure (20 psig, Des. Input 4.2)
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(E) CSAS generated

(F) EDG at full speed and frequency and
ESF bus energized
Sequencing of ESF equipment begins
Containment spray block valves begin
to open with CSAS already present
(G) Containment spray pump motor starts
(Spray pump motors are in the third
ESF load group per Des. Input 4.4)

(H)  Containment spray block valves full open

() Containment spray pump at full speed

(J) Spray piping and ring headers filled and
full containment spray flow established
from the spray train

be full open =A+B+C+F+H

full speed =A+B+C+F+G+1I

speed (with all valves wide open at that time)

= 59 seconds, rounded

=A+B+C+F+G+1+J
=0+2+1+10+ 11 4+ 4 + 31.1 = 59.1 seconds

1 second after reaching
hi-hi pressure setpoint
(Assump. 3.1)

10 seconds after EDG
start (Des. Input 4.3)

11 seconds after start of
ESF sequencing
(Assumps. 3.2 and 3.4)

12 seconds after ESF bus
is loaded with CSAS
present (Des. input 4.5)

4 seconds after ESF start
signal (Des. Input 4.7)

31.1 seconds after CSP at
full speed (see 8.2.3)

Elapsed time following DB LOCA or MSLB for containment spray block valves to
=0+4+2+ 1+ 10 + 12 = 25 seconds

Elapsed time following DB LOCA or MSLB for containment spray pump to be at
=0+2+1+10+ 11 + 4 = 28 seconds

Elapsed time following DB LOCA or MSLB for containment spray system to be fully
functional assuming full header filling flow rate credited at time CSP reaches full
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CS ACTUATION WITH NO LOSS OF OFFSITE POWER

CS ACTUATION WITK LOSS
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A (§2) D(1)E (12) H CS valves

) o full open

! / \ | @22 sec

DB LOCA Containment CSAS '
or MSLB pressure @ generated; i
occurs hi-hi anal €S bik vives !

@ time 0 setpoint begin to open :

- 39 sec @ 10 sec b

- e - . -

A (2)/: M c an /( ) c\ G
Containment SIAS gen; CS pump CS pump @ full speed;
pres reaches ESF seq motor CS blk vives @ 67X open;
hi analysis begins starts spray piping begins
setpt @ 2 sec @ 3 sec 2814 sec to fill @ 18 sec

%

Full containment
spray establ ished
8 49.1 sec

(49 sec, rounded)

to open @ 13 sec

Full containment
spray established

(59 sec, rounded)

A (9 D (1) E_.-CSAS
T - 1 generated
! | @10 sec
D8 LOCA Cont'm't 1 (12 H _o-CS valves
or MSLB pres a \ il | full open
occurs hi-hi anal | I 225 sec
@ time 0 setpoint 1 |
: a9 sec - :
et Y i "
A (z)/a M c (10) f\ an c\m 1\ (31.1) /J
Containment SIAS gen; EDG @ full speed cs p}m CS pump @
pres reaches LOVS present & frequency; motor full speed;
hi analysis & EDG starts ESF bus energized; starts spray pipng @ 59.1 sec
setpt @ 2 sec @ 3 sec ESF seq begins; @ 24sec begins to fill
CS blk vives begin @ 28 sec
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8.2.3 Spray Piping/Header Filling

Filling of the spray riser piping and ring headers in containment is modeled as
occurring in 8 discrete steps. The separate times calculated for each step are
individually combined in series although a number of the steps will actually occur
in parallel. The resultant fill time is, therefore, conservative. With reference to
Figure 3 on page 30, the 8 steps are:

1) Filling the 8" riser from 10 feet below the first ring header up to the
elevation of the first ring header (length AB)

2) Filling the horizontal 6" riser at the elevation of the first ring header
(length BC)

3) Filling the first ring header (4" piping), from points B and C to the
capped ends of the ring header

4) Filling the 6" riser from the first to the second ring headers (length
CD)

5) Filling the horizontal 6" riser at the elevation of the second ring
header (length DE)

6) Filling the second ring header (4" piping) from points D and E to the
capped ends of the ring header

7) Filling the 4" riser between the second and third ring headers (length
EF)

8) Filling the third ring header (2 1/2" piping) from point F to the
capped ends of the ring header

The A-train spray piping will be used as a basis for the fill time calculation per
Assumption 3.9. The A-train piping to be filled consists of the following specific

lines:
10 feet of 047-8"-C-KEO 049-4"-C-KEO
047-6"-C-KEQO 050-4"-C-KEO
047-4"-C-KEO 051-4"-C-KEO

048-4"-C-KEO 052-2 1/2"-C-KEO
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The spray piping is all class KEO per P&ID 40114B [Ref. 6.20]. The schedule [Ref.
6.21], inside diameter and cross-sectional flow area [Ref. 6.22] of each of the 4
pipe sizes being filled are tabulated below.

8"  Schedule 20 8.125'ID  0.3601 ft* area

6"  Schedule 10S 6.357"ID  0.2204 f#t* area

4"  Schedule 10S 4260"ID  0.09899 ft* area

2 1/2" Schedule 40S 2469'ID  0.03325 ft* area

The time to fill each of the 8 piping sections identified on the previous page, and
shown in Figure 3, is caiculated as follows:

1) The 10-foot length of empty riser below the 1st spray ring header (length
AB):

Length, L, = 10 feet [Assumption 3.7]
Volume, V, = L, x A, = 10 x 0.3601 x 7.48 gal/ft’ = 26.9 gallons
Filling flow rate, Q, = 1900 gpm [Des. Input 4.10)

Fill time, t, = V,/Q, = (26.9/1900) x 60 sec/min = 0.85 seconds

2) The 6" horizontal pipe connecting the lower 8" riser to the 6" riser between
the 1st and 2nd ring headers (length BC):

Length, L, = 17 feet [Ref. 6.19.a]

Volume, V, = L, x A, = 17 x 0.2204 x 7.48 gal/ft® = 28.0 gallons
Filing flow rate, Q, = 1900 gpm [Des. Input 4.10]

Fill time, t, = V,/Q, = (28.0/1900) x 60 sec/min = 0.88 sec

3) The first ring header, 4" lines 048 and 049, points B and C to the capped
ends of the ring header:

Ring header radius = 66’ - 6" [Ref. 6.19.a)
Circumference (maximum for a complete circle) = 2 x 7 x 66.5 = 418 feet
Ring header length, L, (less length BC) = 418 - 17 = 401 feet




NES&L DEPARTMENT

ICCN NO./
CALCULATION SHEET g Y as o
Project o DCP/MMP_ _N/A Calc. No.__N-4080-003 CCN CONVERSION:
CCN NO. CCN --
Subject Containment Spray (CS) & Emergency Cooling Unit (ECU) Actuation Times Sheet No. __32

l REV ORIGINATOR IRE

| 5. | PaulBarbour [ 12/23/93 | Allen Evinay | 12/23/93 | /°

/ \
P
# .\_
MR LR AP S b . oAby vt o

Volume, V; = Ly x A, = 401 x 0.09899 x 7.48 gal/ft’ = 296.9 gallons

ORIGINATOR

While filling the 1st ring header, the filing flow rate (1900 gpmu) will be
reduced by an assumed leakage flow from each of the 56 nozzles in the
1st header with the leakage flow rate based on a 5 psig head [Assumption
3.8].

