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1. INTRODUCTTON

An analysis for a design basis steam generator tube rupture (SGTR) event has
been performed for the Millstone Nuclear Power Station Unit 3 in three-loop
operation to demonstrate margin to steam generator overfill., Millstone Unit 2
employs a Westinghouse pressurized water reactor (PWR) unit rated at 34]] Mwt
for four-loop operation. Millstone Unit 3 1s licensed for €5% of full power
vperation with one loop isolated. The analysis was performed at 75% of full
power with a sensitivity to 65% power. The reactor coolant system has four
reactor coolant loops with Model F steam generators. The SGTR analysis is
applicable for a uniform steam generator tube plugging level of up to

10 percent’. The SGTR analysis is bounding for operation with a Westinghouse
standard fuel core, a Vantage-5H fuel core, or a standard fusl/Vantage-5H fuel
transition core installed with a positive moderator temperature coefficient,

The steam generator tube ruptu . analysis was performed for Millstone Unit 3
in 3-loop operation using the methodology developed in WCAP-10698

(Reference 1). This analysis methodology was developed by the SGTR Subgroup
of the Westinghouse Owners Group and was approved by the NRC in a Safety
Evaluation Report dated March 30, 1987. A modified version of the LOFTTR2
program was used to perform the SGTR analysis for Millstone Unit 3 for three
loop operation. The modifications to the LOFTTRZ computer code allow for
plant operation with an isolated reactor coolant system (RCS) loop, but would
not change the results of the analysis performed for four loop operation
(Reference 3). The LOFTTR]1 program was developed as part of the revised SGTR
analysis methodology and was used for the SGTR evaluations in Reference 1.
However, the LOFTTR] program was subsequently modified to accommodate steam
generator overfill and the revised program, designated as LOFTTR2, was used
for the evaluation of the consequences of overfill in WCAP-11002

(Reference 2). The LOFTTR2 program is identical to the LOFTTR] program, with
the exception that the LOFTTR2 program has the additional capabiiity to

Assumes 10% of steam generator tubes in each generator are plugged and
corresponds to the worst plugging level of any steam generator.

wP0682:1D/102191 1



represent the transition from two regions (steam and water) on the secondary
side to a single water regien 1f overfill occurs, and tne transition back to
two regions again depending upon the calculated secondary conditions. Since
the modified LOFTTR2 program has been validated against the “o1<* LOFTTR?
program, which was validated against the LOFTTR] program, the modified LOFTTR2
program is also appropriate for performing licensing basis SGTR analyses.

Plant response to the SGTR event was modeled using the updated LQFTTR2
computer code with conservative assumptions of break size and location,
condenser avaiiability ana initial secondary water mass in the ruptured steam
generator. The analysis methodology includes the simulation of the operator
actions for recovery from a steam generator tube rupture based on the
Millstone Unit 3 Emergency Operating Procedures (EOPs), which were develaped
from the Westinghouse Owners Group Emergency Response Guidelines (ERGs). The
operator action times used for the analysis are based on the results of
simulator studies of the SGTR recovery operations which were performed by the
Millstone Unit 3 operations personnel using the plart training simul:tor.
Thus, the SGTR analysis is based on the application of the actuu! plurt
procedures and operator training,

An SGTR results in the leakage of contaminated reactnr coolant ints the
secondary system and subsequent release (f a portion of the activity ¢o the
atmosphere, and an analysis is typically performed to assure that the offsite
rediation doses resulting from an SGTK are within the allowabls guiJelines.
However, one of the major concerns for an SGTR is the possibility of steam
generator overfill since this could potentially result in a significant
increase in the offsite radiation doses. Therefore, to ensure that steam
generator overfill will not occur for a design basis SGTR for Millstone
Unit 3, in three loop operation, an anelysis was performed to demonstrate
margin to cteam generator overfill assuming the limiting single failure
relative to overfill.

