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I INTRODUCTION

An Analysis for a design basis steam generator tube rupture (SGTR) event has
been performed for the Millstone Nuclear Power Station Unit 3 to demonstrate
margin to steam generator overfill, Millstone Unit 3 employs a Westinghouse
pressurized water reactor (PWR) unit rated at 3411 MWt. The reactor coolant
system has four reactor coolant Toops with Mode! F steam generators., The SGTR
analysis was performed for four-loop operation and is applicable for an
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 fuel/Vantage-5H fuel transition core
installed with a positive moderatur temperature coefficient.

The stesm generator tube rupture analysis was performed for Millstone unit 3
using the methodology developed in WCAP-106%8 (Reference 1), This analysis
methodology was developed by the SGTR Subgroup of the Wesiinghouse Owners
Group and was approved by the NRC in a Safety Evaluation Report dated

March 30, 1987. The LOFTTR2 program, an updated version of the LOFTTR]
program, was used to perform the SGTR analysis for Millstone Unit 3. The
LOFTTn] program was developed as part of the revised SGTR analysis methodology
ar . was used for the SGTR evaluations in Reference 1. However, the LOFTTRI
program was suhsequently modified to accommodate steam generator overfill and
the revised program, designated as LOFTTRZ, was used for the evaluation of t!
consequences of overfill in WCAP-11002 (Reference 2). The LOFTTRZ program is
identical to the LOFTTR] program, with the exception that the LOFTTRZ program
has the additional capability to represent the transition from two regions
(steam and water) on the secondary side to a single water region if overfill
pccurs, and the transition back to two regions again depending upon the
calculated secondary conditions, Since the LOFTTR2 program has been validated
against the LOFTTR] program, the LOFTTRZ program is also appropriate for
performing licensing basis SGTR analyses.

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

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

A, QResign Basis Accident

The accident modeled is a double-ended break of one steam generator tube
located at the top of the tube sheet [
The location of the break [

:]“ﬁt was also assumed that loss of offsite power occurs at
the time of reactor trip, and the highest worth control assembly was
assumed to be stuck in its fully withdrawn position at reactor trip,

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

te bt[:
T the mi115tone

Unit 3 plant has one main steam pressure relieving valve (MSPRV) and one
main steam pressure relieving bypass valve (MSPRBV) for each steam
generator. The MSPRVs provide automatic pressure relief capability, but
the manual operation of the valves 1s not seismically qualified. The
MSPRBVS do not have automatic pressure relief capability, but provide 2
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 would bo[:

j"ﬁmvor. based on
previous sensitivity studies for four-loop plants, the limiting single
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farlure may bo[:_

:n‘c

The Millstone Unit 3 AFW system consists of two motor-driven pumps, and
one turbine-driven pump with a capacity equa) to the combined capacity
of the two movor-driven pumps. Each motor-driven pump normally feeds
two steam generators and the turbine-driven pump feeds all four steam
generators. There are two AFW flow control valves for each steam
generator, one in the flow path from the motur-driven pump and one in
the flow path from the turbine-driven pump. There 15 2150 an isolation
valve in series with the control valve in each AFW flow path. The Afw
flow control 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 fsulating the AFW flow to the ruptured steam generator,
the operator would first close the “lev control valve in each of the
flow paths to the ruptured steam gennrator, and then if the flow does
not decrease, the operator would immediately close the corresponding
isolation valve, Thus, a single failure of a ruptured steam generator
flow control valve to close would not require signif cant 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
fatlure was assumed to be [ e
@,

This fatlure increises the time required to perform the RCS cooldown,
which results in additiona) primary to secondary leakage and decreases
the margin to steam generator overfill,

Lonservative Assumptions

Sensitivity studies were performed previously to identify the initi?l
plant conditions and analysis assumptions which are conservative
relative to steam generator overfill, and the results of these studies
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were reported in Reference |. The conservative conditions and
assumptions which were used in Reference | were also used in the LOFTTR?
analysis to determine the margin to steam generator overfill for
Millstone Unit 3 with the exception of the following differences