Based on Design Input 4.11, the expected flow per nozzle with a 5 psig
pressure drop is

q, = 15.2 (5/40)°° = 5.37 gpm per nozzle
total nozzle leakage = 56 x 5.37 = 301 gpm
Net filling flow rate, Q, = 1900 - 301 = 1599 gpm
Fill time, t, = V,/Q, = (296.9/1599) x 60 sec/min = 11.14 seconds
4) The 6" riser from the 1st ring header to the 2nd ring header (length CD):
Length, L, = 44 feet [Refs. 6.19.a and 6.19.b]
Volume, V, = L, x A, = 44 x 0.2204 x 7.48 gal/it’ = 72.5 gallons

While filling the 6" riser, the static head on the first ring header increases by
the elevation gain from the 1st ring header to the 2nd ring header. The
elevation of the 1st ring is 143'-3 11/16" [Ref. 6.19.a) and the elevation of
the 2nd ring is 171'-7 5/16" [Ref. 6.19.b]. The elevation difference is
28'-3 5/8", or 28.3 feet. At ambient temperature, the conversion factor for
feet of water to psi is 0.433. Thus, the elevation gain will increase the
pressure on the 1st ring header by 28.3 x 0.433 = 12.3 psi. The effective
pressure acting to drive leakage out through the nozzles in the first ring
header while the 6" riser is being filled is conservatively taken to be the 5
psig applicable during the filling of the ring plus the 12.3 psig due to the
elevation difference between the 1st and 2nd rings, or a total of 17.3 psig
[Assumption 3.8].
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Based on Design Input 4.11, the expected flow per nozzle with a 17.3 psig
pressure drop is

g, = 15.2 (17.3/40)°® = 10.0 gpm per nozzle

total 1st ring nozzle leakage = 56 x 10.0 = 560 gpm
Net filling flow rate, Q, = 1900 - 560 = 1340 gpm
Fill time, t, = V,/Q, = (72.5/1340) x 60 sec/min = 3.25 sec

5) The 6" horizontal pipe connecting the riser feeding the 2nd ring header with
the 4" riser that feeds the 3rd ring header (length DE):

Length, Lg = 15 feet [Ref. 6.19.b]

Volume, V; = Ly x A, = 15 x 0.2204 x 7.48 gal/ft’® = 24.7 gallons
Filling rate, Q; = 1340 gpm (same as Q,)

Fill time, t; = V,/Q, = (24.7/1340) x 60 sec/min = 1.11 sec

6) The second ring header, 4" lines 050 and 051, points D and E to the
capped ends of the ring header:

Ring header radius = 43'-0" [Ref. 6.19.e]
Circumference (maximum for a complete circle) = 2 x # x 43.0 = 270 feet
Ring header length, L, (less length DE) = 270 - 15 = 255 feet

Volume, V, = L x Ag = 255 x 0.09899 x 7.48 gal/ft’ = 188.8 gallons
While filling the 2nd ring header, the maximum filling flow rate (1900 gpm)
will be reduced by leakage out of the 40 nozzles in the 2nd ring header at
a pressure drop of 5 psig plus leakage out of the nozzles in the 1st ring
header at a pressure drop of 5 psig plus the static head of water between
the two ring headers [Assumption 3.8].

Net filling rate, Q, = Q; - (40 x 5.37) = 1340 - 215 = 1125 gpm

Fill time, t, = V,/Q, = (188.8/1125) x 60 sec/min = 10.07 sec
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7) The 4" riser from the 2nd ring header to the 3rd ring header (length EF):
Length, L, = 25 feet [Ref. 6.19.b]
Volume, V, = L, x A, = 25 x 0.09899 x 7.48 gal/ft’ = 18.5 gallons
While filling the riser, the pressure on the 1st and 2nd ring header nozzles
will be increased by the static head equivalent to the elevation difference
between the 2nd and the 3rd ring headers. Per References 6.19.e and
6.19.g, the elevation of the 3rd ring header is 180’-11 3/16" and that of the
2nd ring header is 171’-7 5/16". The elevation difference is 9'-3 7/8", or 9.33
feet. At 0.433 psi/ft, the static head is worth 4.0 psi pressure. Thus, the
nozzles in the first ring header will see 5 psig plus 12.3 psig plus 4.0 psig,
or 21.3 psig and the nozzles in the 2nd ring header will see 5 psig plus 4
psig, or 9 psig.

Based on Design Input 4.11, the expected flow per nozzle with a 21.3 psig
pressure drop is

q, = 15.2 (21.3/40)°° = 11.1 gpm per nozzle

1st ring header leakage = 56 x 11.1 = 622 gpm
and the flow per nozzle with a 9 psig pressure drop is

q, = 15.2 (9/40)°° = 7.21 gpm per nozzle

2nd ring header leakage = 40 x 7.21 = 288 gpm
Net filling flow rate, Q, = 1900 - 622 - 288 = 990 gpm

Fill time, t, = V,/Q, = (18.5/990) x 60 sec/min = 1.12 sec
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8) The third ring header, 2 1/2" line 052, from point F in two half-circles to the
capped ends of the ring header:

Ring header radius = 25'-6" [Ref. 6.19.g]
Ring headaer length, L, = circumference = 2 x 7 x 25.5 = 160 feet

Volume, Vg = Lg x Ag = 160 x 0.03325 x 7.48 gal/ft’ = 39.8 gallons

While filling the 3rd ring header, the net flow rate will be the value used to
fill the riser EF less leakage fiow from the 20 nozzles in the top ring header
leaking at a pressure drop of 5 psig, as used for the filling of the other two
ring headers.

Net filling rate, Q; = Q, - (20 x 5.37) = 990 - 107 = 883 gpm

Fill time, t, = Vg/Q, = (39.8/883) x 60 sec/min = 2.70 sec

The total time to fill the spray piping from the time flow is assumed to begin is the
sum of t, through t,. Thus,

tepr harsn = 0.85 + 0.88 + 11.14 + 325 + 1.11 + 10.07 + 1.12 + 2.70

toor nar = 31.12 sec, or 31.1 seconds, rounded

<m>
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, Table 7—Operaling Vollage Range : Table 8- Current Values — Voltage shown in Table 7.4
Under Yoltage s Soring

:o-hd cloﬂn Close Trip o o Cha: Cé:'a ;'b Lockout Under NEC

ontre! harging » Ving oll Coli v Fuse

Venage e Coil colt L Orop-Out Motor e

tuVOC - - 14- 30 2 . —_— 22.0 09 30

"1 48VDC 1 3 80 5. 80 8- 80 “ 15 29 1200 10.7 10?7 0.1 05 30
128VOC  90-130~ 90130 70-140 106 38 75— . 100 80— 80— 00—  —03 7]
_ESOVOC 180-260 180-280 140-280 N2 78-180 S0 22 22 0.03 01 £
118 VAC 95-128 95128 1 98128 " 35- 96 10.0 45 45 004 02 20
WOV AC  190-250 190-250  1190-280 198 89-140 80 23 23 920 Q1 30
NOTES
* Uniess ihe circull Dreaker |8 located close to the batlary and protec- § Current values are aversge steady stale valves—momaentary Inrush
live rslay and adequite $/ectncal Conneclions are provided Detween currenis for all charging motors and AC colls are approsimately 6-4
the Datlery and trip coil, 24 volt DC tripping is Not recommended times these valuss, sn imporant considerstion when siting the

1 MVOC spring charging s not recommended. battery, )

1 AC trioping 18 not recommaended (see pags 39) 3 48 voit tripping or closing f are not . exceot
when the device s 0cated near the Datlery or whare special sifor
made to nsure the quacy of ductors tattery ang
control termingis.