The 1imiting single failure was ascumed to be[_

WPOER2:1D/102191 2
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consistent with the methodology in Reference 1. The LOFTTR2 analysis to
determine the margin to overfill was performed for the time period from the
tube rupture until the primary and secondary pressures are equalized and the
break flow is terminated. The water volume in the secondary side of the
ruptured steam generator was calculated as a function of time to demonstrate
that overfill does not occur. The results of this analysis demonstrate that
there is margin to steam generator overfill fcr a design basis SGTR for

Millstone Unit 3, three loop operation.
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I1. ANALYSIS

An analysis was performed to determine the margin to steam generator overfil)
for a design basis SGTR event for three-loop operation for Millstone Unit 3.
The analysis was performed using the updated |OFTTR2 program and the
methodology developeu in Reference 1. This section includes a discussion of
the methods and assumptions used to analyze the SGTR event, as well as the
sequence of events for the recovery and the calculated results.

A.  Qesign Bagis Accident

The accident modeiad is a double-ended break of one steam generator tube

located at the top ofc}he tube sheet [:
:]a'The location of the break [

:]aﬁlt was also assumed that losc of offsite power occurs at
the time of reactor trip, and the highest worth control assembly was
assumed to be stuck in its fuliy withdrawn position at reactor trip.

“or the three-loop reference plant in WCAP-10698, the most limiting
single failure with respect to steam generator cverfill was determined

to be[:: 5
Q|
:1 The Millstone

Unit 3 plant has one main steam pressure relieving valve (MSPRY) and one
main steam pressure relieving bypass valve (MSFRBV) for each steam
generator. The MSPRVs provide automatic pressure relief capability, but
the manual operation of the valves is not seismically qualified. The
MSPRBVs do not have automatic pressure relief capability, but provide a
safety-grade means for manual steam relief, and were assumed to be used
for the plant cooldown. Thus, the equivalent single failure for
Millstone Unit 3[_ %
However, based on

previous sensitivity studies for four-loop plants, the l1imiting single

WP0682:10/072491 4
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failure may bet:

e

The Millstone Unit 3 AFW system consists of two motor-driven pumps, and
one turbine-driven pump with a capacity eagual to the combined capacity
of the two motor-driven pumps. Each motor-driven pump normally feeds
two steam generators and the turbine-driven pump feeds all four steam
generators for four-loop operation. There are two AFW flow control
valves for each steam generator, one in the flow path from the motor-
driven pump and one in the flow path # 'm the turbine-driven pump.
There is also an isolation valve in series with the control valve in
each AFW flow path. With the exception of the isolated loop, the AFW
flow contre' and isolation valves would be normally open and the flow
control valves are used to terminate feedwater flow to the ruptured
steam generator and control inventory in the intact steam generators.
However, when isolating the AFW flow to the ruptured steam generator,
the operator would first close the flow control valve in each of the
flow paths to the ruptured steam generator, and then if the flow does
not decrease, the operator would immediately cluse the corresponding
isolation valve. Thus, a single failure of a ruptured sieam generator
flow control valve to close would not require significant additional
time to terminate AFW flow to the ruptured steam generator. Since a
single failure of an AFW flow control valve is not limiting, the single
failure was assumed to beE jq‘c’

This failure increases the time required to perform the .S cooldown,
which results in additicnal primary to secondary leakage and decreases
the margin to steam generator overfill.

Conservative Assumptions

Sensitivity studies were performed to identify the initial plant
conditions and analysis assumptions which are conservative relative to

WP0682:1D/102191 5



steam generator overfill for three-loop operation. The same
conservative conditions and assumptions as were used in the LOFTTR2
analysis to determine the margin to steam generator overfill for
Millstone Unit 3 with the noted exceptions.

1. Initisl Power level

Millstone Unit 3 is licensed for 65% of full power for three loop
operation. Other accident analyses for Millstone Unit 3 for three
loop operation were performed at 75% of full power for conservatism.
Since it was not obvious whether SGTR overfill would be more
Timiting at 65% power or at 75% power, analyses were performed to
determine the sensitivity to the {~o power levels, using the initial
conditions associated with the different power levels. The
sensitivity showed that the 75% power case is significantly more
limiting for overfill.

2. Reactor Trip and Turbine Runback

The SGTR analysis methodology for the margin to overfill analysis
(Reference 1) was based on performing the analysis at full power,
and an analysis was not required for operation at reduced power
levels because of the reduced risk associated with SGTRs for these
conditions. The analysis was performed for full power operation
with turbine runback simulated at a rate of[ T

. The
simulation of turbine runback was performed to bound operation down
to the runback power leve! immediately following full power
operation. The analysis is based on full power conditions,
including ful) power decay heat levels, and the turbine runback is
simulated by[: 2

t]qfhe four loop analysis for

Millstone Unit 3 (Reference 3) was performed applying this
methodology, but tere was no precedent for applying the methodology

WP0682:10/102191 6









5. lnstrument Uncertainties

Instrument uncertainties have been included as a part of the
analysis assumptions where they produce conservative results.
Analysis results should be reviewed if the uncertainties for the
instruments used in the steam generator tube rupture analysis
increases.