1. Reactor Trip and Tyrbine Runback

A turbine runback can either be initiated automatically or the
operator can manually reduce the turbine load following an SGTR to
attempt to prevent a reactor trip. For the reference plant analysis
in WCAP-10698, reactor trip was calculated to occur at approximately

[:T f:f!%a turbine runback to[: i :]‘“‘
was simulated based on a runback rate of[: :]NTHQ effect
of turbine runback was conservatively simylated by [;

2 aouovor. if reactor trip

occurs‘prior toE murbino runback to[:

would not be possible. It is noted that earlier reactor trip
will result in earlier initiation of primary to secondary break flow
accumylation in the ruptured steam generator and earlier initiation
of AFW flow. These effects will result in an increased secondary
mass in the ruptured steam generator at the time of isolation since
the isolation 1s assumed to occur at a fixed time after the SGTR
occurs rather than at a fixed time after reactor trip. It would be
overly conservative to include the simulation of turbine runback to

[: :Iﬁt addition to the penalty in secondary mass due to

earlier reactor trip. Thus, for this analysis, the time of reactor
trip was determined by modeling the Millstone Unit 3 reactor

protection system, and turbine runback was simulated
oL
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2. Steam Cenerator Secondary Mass

at
A[ Jim’tu\ secondary water mass in the ruptured steam
generator was determined by Reference | to be conservative for
overfill., As noted above, turbine runback was assumed to be
initiated and was simulated bv[:
:]~ he initial steam generator total fluid
mass was conservatively assumed to be

e
3. AfM System Operation

For the reference plant analysis in WCAP- 0698, reactor trip
occurred on[ :]“"
after the S&IB. and SI was initiated on low pressurizer pressure at
[: ‘:]aftcr reactor trip. The reactor and turbine trip and the
assumed concurrent loss of nffsite power will result in the
termination of mair feedw flow and actuation of the AFW system.
The SI signal will also result in automatic isolation of the main
feedwater system and actuation of the AFW system. The flow from the
turbine-driven AFW pump will be available within approximately

10 seconds following the actuation signal, but the flow from the
motor-driven AFW pumps will not be available unti) approximately

60 seconds due to the startup and load sequencing for the emergency
diesel ~~nerators. For the reference plant analysis, it was assumed
that AFW flow from both the turbine and motor-driven pumps 1§ sk
mnmod[ ] The
total AFW flow from all of the AFW pumps was assumed to be
distributed uniformly to each of the steam generators until operator
actions are simulated to throttle AFW flow to control steam
generator water level in accordance with the emergency procedures.
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stopped. Since leakage from the primary side will continue after S
flow is stopped until RCS and ruptured steam generator pressures
equalize, an "excess" amount of inventory is needed to ensure
pressurizer leve: remains on span. The "excess” amount reguired

depends 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 pressurizer spray
1f the reactor coolant pumps (RCPs) are running. Mowever. :ince
offsite power 15 assumed to be lost at the time of reactor trip. the
RCPs are not running and thus normal pressurizer soray 15 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
that a pressurizer PORY is used for the R.S depressurization for
this analysis.

Terminate SI to stop primary to secondary |eakage.

The previous actions will have established acequate RCS subcooling,
4 secondary side heat sink, and sufficient reactor coolant inventory
to ensure that SI flow is no longer needed. When these actions have
been completed, S1 flow must be stopped to terminate primary to
secondary leakage. Primary to secondary leakage will continue after
SI flow is stopped until the RCS and ruptured steam generator
pressures equalize. Charging flow, letdown, and precsurizer heaters
will then be controlled to prevent repressurization of the R(CS and
reinitiation of leakage into the ruptured steam generator.

Since these major recovery actions are modeled in the SGTR analysis, 1t
is necessary to establish the times required to perform these actions.
Although the intermediate steps between the major actions are not
explicitly modeled, it is also necessary to account for the time
required to perform the steps. It is noted that the total time reguired
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