Table 9—HK Breaker Time Characteristics Table 10—Current Transiormers MC-§, MC-15A1
Av. Spring  Interrupting Time Relay!
Breaker  Av. Closing  Av. Tripping  Charging  0-100% of Rsting Ratio” Accuracy Metering Accuracy!
= 5 KK 45 Cycles PO 802 803 LA 82
754 18 Cycles 2 Seconds $ Cycles 78/8 cin 12 12 -— - -
1Mk $Cycies 10078 10 08 12 - - -
15 MK 1 'Y< > onds 8 Cycles 150/8 c20 03 o8 12 -~ -_—
000 yelos 20 Cycies 2 Sec ye! 200/8 c20 03 o8 '3 e -
Ciosing Time-—Beiween anergiting closing coill and making of arcing 300/8 Cso 03 03 03 12 4
. contcts 400/% o80 03 03 03 08 12
Tripping Time—Between energiting of trip coil and parting of arcing 800/8 Cmno 03 03 03 03 oe
contacts 800/3% Cc 03 03 03 03 03
Interrugting Time-—Between energizing 11p coll and compiste nterruption 1200/8 Ca 03 03 03 03 03
1500/% c200 03 03 03 03 63
2000/5 C200 03 03 03 el el
2500/% C200 03 .3 03 03 03
Tabie 11—Space Meaters for Outdoor Equipment® 2000/§ C200 03 03 03 03 23
No. al Neaters Tolal Watts 4000/ 3 C200 03 03 0.3 03 03
Type Unit Par Frame Por Frame * Fromt d Current T ormary are ony up to 2000/5A
§ MK F] 300 ! For higher accuracies refer 1o nearest district sales office
75418 MK 3 450
 Space hesters on indoor 4 an *l
Table 12 swnderd Singie Table 13 suncare
Phase Control Potentiatl
Power Transtormaers Translormers
Yoltage Rating
KVA v ) 2400/ 4180y—120
L] 2400—240/120 2400—120
4180.~240/120 4200—12¢
0 4800240/ 120 4800120
7200--240/ 120 7200120
Al ] B8400—240/120 8400120
13200240/ 120 12000120
8 13800-—240/120 14400— 120
43
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APPENDIX B
OPERATING CHARACTERISTICS
Environmental Conditions. (Qualitied Lite)

PARAMETER MiN NORMAL MAX.
Temperature (°F) 40 70-104 158
Humdity (R.H. %) 10 40-60 95
Prassure - Atmospheric —
Radiation (rads) - - 2.0 X 10* (Gamma)
Operating Conditions. (Normal Environment)

NORMAL OPERATING SPECIFICATIONS WITH DC COILS WITH AC COILS
Cail Operating Voltage, Nominal (Rated) As Spec As Spec

Puli-in (% of rated value) 80% Min. 85% Min.
Drop-out (% of rated value) 10% Approx 50% Approx.
Power (Watts at rated value) 8 Approx. 8 Approx.
Relay Operate Time
€7012 N/A N/A
Model E7022 50 ms Max 50 ms Max
Relay Reiease giocydo) Time
| E701 50 ms Max. 50 ms Max.
Model E7022 N/A N/A
Contact Ratings, Continuous
(Resistive at 125 vdc) 1.0 amp 10anp
(Resistive at 120 vac, 60 Hz) 10.0 amp 10.0 amp
Insulation Resistance (In megohms at 500 vdc) 500 Min 500 Min.
Dielectric (vrms, 80 M2)
Between Terminals and Ground 1,500 1,500
Between Non-connected Terminals 1,000 1,600
s o Rm‘. Amm L = 10% 2 10%
Operating Conditions. (Abnormal Environment)
ADVERSE OPERATING NORMAL DBE A" DBE 8" 0BE "¢ DeE "D
SPECIFICATIONS
Temperature (°F) 70-104 40 120 145 156
Humidity (R.H. %) 40-860 10-95 10-95 10-95 10-95
Coil Operating Voltage
* (% of Rated)
Model E7012 (AC) 85-110 85-110 85110 85110 85110
0C) 80-110 80-110 80-110 90-110 90-110
Mode! E7022 (AC) 85-110 85-110 85-110 85-110 85-110
(DC) 80-110 80-110 80-110 80-110 80-110
* All coils may be operated on intermittent duty cycles at voltages 10% above listed
maximums (Intermitient Duty ~ Maximum 50% outy cycie and 30 minutes "ON" time )
«& Repeat accuracy at any fixed temperature is
= 10% of setting,
"l INDUSTRIAL sucmcu]
L M PRODUCTS
AMERACE CORPORATION
INDUSTRIAL ELECTRICAL PRODUCTS
530 W. MT. PLEASANT AVENUE
Dy oM P—— LIVINGSTON, NJ 07039-1790
November 1969 (201) 992-8400
Supersedes 6/82 TELEX 13-8403 « FAX (201) 992-9416
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1.0 PURPOSE

The purpose of this calculation is to determine a conservative time interval between
the occurrence of the design basis loss of coolant accident (LOCA) or main steam
line break (MSLB) in containment and the time at which a single train of the
containment spray (CS) system or a post accident emergency cooling unit (ECU)
is fully functional for containment heat removal. The containment spray and
emergency cooling unit delay times are determined with and without a loss of off-
site power (LOOP).

This revision of the calculation specifically includes engineered safety features
(ESF) analysis set points of 5 psig for safety injection and containment emergency
cooling unit actuation and 20 psig for containment spray system actuation. This
revision also specifically calculates a spray piping fill time consistent with the
performance of a 7.5% degraded containment spray pump identified in calculation
M-0014-009 [Ref. 6.1].

This revision of the calculation also incorporates an increase in the Agastat
sequencing time delay relay repeatability from the vendor specification of +10% of
the relay setting to 2.5 seconds for sequencing the containment spray (CS)

pumps and the component cooling water (CCW) pumps. The revision also
includes shorter CS pump and CCW pump acceleration times of 1.9 and 2.5
seconds, respectively, as requested by Reference 6.26.

The ‘sults of this calculation are included in UFSAR Chapter 6, tables 6.2-30 and
6.2-31, which present design basis delay times for containment heat removal
system operation following a design basis LOCA or MSLB in containment. For
conservatism, the delay times developed in this calculation are based on the
containment pressure response to the design basis MSLB (main steam line break
at 102% reactor power) since this accident provides a slower rate of containment
pressure rise than does the design basis LOCA.

The delay times determined in this calculation provide a basis for modeling the
start of containment neat removal systems in analyses to determine the
containment pressure and temperature response to the design basis LOCA and
MSLB events. These delay times are applicable only to large break events with
containment pressure ramps that reach the containment high and high-high
pressure analysis setpoints within the times used in this calculation. In-
containment high energy line break events which provide slower rates of
containment pressurization should be individually evaluated for the timing of heat




NES&L DEPARTMENT
CALCULATION SHEET

ICCN NO./

PRELIM. CCN NO A/ -/

PAGE_é_OF_g_O

e

Project or DCP/MMP___ N/A Calz. No.__N-4080-003 CON CONVERSION
CONNO.CCN ~
Subject ainm rgen ing Unit Actuation Times Sheet No. A
st ae e B St S TS
[REV ORIGINATOR DATE IRE DATE REV | ORIGINATOR | DATE IRE DATE | R
Lr Paul Barbour | 08/28/95 | Allen Evinay | 08/28/95 | s

v

T

removal system operation using the methodology of this calculation, but based on a
calculated break-specific time to reach the high and high-high containment pressure

analysis setpoints.