¢ Qperator Action Times

In the event of an SGTR, the opurator is required to take actions to
stabilize the plant and terminate the primary to secondary leakage. The
operator actions for SGTR recovery are provided in Millstone Unit 3

tOP 35E-3 which is based on the Westinghouse Owners Group ERG E-3, and
trese actions were explicitly modeled in this analysis. The cperator
actions modeled include identification and isolation of the ruptured
steam generator, cooldown and depressurization of the RCS to restore
inventory, and termination of SI to stop primary to secondary leakage.
These operator actions are described below.

1. Identify the ruptured steam generator.

High secondary side ictivity, as indicated by the main steamline
radiation monitors, condenser air ejector radiation monitor, or
steam generator blowdown radiation monitors typically will provide
the first indication of an SGTR event. The ruptured steam generator
can be identified by an unexpected increase in steam generator
level, or a high radiation indication from a steam generator sample,
a main steamline, or steam generator blowdown line. For an SGTR
that results in a reactor trip at high power as assumed in this
analysis, the steam generator water level as indicated on the water
level instrumentation will decrease significantly for all of the
steam generators. The AFW flow will begin to refill the steam
generavors, distributing approximately equal flow to each of the

WP0682:10/083191 9






generator pressure in subsequent actions. If offsite power is
available, the normal steam dump system to the condenser can be used
to perform this couldown. However, i1 offsite power is lost, the
RCS is cooled using ‘he MSPRBVs on the intact steam generators.
Since offsite power is assumed to be lost at reactor trip for this
analysis, the cooldown was performed by dumping steam via the
MSPRBVs on the intact steam generators.

Depressurize the RCS to restore reactor coolant inventory.

when the cooldown is completed, SI flow will increase RCS pressure
until break flow matches SI flow. Consequently, SI flow must be
terminated to stop primary to secondary leakage. However, adequate
reactor coolant inventory must first be assured. This includes both
sufficient reactor coclant subcooling and pressurizer inventory to
maintain a reliable pressurizer level indication after SI flow is
stopped. Since leakage from the primary side will continue after SI
flow is stopped until RCS and ruptured steam generator pressures
equalize, an "excess" amount of inventory is needed to ensure
pressurizer level remains on span. The “excess® amount required
denends on RCS pressure and reduces to zero when RCS pressure equals
the pressure in the ruptured steam generator.

The RCS depressurization is performed using normal precsurizer sgray
if the reactor coolant pumps (RCPs) are running. However, since
offsite power is assumed to be lost at the time of reactor trip, the
RCPs are not running and thus ncrmal pressurizer spray is not
available., In this event, RCS depressurization can be performed
using the pressurizer PORVs or auxiliary pressurizer spray. Because
the pressurizer PORVs are the preferred alternative, it was assumed
for this analysis that a pressurizer PORV is used for the RCS

depressurization.

WP0682:1D/07249] 11
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The updated LOFTTR2 analysis results for the margin ) overfi)) analysis
at Millstone 3 for three loop operation are described below. The
sequence of events for this transient is presented in Table 2.

Following the tube rupture, reactor coolant flows from the primary into
the secondary side of the ruptured steam generator since the primary
pressure is greater than the steam generator pressure. In response to
this loss of reactor coolant, pressurizer level decreases as shown in
Figure 1. The RCS pressure also decreases as shown in Figure 2 as the
steam bubble in the pressurizer expands. As the RCS pressure decreases
due to the continued primary to secondary leakage, automatic reactor
trip occurs at approximately 285 seconds on an overtemperature delta-T
trip signal.