This calculation revision is required to support closure of disposition step 2 of NCRs
93030001, 2, 3, arid 4 [Ret. 6.7) by providing minimum CS and ECU start time data for
use in revising the design basis LOCA and MSLB analyses of record.
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2.1

RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

Results

The results of this calculation show that, following a design basis loss of coolant
accident (DB LOCA) or a design basis main steam line break (DB MSLB), the
containment emergency cooling units and containment spray system will be fully
functional after the time intervals identified below. Delay times reflecting loss of
offsite power (LOOP) and no loss of offsite power (no LOOP) are provided. For
the LOOP case, the loss of power is assumed to occur at a point in time following
the LOCA or MSLB such that the loss of voltage signal (LOVS) which starts the
emergency diesel generator, occurs coincident with the generation of the safety
injection actuation signal (SIAS) occurring on containment high pressure
(SIAS/LOVS event). The values in brackets {} are the values of record from the
previous revisions of this calculation used to support the original licensing of
SONGS Units 2 and 3.

SUMMARY OF RESULTS
mergen oolin nit an ontainment ray Actuation Times

No Loss of Power With Loss of Power

Emergency Cooling Unit
Delay Time (seconds) 24 {13} 34 {33}

Containment Spray
Delay Time (seconds) 49 {466} 59 {55}

These delay times are specifically applicabie to the DB LOCA (double-ended RCS
suction leg slot break) or DB MSLB (steam line break at 102% power).
Containment high energy line break events which provide slower rates of
containment pressurization than the DBA events cited should be individually
evaluated for the timing of heat removal system operation using the methodology
of this calculation, but based on break-specific times to reach the high and high-
high containment pressure setpoints.

Timelines describing the sequence of events and individual delay times associated
with each component of the overall actuation time are provided in Section 8
(Calculations) as Figures 1 and 2 on pages 24 and 28 for the emergency cooling
units and the containment spray, respectively.
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The 11-second increase in the delay time for emergency cooling unit operation
with no LOOP reflects current station operating practice of normally operating only
a single CCW pump train rather than always running both train pumps with only
one train performing a cooling function. In this case, a loss of voltage signal
(LOVS) on the operating CCW pump train without a loss of offsite power (LOOP),
or-some other operating CCW train-related malfunction, will force a delay in the
availability of the alternate CCW train. In this event, ESF sequencing which initiates
on SIAS would start the available non-operating CCW train in the 4™ load group,
15 £2.5 seconds after initiating ESF sequencing. In addition, prior ECU startup
analyses credited full functional capability at the time the CCW block valves were
10 seconds into their 12-second full open stroke time when the valves were 83%
open. However, now that ECU availability is delayed until the idile CCW train is
operational (with or without LOOP), the the CCW block valves to the ECUs are fully
open 9 seconds prior to the CCW pump reaching full speed.

The change in analysis setpoint for containment high pressure from 4 psig to the
currently used 5 psig [Ref. 6.2] had no effect on the delay time calculation. The
2 seconds previously allowed for the containment pressure to reach the high
pressure setpoint envelopes the higher setpoint.

The 1-second increase in the delay time for emergency cooling unit operation with
LOOP results from the net effect of increasing the tolerance on the sequencing
time delay relays for component cooling water pump start combined with a
reduction in the CCW pump acceleration time used in the current analysis.

The change in containment spray system flow rate to allow for up to 7.5% spray
pump degradation [Ref. 6.1] increased the spray piping/header fill time by about
3.5 seconds which is the major contributor to the changes in spray start time.
Minor changes in other components of the overall delay time for the spray system
actuation, including a +2.5 second uncertainty in the repeatability of sequencing
the containment spray pump and a compensating reduction in the spray pump
motor acceleration time, also contributed small differences to the results.
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onclusions & Recommendations

The overall delay times employ constituent response times which are consistent
Or conservative with respect to Station response time and operability testing
success criteria. Therefore, this calculation revision does not impact Station
procedures.

The overall and constituent delay times from the prior revisions of this calculation
are included in UFSAR table 6.2-30 and 6.2-31. Therefore, a UFSAR change

request has been initiated to conform these tables to the current anaiysis of
record.

The analyses of record for containment pressure and temperature response to the
design basis LOCA and MSLB events used to support containment functional
design and equipment qualification are N-4080-026 (Supplement A, LOCA) and
N-4080-027 (Supplements A and B, MSLB) [Refs. 6.9 and 6.8, respectively]. These
calculations use emergency cooling unit and containment spray start times which
conservatively envelope the values generated in this calculation. Therefore, these
P/T calculations are not impacted by this revision.

The original analysis of record for the containment P/T response to the aesign
basis MSLB event for equipment qualification [N-4080-004, Ref. 6.23] used
emergency cooling unit and spray start times which do not envelope the values
In this calculation. Calculation N-4080-004 has been revised by CCN to identify
Supplement A to N-4080-027 [Ref. 6.8] as the current analysis of record for
containment P/T response to the design basis MSLB for equipment qualification.

Calculation M-0014-003 [Ref. 6.24] is an early analysis of the fill time for
containment spray piping inside containment. The current piping fill analysis
contained in this revision of the emergency cooling unit and containment spray
system startup delay times supersedes the analysis in Reference 6.24, and that
calculation will be obsoleted.

A

N
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3.0 ASSUMPTIONS

3.1 Instrument response and ESF signal generation time is assumed to be 1 second.
This value is consistent and conservative with respect to the ESF response times
Calculated and used in the Plant Protection System Setpoint Calculation, CE-
NPSD-570-P [Ref. 6.2]). According to sections 4.9 and 4.10 of Reference 6.2, the
total ESFAS response time for either containment high pressure or high-high
pressure is estimated to be 0.551 seconds, which is below the 1 second analysis
response time assumed in this calculation. The 1-second response time also
coincides with the combined “sensor and ESF logic" and "subgroup relay" delay
times identified in General Engineering Procedure S023-XV-6, "Technical
Specification Response Time Surveillance Implementing Procedure Master List"
[Ref. 6.3]. The 1-second ESF response time used in this calculation and in
Reference 6.2 is spilit in to the "sensor and ESF logic" and "subgroup relay" delay
times to facilitate response time testing by the Reference 6.3 procedure.

32 Closing time for the electrical power breakers supplying the motors for the
containment spray pumps, the component cooling water pumps and the
emergency cooling unit fans are assumed to be 0.4 seconds. The breaker closing
time is normally a very short interval, and a typical value from vendor equipment -AI
catalog data [Ref. 6.4] shows closure times of about 4.5 cycles (0.075 seconds)
for the 5Kv breakers used to supply the 4160 volt power to the component cooling
water and containment spray pumps. The assumption of 0.4 seconds for breaker
closure time will conservatively envelop the expected closure time.

3.3 For the loss of offsite power case, the LOOP is assumed to occur at a finite time
following the LOCA or MSLB such that the diesel start in response to the loss of
voltage signal (LOVS) occurs coincident with the generation of the safety injection
actuation signal (SIAS), a SIAS/LOVS event. Since, as identified in Design Input
4.5, the bounding time for the containment pressure to reach the high pressure
analysis setpoint of 5 psig is taken to be 2 seconds following either the design
basis LOCA or MSLB event and the ESF delay time to generate the SIAS is
assumed to be 1 second (Assumption 3.1, above), the diesel generators will be
starting 3 seconds following the design basis pipe break event.

3.4 The Agastat sequencing time delay relays used for starting the CS pumps and the
CCW pumps will be assumed to actuate within +2.5 seconds of their setting. On A.
this basis, conservative sequencing delays of 12.5 seconds (10+2.5 sec) and 17.5
seconds (15+2.5 sec) will be assumed for the containment spray pumps and
component cooling water pumps, respectively. These delay times are conservative
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with respect to the vendor specification for sequencing time delay relay
repeatability of =10% of the Agastat relay setting as shown in Reference 6.25.

The bounding time for the containment pressure to rise tu the high pressure
analysis setpoint of 5 psig following the design basis LOCA or MSLB pipe break
event will be assumed to be 2 seconds. This time delay is based on the
containment pressure response to the design basis steam line break event (MSLB
at 102% power). For this break, the containment pressure has increased by 6.5
psi at 2 second= following the break [Ref. 6.8]). For the design basis LOCA event,
the containment pressure has increased by 11.7 psi at 2 seconds following the
break [Ref. 6.9].

The bounding time for the containment pressure to rise to the high-high pressure
analysis setpoint of 20 psig following the design basis LOCA or MSLB pipe break
event will be assumed to be 9 seconds. This time delay is based on the
containment pressure response to the design basis MSLB at 102% power. For
this break, the containment pressure has increased by about 20 psi at 8 seconds
and by at lease 21.5 psi at 9 seconds following the break [Ref. 6.8]. For the
design basis LOCA event, the containment pressure has increased by 20 psi at
about 4.1 seconds, and by 34 psi at 9 seconds following the break [Ref. 6.9].

The containment spray piping rizer is assumed to be filled with water to within 10
feet of the lower (first) rino header as required by Technical Specification
Surveillance Requirement 4.6.2.1.b.4 [Ref. 6.15). The water level in the spray riser
piping is established using Station Procedure $023-3-3.11.2 [Ref. 6.16]

The containment spray headers are assumed to fill one at a time from the bottom
ring to the top ring. As each spray ring is being filled, it is further assumed that
the flow rate of water into the ring available to fill the ring is reduced by having
each nozzle in the ring immediately begin leaking water at a flow rate set by an
assumed water pressure in the ring of 5 psi above the containment pressure. This
IS a conservative assumption since the nozzles can only begin to leak water after
the water reaches them, and the pressure driving the leakage would only be the
static head at each nozzle location which, on average, would be expected to be
less than the assumed 5 psi for the ring being filled. As the riser between the
rings is filled, the full spiay rings leak water at a flow rate consistent with the 5 psi
assumed for the higher ring being filled plus the static pressure between the ring
being filled and the full ring below. The nozzle spray flow rate as a function of
nozzle pressure drop is defined in Design Input 4.11.

T
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3.9 The filing of the spray headers will be assumed to start at the time the spray
pump reaches full speed. The filling flow rate will be assumed to be 1900 gpm.
This value is conservatively chosen to be less than that calculated in Case 7 of
Reference 6.1 (1949 gpm; see Design Input 4.10). This flow rate is representative |
of the minimum value during injection mode operation with the RWST full, the
containment at the design pressure of 60 psig, the spray block valves full open,
but without the full nozzle pressure drop as would be the case while the headers
are filing. For the case of containment spray actuation with no LOOP, the spray
block valves are only 65% open at the time the spray pump reaches full speed, |
and about 4 seconds remain before the block valves are full open (see section
8.2.1). Based on Case 5 of Reference 6.1, the filing flow rate with the valves half
open would be greater than 1650 gpm, or 87% of the valves full open flow rate
(1686 gpm is shown in Ref. 6.1). Using linear interpolation, the filling flow with the
olock valves 65% open would be about 90% of the maximum filling flow rate. The l %Aﬂ
assumption of the maximum filling flow rate from the time the block valves are 65%
open, with the spray pump at full speed, is justified since no credit is taken for the
substantial amount of water which will enter the assumed empty portion of the riser
during the 1.9 seconds that the pump is accelerating to full speed while the block
valves are moving from about 49% open to 65% open. It is estimated that over
40 gallons of water would enter the assumed empty portion of the spray riser LA.
system, which is enough to fill the 10 feet of the initial 8" diameter riser piping and
about half the horizontal 6" diameter distribution pipe in the 1st ring header before
the calculation assumes any water enters the dry part of the piping system.

3.10 The spray piping filling time wili be calculated for the "A" spray train (header
number 1) since the total length of all 3 ring headers for this train is about 19 feet
longer than that for the "B" train.

3.11 The time to accelerate the CS pump to full speed following closure of the pump
breaker is assumed to be 1.9 seconds per Reference 6.26.

3.12 The time to accelerate the CCW pump to full speed following closure of the pump AH
breaker is assumed to be 2.5 seconds per Reference 6.26. This value is
conservative with respect to a vendor-supplied acceleration time of 2 seconds at

75% voltage shown in Reference 6.13.
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DESIGN INPUT

The analysis setpoint for containment high pressure is 5 psig [Ref. 6.2]. This value
is consistent with the actual containment high pressure setpoint of 3.4 psig
established in Reference 6.2 and incorporated into the Station Technical
Specifications [Ref. 6.15, Unit 2 as an example]. The high pressure setpoint
initiates the safety injection actuation signal (SIAS) and containment cooling
actuation signal (CCAS). The SIAS signal initiates startup of the high and low
pressure safety injection pumps and the containment spray pumps (P-012 and P-
013) through the ESF sequencer. The CCAS signal will start the emergency
cooling units (E-399, E-400, E-401 and E-402) and cause the component cooling
water block valves to the emergency cooling units to open (2(3)HV-6366 through
2(3)HV-6373).

The analysis setpoint for containment high-high pressure is 20 psig [Ref 6.2). This
value is consistent with the actual containment high-high oressure setpoint of 14.0
psig established in Reference 6.2 and incorporated into the Station Technical
Specifications [Ref. 6.15, Unit 2 as an example]. The high-high pressure setpoint
initiates the containment spray actuation signal (CSAS) which causes the
containment spray block valves, 2(3)HV-9367 and 2(3)HV-9368, to open.

The diesel generator delay for the LOOP case is 10 seconds [Section 4.8.5.D of
Ref. 6.5]. This time interval includes generator start, attainment of rated voltage
and frequency, and breaker closure energizing the 4160 volt ESF bus. This value
is the same as the surveillance test acceptance value of 10 seconds cited in
Section 7.1.16.2.2 of Reference 6.17.

The nominal delays for sequencing the first 4 ESF load groups are [Ref. 6.6]:

Group 1 0 seconds
Group 2 5 seconds
Group 3 10 seconds
Group 4 15 seconds

The emergency fan cooler motors are in Group 1 [Ref. 6.6].
The containment spray pump motors are in Group 3 [Ref. 6.6].
The component cooling water pump motors are in Group 4 [Ref. 6.6).

As identified in Assumption 3.4, the repeat accuracy of the load group delay times
Is +2.5 seconds applied to the Agastat time delay relay setting.
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The maximum stroke time for opening the containment spray block valves,
2(3)HV-9367 and 2(3)HV-9368, is 12 seconds [Refs. 6.10 and 6.11].

The maximum stroke time for opening CCW isolation valves 2(3)HV-6366 through
2(3)HV-6373, which permit cooling water to flow through the containment
emergency cooling units, is 12 seconds [Refs. 6.10 and 6.11].

(Replaced by Assumption 3.11.)
(Replaced by Assumption 3.12.)
The maximum time required to accelerate an emergency cooling unit fan motor to
full speed following closure of the fan motor power supply breaker is 10 seconds

[Ref. 6.3]. This value is conservative with respect to a vendor-supplied
acceleration time of 7.8 seconds at 80% voltage shown in Reference 6.14.