After reactor trip, core power rapidly decreases to decay heat levels.
The turbine stop valves close and steam flow to the turbine is
terminated. The steam dump system is designed to actuate following
reactor trip to limit the increase in secondary pressure, but the steam
dump valves remain closed due to the loss of condenser vacuum resulting
from the assumed loss of offsite power at the time of reactor trip.
Thus, the energy transfer from the primary system causes the secondary
side pressure to increase rapidly after reactor trip unti)l the stean
generator MSPRVs (and safety valves if their setpoints are reached) 1ift
to dissipate the energy, a: shown in Figure 3. The main feedwater flow
will be terminated and AFW flow will be auto. .. cally initiated
following reactor trip and the loss of offsite power.

The RCS pressure and pressurizer level continue to decrease after
reactor trip as energy transfer to the secondary shrinks the reactor
coolant and the tube rupture break flow continues to deplete primary
inventory. The decrease in RCS inventory results in a low pressurizer
pressure SI signal at approximately 412 seconds. After SI actuation,

WP0682:1D/081691 13
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longer because of the computer program numericai requirements for
simulating the operator actions.

2. Cool Down the RCS to Establish Subcooling Margin

After isolation of the ruptured steam generator is completed at

992 seconds, an 8 minute operator action time is imposed prior to
initiating the cooldown. After this time, actions are taken to cool
the RCS as rapidly as possible by dumping steam from the intact
steam generators. Since offsite power is lost, the RCS is cooled by
dumping steam to the atmosphere using the MSPRBVs on the intact
steam generators. As noted previously, the Timiting single failure
was assumed to[:

T‘?hus. it was a sumed that the[

e :]1§ opened for the RCS cooldown. [j

was assumed to be opened at 1476 seconds. The
cooldown is continued until RCS subcooling at the ruptured steam
generator pressure is 20°F plus an allowarce of 30'F for subcooling
uncertainty. When these conditions are satisfied at 2708 seconds,
it is assumed that the operator closes the intact steam generator
MSPRBV to terminate the cooldown. This cocldown ensures that there
will be adequate subcooling in the RCS after the subsequent
depressurization of the RCS to the ruptured steam generator
pressure. The reduction in the intact steam generator pressure
required to accomplish the cooldown is shown in Figure 3, and the
effect of the cooldown on the RCS temperature is shown in Figure 4,
As shown in Figure 2, the RCS pressure also decreazes during this
cooidown process due to shrinkage of the reactor coolant, and then
begins to increase due to the increased SI flow after the cooldown
is terminated.

WP0682:1D 102191 15






increasing, and the pressurizer level is greater than the
13% allowance for uncertainty.

After depressurization is completed, an operator action time of

3 minutes was assumed prior to SI termination. Since the above
requirements are satisfied, SI termination was performed at this
time. An additional 2 second delay was also assumed due to the
computer program Timitations in simulating the operator actions.
After SI termination at 3226 seconds, the RCS pressure begins to
decrease as shown in Figure 2. The RCS temperatures also begin to
increase and the intact steam generator MSPRBV is opened to dump
steam to maintain the prescribed RCS temperature to ensur: *hat
subcooling is maintained. When the MSPRBV is opened, the increased
energy transfer from primary to secondary also aids in the
depressurization of the RCS to the ruptured steam generator
pressure. The primary to secondary leakage continues after the SI
flow is terminated until the RC3 and ruptured steam generator
pressures equalize.

The primary to secondary break flow rate throughout the recovery
operatiorns is presented in Figure 5. The water volume in the
ruptured steam generator is presented as a function of time in
Figure 6. It is noted that the water volume in the ruptured steam
generator when the break flow is terminated is approximately

5665 ft’, which is significantly less than the total steam generator
volume of 5850 ft. Therefore, it is concluded that overfill of the
ruptured steam generator will not occur for a design basis SGTR for
Millstone Unit 3 in three loop operation.

wP0682:10/081691 17
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Millstone Unit 3 Three-Loon Operat.on
Steam Generator Tube Rupture
Margin tc Overfill Analysis

TABLE 2

EVENT
S3 Tube Rupture

Reactor Trip

S Actuation

Ruptured SG Isolated

RCS Cooldown Iritiated

RCS Cooldown Terminated

RCS Depressurization Initiated

RCS Depressurization Terminated

SI Terminated

Steam Relief to Maintain RCS Subcooling

Break Flow Terminated

WP0682:10/081691 21
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Figure 4 Intact Loop Mot and (¢ g RCS Temperatures
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Figure 5 Primary to Secondary Break Flow Rate
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Ruptured SG Water Volume