4.10 The spray pump flow rate delivered to the containment riser while filling of the

spray ring headers is in progress (prior to establishment of full containment spray
flow at design nozzle pressure drop) will be taken to be 1650 gpm with the spray
isolation valve 2(3)HV-9367 or 2(3)HV-9368 one-half open and 1900 gpm with the
spray block valves full open. These values have been conservatively selected to
be less than the minimum flow rates calculated for cases 5 and 7, respectively, of
Reference 6.1 for a 7.5% degraded spray pump drawing water from a full RWST
and pumping into a 60 psig containment building during the time that the spray
piping is filling, before the full nozzle pressure drop is developed.

The Sprayco 1713A hollow cone bottom ramp spray nozzles have a design flow
rate of 15.2 gpm at a 40 psid nozzle pressure drop [Appendix 2 of Ref. 6.1]. With
turbulent flow conditions, the flow rate wiil vary as the square root of the nozzle
pressure drop.
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50 METHODOLOGY

The start times for the containment sprays and emergency cooling units are
determined by combining in series (and in parallel, if appropriate) the time intervals
for each action which must occur to establish a functioning heat removal system.
The constituents of the total delay times are identified below.

A._Emergency Cooling Unit Operation

1)

2)

Time to reach containment high pressure analysis setpoint following the
design basis LOCA or MSLB

Sensor and instrumentation delays to generate the containment cooling
actuation signal (CCAS)

Assuming LOOP, time to start the diesel generator, reach design voltage
and frequency, and energize the 4160 volt ESF bus (with no LOOP, the
diesel generator delay is not applicable)

Time to open the component cooling water (CCW) block valves to the
emergency cooling units

Time for the emergency cooling unit fan motors, which are in the 1st ESF
load group, to be energized and accelerate to full speed (breaker closure
time plus motor acceleration time)

Also, with or without LOOP, ESF sequencing delay in starting the operable
CCW pumps which start in the 4th load group

With a loss of voltage signal (LOVS) on the operating CCW train (but with
no LOOP) or another malfunction in the operating CCW train, the ESF
seqguencing delay wili still apply to restoring CCW flow, but without the
diesel generator starting delay

Time to accelerate the CCW pumps to full speed, restoring CCW flow,
assuming a LOOP had occurred (breaker closure time plus motor
acceleration time)

Subject Containment Spray (CS) & Emergency Cooling Unit (ECU) Actuation Times Sheet No, __14
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B. Containment Spray System Operation

1) Time to reach containment high pressure analysis setpeint following the
design basis LOCA or MSLB

2) Sensor and instrumentation delays to generate the safety injection actuation
signal (SIAS) which initiates automatic sequencing of ESF equipment and
starts the containment spray pump in the 3rd load group (with LOOP,
sequencing is delayed until the ESF bus is energized by the emergency
diesel generator)

3) Assuming LOOP, time to start the diesel generator, reach design voltage
and frequency, and energize the 4160 ESF bus (with no LOOP, the diesel
generator delay is not applicable)

4) Time for the spray pump motors to be energized and accelerate to full
speed (breaker closure time plus motor acceleration time) | A,

5) Time to reach containment high-high-pressure analysis setpoint following
design basis LOCA or MSLB )

6) Sensor and instrumentation delays to generate the containment spray
actuation signal (CSAS) which initiates opening of the containment spray
isolation valves and allow spray water to begin filling the spray piping in
containment

7) Time to open the containment spray isotation valves

8) Time to fill the spray rings and establish full containment spray flow
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80 CALCULATIONS

8.1 Emergency Cooling Units

(A)

(B)

(C)

in the following two sub-sections.

DB LOCA or MSLB occurs

Containment pressure reaches the analysic

setpoint for containment high

pressure (5 psig, Des. Input 4.1)

SIAS generated

LOVS occurs on operating CCW train
(without LOOP) or other malfunction
Sequencing of ESF equipment begins

CCAS generated

The timing of the automatic startup of the emergency cooling units following a
design basis LOCA or MSLB, with and without loss of offsite power, is developed
The total delay time is developed using a
chronology of events approach. Timelines describing the sequence of events for
emergency cooling unit startup, with and without loss of offsite power, are
provided in Figure 1. The delay times associated with each component of the
overall delay time, which are provided in the chronologies below, have been
included on the timelines in parentheses.

8.1.1 ECU Actuation With No Loss of Offsite Power (see Figure 1.A)

zZero seconds

1 second after reaching
hi pressure setpoint
(Assump. 3.1) A

CCW block valves to ECUs begin to open

ECU fan motor breaker coils energized

(ECUs are in the first ESF load

group per Design Input 4.4)

ECU fan motors start

Emergency cooiing unit motor and fan at

rated speed

CCW isolation valves to ECUs are fully

0.4 sec after ESF start
signal: brkr closure time | |\
(Assump. 3.2)

12 seconds valve stroke
time (Des. Input 4.6)

2 seconds (Assump. 3.5)

10 sec after brkrs close
(Des. Input 4.9) Ay
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(F) CCW pump motor breaker coils energized 17.5 sec after ESF start
(CCW pump motors are in the 4" load (Assump. 3.4)
group per Des. Input 4.4)

(G) CCW pump motors start 0.4 sec brkr closure time Qﬂ
(Assump. 3.2)
(H  CCW pump at full speed, full CCW flow 2.5 sec after brkrs close
to ECU established (Assump. 3.12)

Elapsed time following DB LOCA or MSLB for emergency ccoling unit fan to reach
full speed =A+B+C+C+D A
=0+2+1+04+ 10 = 13.4 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
at full speed with CCW block valves full open

=A+B+C+E

=0+2+ 1+ 12 = 15 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
at full speed, CCW block valves fully open, and restarted CCW pump at full flow
=A+B+C+F+G+H
=0+2+1+4+175+ 04 + 25 = 23.4 seconds

= 24 seconds, rounded A.

The limiting action for establishing emergency cooling unit full operability with no
loss of offsite power but with a loss of voltage signal on the operating CCW train,
following a design basis LOCA or MSLB, is restarting the CCW pumps through the
ESF sequencing time delay relays. The total delay time for emergency cooling unit
operability in this case is 24 seconds.
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8.1.2 ECU Actuation With Loss of Offsite Power (see Figure 1.B)
(A) DB LOCA or MSLB occurs zero seconds
(B)  Containment pressure reaches the analysis 2 seconds (Assump. 3.5)

setpoint for containment high
pressure (5 psig, Des. Input 4.1)

(C)  SIAS generated 1 second after reaching
CCAS generated hi pressure setpoint
LOVS is present and EDG starts due to LOOP  (Assump. 3.1)
(D) EDG @ full speed and frequency and 10 seconds after EDG
ESF bus energized start (Des. Input 4.3)

Sequencing of ESF equipment begins

CCW block valves to ECUs begin to open

ECU fan cooler motor brkr ceils energized (ECUs |
are in first ESF load group per Design Input 4.4)

(D) ECU fan cooler motors start 0.4 sec after ESF start
signal; brkr closure time
(Assump. 3.2

(E) ECU motor and fan at rated speed 10 seconds after brkrs
close (Des. Input 4.9) A

(F) CCW isolation valves to ECUs are fully open 12 seconds from time
valves begin to open
(Des. Input 4.6)

(G) CCW pump motor brkr coils energized 17.5 seconds after start of
(CCW pump motors are in the 4" ESF sequencing A\
ESF load group per Des. Input 4.4) (Assump 3.4)
group per Des. Input 4.4)
(G) CCW pump motor starts 0.4 sec brkr closure time
(Assump. 3.2
(H  CCW pump at full speed 2.5 seconds after brkrs Q

close (Assump. 3.12)
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Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to reach
full speed =A+B+C+D+D +E
=0+4+2+1+10+ 04 + 10 = 234 seconds

Elapsed time foliowing DB LOCA or MSLB for emergency cooling unit fan to be
at full speed with CCW block valves full open
=A+B+C+D+F
=0+2+ 1+ 10+ 12 = 25 seconds

Elapsed time following DB LOCA or MSLB for emergency cooling unit fan to be
a full speed, CCW block valves fully open and rectarted CCW pump
=A+B+C+D+G+G +H
0+2+1+10+ 175 + 04 + 25 = 33.4 seconds '
nds, roun

The limiting action for establishing emergency cooling unit full operability with ioss
of offsite power and the loss of voltage signal simultaneous with the safety injection
actuation signal (SIAS/LOVS event), following a design basis LOCA or MSLB, is
restarting the CCW pumps through the ESF sequencing time delay relays. The
total delay time for emergency cooling unit operability in this case is 34 seconds.

AN




A.

ECU ACTUATION WITH NO LOSS OF OFFSITE POMER
CCW block valves to ECUs
(12) E/are fully open @ 15 sec
1
|
0B LOCA ‘\'Emergency Cooling Unit
or MSLB I | motor & fan at
oceurs | rated speed @ 13.4 sec
2 time 0 ! "
' i
s 2 4 Y — o -
A (2/; 20 c\ (17.5) F (0.4) 2.5 u\
Containment SIAS generated; CCW pump mtr CCN ‘pump CCW pumps @ full speed;
pres reaches LOVS or other malfunction brkr coils motor design CCW flow to ECUs
hi analysis present but no LOOP; energized starts establ ished; ECUs fully
setpt @ 2 sec ESF sequencing begins; @ 20.5 sec a8 20.9 sec operational @ 23.4 sec
CCAS generated; (24 sec, rounded)
CCW bik valves to
ECUs begin to open;
ECU fan motor brkr coils
energized @ 3 sec
ECU ACTUATION WITH LOSS OF OFFSITE POWER
CCW block valves to ECUs
are fully open @ 25 sec
(12) F
&

(0.4) D’ (10)

STIpR——

[
i
:+  Emergency Cooling Unit
I “motor & fan at

I rated speed @ 23.4 sec
|

DB LOCA
or MSL8 ECU fans
occurs start
@ time 0 @ 13.4 sec
i
(17.5)

Containment SIAS generated; EDG @ full spd & freq;
pres reaches CCAS generated; ESF bus energired;

hi analysis LOVS present ESF seq begins;

setpt @ 2 sec w/LOOP & DG CCW blk vives to

ECUs begin to open;
ECU fan mtr brkr coil
energized & 13 sec

starts @ 3 sec

/;'(o.&/ﬁ 2.5) .‘c\

CCW pump mtr  CCN pump CCW pumps @ full speed;
brkr coils motor design CCW flow to ECUs
energized starts establ ished; ECUs fully
a8 30.5 sec 2 30.9 sec operational @ 33.4 sec

(34 sec, rounded)
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82 Containment Spray System

The timing of the automatic startup of the containment spray system following a
design basis LOCA or MSLE, with and without loss of offsite power, is developed
In @ manner similar to that used for thie emergency air coolers. The time to fill the
empty spray piping and ring headers inside containment is calculated separately
in sub-section 8.2.23. Timelines describing the sequence of events for containment
spray startup, with and without loss of power, are provided in Figure 2. The delay
times associated with each component of the overall delay time, which are
provided in the chronologies below, have been included on the timelines in

parentheses.
8.2.1 CS Actuation With No Loss of Offsite Power (see Figure 2.A)
(A) DB LOCA or MSLB occurs zero seconds
(B) Containment pressure reaches the analysis 2 seconds (Assump. 3.5)

setpoint for containment high pressure
(5 psig, Des. Input 4.1)

(C)  SIAS generated 1 second after reaching
Sequencing of ESF equipment initiated hi pressure setpoint
(Assump. 3.1)

(D)  Containment pressure reaches the analysis 9 seconds (Assump. 3.6)
setpoint for containment high-high
pressure (20 psig, Des Input 4.2)

(E) CSAS generated 1 second after reaching
Containment spray block valves begin hi-hi pressure setpoint
to open (Assump. 3.1)
(F)  Containment spray pump motor breaker coils 12.5 seconds after start
energized (Spray pump motors are in the of ESF sequencing
3" ESF load group per Des. Input 4.4) (Assump. 3.4)
(F) Containment spray pump motor starts 0.4 sec after ESF signal;
brkr closure time A.
(Assump. 3.2)
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(G) Containment spray pump at full speed 1.9 seconds after breaker
Spray block valves are about 65% open closure (Assump. 4.11) ﬂ

(7.8 seconds of the 12 second valve
stroke time have elapsed)

(H)  Containment spray block valves full open 12 seconds after CSAS
generated (Des. Input
4.5)
(n Spray piping and ring headers filled and 31.1 seconds after CSP at
full containment spray flow established full spe~d (see 8.2.3)

from the spray system

Elapsed time following DB LOCA or MSLB for containment spray pumps to reach
full speed =A+B+C+F +F+G q

o

0+2+1+04+ 125+ 1.9 = 17.8 seconds

Elapsed time following DB LOCA or MSLB for containment spray biock vaives to
be full open =D+ E+H

9+ 1+ 12 = 22 seconds

H]

Elapsed time following DB LOCA or B for containment spray system to be fully
functional assuming full header filli w rate credited at time CSP reaches
full speed (Assump 3.9) = A + C+F +F+G+1 A

=0+2+ 1 +04+ 125+ 19 + 31.1 = 48.9 seconds
= 49 seconds, rounded

The controlling actions for establishing containment spray following a design basis
LOCA or MSLB with no loss of offsite power are the opening the spray block
valves in parallel with the sequenced starting of the spray pumps, followed by the AA
actual filling of the dry containment spray riser and ring header piping. In this case

the containment spray pump is at full speed about 2 seconds before the block
valves are fully open, and the total delay time for establishing full containment
spray fiow is 49 seconds.
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8.22 CS Actuation With Loss of Offsite Power (see Figure 2.B)
(A) DB LOCA or MSLB occurs zero seconds

(B) Containment pressure reaches the analysis 2 seconds (Assump. 3.5)
setpoint for containment high
pressure (5 psig, Des. Input 4.1)

(C)  SIAS generated 1 second after reaching
LOVS is present and EDG starts due to LOOP  hi pressure setpoint
(Assump. 3.1)

(D) Containment pressure reaches the analysis 9 seconds (Assump. 3.6)
setpoint for containment high-high
pressure (20 psig, Des. Input 4.2)

(E) CSAS generated 1 second after reaching
hi-hi pressure setpoint
(Assump. 3.1)

(F) EDG at full speed and frequency and 10 seconds after EDG
ESF bus energized start (Des. Input 4.3)
Sequencing of ESF equipment begins
Containment spray block valves begin
to open with CSAS already present

(@) Containment spray pump motor breaker coils 12.5 seconds after start of
energized (CS pump motors are in the 3" ESF sequencing
ESF load group per Des. Input 4.4) (Assump. 3.4)
(G) Containment spray pump motor starts 0.4 sec brkr closure time
(Assump. 3.2)
(H)  Containment spray block valves full open 12 seconds after ESF bus

is loaded with CSAS
present (Des. Input 4.5)

) Containment spray pump at full speed 1.9 sec after brkr closure
(Assump. 3.11)
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(J) Spray piping and ring headers filled and 31.1 seconds after CSP at
full containment spray flow established full speed (see 8.2.3)
from the spray train

Elapsed time following DB LOCA or MSLB for containment spray block valves to
be full open =A+B+C+F+H
=0+2+ 1+ 10 + 12 = 25 seconds

Elapsed time following DB LOCA or MSLB for containment spray pump to be at
full speed =A+B+C+F+G +G+1I
=0+2+1+10+ 04+ 125 + 1.9 = 27.8 seconds

Elapsed time following DB LOCA or MSLB for containment spray system to be fully
functional assuming full header filling flow rate credited at time CSP reaches full
speed (with all valves wide open at that time)

=A+B+C+F+G +G+1+J
0+2+1+10+04 + 125 + 1.9 + 31.1 = 58.9 seconds

59 seconds, rounded

L

The limiting action for estab'ishing containment spray flow with loss of offsite power
following a design basis LOCA or MSLB is the sequenced starting of the containment A
spray pump and subsequent filling of the dry spray riser and ring header piping. The
total delay time for this case is 59 seconds.
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CS ACTUATION WITH NC LOSS OF OFFSITE POMER

\ CS valves

full open

A (&) D (N E (12) H
T - =
. / \

DB LOCA Containment CSAS

or MSL8 pressure a generated;

occurs hi-hi anal CS blk vives

2 time 0 setpoint begin to open

: a9 sec & 10 sec

-
'
!
1 2 22 sec
i
i
v

(31.1)

N

A (2)/(1 ;\ (12.5) /r' (0.4) FR(1.9) ¢

full contairnment
spray established

(59 sec, rounded)

Containment SIAS gen; CS pump mtr €S pump CS pump @ full speed; Full containment
pres reaches TSf seq brkr coils motor CS blk vives 8 65% open; spray estabiished
hi analysis begins energize starts spray piping begins @ 48.9 sec
setpt @ 2 sec @ 3 sec @ 15.5 sec 8 15.9sec to f1ll @ 17.8 sec (49 sec, rounded)
CS ACTUATION WITH LOSS OF OFFSITE POWER
A (?) D(ME
- CSAS
] ] generated
DB LOCA Cont‘m’'t ' @ 10 sec (12) W
or MSLB pres @ CS valves
occurs hi-hi anat | ] full open
2 time 0 setpoint I 1 a8 25 sec
.
2 ., a9 sec { ¥ - " o
A (2)/3 M E\ (10) :\ (12.5) &' (o.:.)f (1.9)f (31.1) /':
Containment SIAS gen; E0G @ full spd CS pmp mtr CS pump CS pump 2
pres reaches LOVS present & freq; ESF brkr coils motor full speed;
hi analysis w/L00P & EDG bus energized; energize starts spray pipng a8 58.9 sec
setpt @ 2 sec starts ESF seq begins; & 25.5 sec @ 25.9 sec begins to fill
3 3 sec CS bik valves a 27.8 sec
begin to open
2 13 sec
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APPENDIX C (3 pages)

To: Alas Brough
M£ From: Doug Stickney

Regquest FOR support
July 21, 1995

Subject: Analysis for Obtaining & +/- 2.5 seconds of Relay

Setting on Agastat Timing Relay for Load Sequence
Timing Tolerance in Tech Spec 4.6.1.1.2.d.13.

Background:

The agastat time delay relays used in the load sequencer have a
manufacturer's stated accuracy ot +/- 10% of relav setting.
Technical Specification (TS)requires verification that they
perform with an accuracy of +/- 10% of design interval. This is
& more restrictive requirement and results in many failures
during Integrated ESF testing. To correct this situation, a
Technical Specification change will be requested to increase the
Tslcritoxia to a value which exceeds the manufactures stated
tolerance.

Some System safety analyses and procedures (i.e. NFA Calcs & IST
programs) use assumptions about load segquencing and

acceleration times. These assumptions are verified in various
surveillances. A review of “hese analyses shows that changes to
NFA calculations are required to support the proposed TS change.
These required changes are disciussed below.

HFA Changes for CS and CCW Pumps

Some preliminary studies have -been performed to evaluate wider
allowable load sequencing deviations from a system interaction
viewpcoint. Based on & review of existing procedures and
calculation, the only safety analysis calculations which do not
presently allow for & load sequencing deviation of as much as 2.5
seconds are NFA calculations N-4080-026 and 027. These
calculations evaluate containment pressure and temperature rise
following 2 LOCA or MSLB, and are sensitive to the start time of
both containment spray and containment cooling. Timing
assumptions used for these calculations are contained in
calculation N-4080-003 Rev 5.

Start time for the containment Emergency Cooling Unit (ECU) is
dependent both on CCW pump start and acceleration time, and valve
stroke time. However, N-4080-026 & 027 calculations arbitrarily
assume a start time for the ECU which matches the start of actual
containment spray at 50/60 seconds (no LOP/LOP). This assumption
envelopes the start times which would result from increasing
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Appendix C, Continued

ellowable agastat delay for the COW pump from 0.5 to 2.5 seconds
(23.2/33.2 seconds). TS tabie 3.3-5, however, limits total
response time to 21.2/31.2 seconds. As a result, surveillance
procedure S023-XV-6 limits CCW pump acceleration time to 4.5
seconds. To increase its agastat time from 0.5 to 2.5 seconds
therefore, requires decreasing the allowable pump acceleration
time to 2.5 seconds, and changing the TS table 3.3-5.

The containment Spray (CS) pump start times are also critical to
the reference N-4080-026 &027 calculations. The analyses assume
& 0.5 second load .o¥ucnc1ng delay, which equals a CS pump
breaker close time of 10.5 seconds, and an scceleration time of
é.4 seconds. A total of 26.9 seconds is available for the
containment spray pump to be running at speed with valves full
open to avoid -xcooding pressure and/or temperature limits. TS
table 3.3-5, however, limits this to 25.4 seconds. Since there
is at most & 1.5 second margin in N-4080-026 & 27 calculations
above the TS limit, changing the Tech Spec to gain 2.0 seconds
for the agastat is not an option. This Technical Specification
limit translates into & 3.9 second acceleration requirement,
assuming a 0.5 second delay in the load sequencer. Therefore, in
order to permit a2 2.5 second load sequencer delay for the CS pump
breakers, it is necessary to impose a 1.9 second limit for CS
pump acceleration.

Action requested:

89 Consider +/- 2.5 second agastat deviation times, 1.9 seconds
CS pump acceleration time and 2.5 seconds CCW pump
acceleration time as an assumed inputs to N-4080-026 and 027
calculations.

2. Identify any other NFA effected documents, and re-evaluate
them by considering +/- 2.5 seconds instead of existing +/-
10% of design interval. -

The results of your evaluation along with evalauations and
calculations performed by others for this purpose will be used as
a2 justification and supporting evidence for Technical
Specification change request.




Containment Spray Pump Response Time

Tech Spec Table 3.3-5
(TS Response Time Requirement is 25.4 seconds)

Existing

—— Agastat Tolerance

Instrument Response —] DG Blr; LOVS reset |_ Timer setpoint dovirem g
Tech Spec Surv Req :’//////7/{{////////// : § i 25.4
e cae G N _':;.Z*W
Proposed ——— Agastal Tolerance

Tech Spec Surv Req ////////'/o//////////) SR

k\\_.

—— Pump Start Time

25.4

=
10 > 25 UK o
C

\ 269

NFA Calc ///////'/o/////////// k}s\\

10

All times in seconds.
T=0 seconds defined as the time at which containment pressure = Hl setpoint.
Agastat tolerance can be increased to + 2.5 sec. Overall response time is unchanged.
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