


EXECUTIVE SUMMARY

Integrity Analyses have been performed as part of the Indian Po

st

ntainment Margin Improvement Program. The objective of the progr

was to provide containment integrity analysis results using the current Indi

Point Unit 3 specific information and new more realistic models. In this way
the licensing basis for Unit 3 is clarified and updated, and pressure margir
for operation of Unit 3 has been determined and thus made available for

possible future use.

The results of the analysis ensure that the pressure inside containment will

remain below the containment building design pressure if a Loss-of-Coolant-
rant

Accident (LOCA) or a rupture of main steamline pipe (MSLB) inside containment

.

lant operation. The peak calculated pressure for the
.

events respectively are 40.3 psig and 42.42 psig. The
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1.0 INTRODUCTION

Containment Integrity Analyses are performed during nuclear plant design to
ensure that the pressure inside containment wi ' remain Lelow the containment
building design pressure if a Loss-of-Coolant-A:cicent (LOCA) or & rupture of
main steamline pipe (MSLB) inside containment should orcur during plant
operation. The analysis ensures that the conteinment heat remova) capability
{s sufficient to remove the maximum possible discharge of mass and energy to
containment from the Nuclear Steam Supply System without exceeding design
pressure. The analysis can also be used as 2 basis for the contzinment leak
rate test pressure to ensure that dose 1imits will be met in the event of
release of radioactive material to containment.

1.1 LOCA BACKGROUND

The most 1imiting analysis case for Containment Integrity for LOCA, the double
ended pump suction guillotine break case, currently described in the Indian
Point 3 FSAR was originally performed by Westinghouse in 1874. The methods
used in determining the LOCA mass and energy releases are described in
Reference 1. The Containment pressure calculetion was done with the COCO
computer code (Reference 2). The peak pressure from this calculation was 40.6
psig, which is well below the containment design pressure of 47 psig.

Subseguent analysis was performed by Westinghouse in 198 (Reference 3) for
justification of an increase in maximum norme] operation of containment
temperature to 130 degrees Fahrenheit and in 1987 (References 485) to
investigete margins in the containment fan cocler heat remcval system. For
these snalyses the same mass and energy releases were used as the 1574 FSAR
analysis. The COCO computer code was also used, but with input modified to
reflect the conditions under study.

In 198, Westinghouse provided results of analysis performed using recently
computed bounding Indian Point Unit 2 specific mess and energy information end
new more realistic computer models to be used as & justification of continued
operation for Indian Point Unit 3 (Reference 6). The mass and energy models
utilized ere discussed in Reference 7.
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1.2 WMSLB BACKGPOUND

The containment response to & steam line break has been found to be dependent
upon several factors including break size, power leve! s'ngie failure
assumption and containment wall heat transfer modelling. he original FSAR
steamline break limiting case was & fu') double-ended break (3.687 ftz for
each end) at 0 % power end included failures of the main steamline non-return
velve and one train of safety injection and conteinment heat removal. The 0%
power assumption was justified besed on the initial inventory of the steam
generators beinp greater at 0% power than 2t higher puwer. The original and
existing FSAR analysis for Main Steamline break was performed in 1870 and
resulted in a2 peak pressure of 41 psig.

In 1886, Westinghouse performed & stucy to support removal of the Boron
Injection Tank. The assumptions used for the mass/energy releases in this
study included 0 % power and multiple equipment failures comparable to those
assumed in the origi-al FSAR analysis. Westinghouse provided & revised Boron
Injection Tank analysis result of 42.83 psig (Reference 6) in 1988. This
analysis did not assume failure of the Main Steam Check Valve (MSCV), but did
assume failure of a containment heat removal train and an SI pump and 30
minute operator action time. This was the most 1imiting case for the 0% power
Tevel analyzed. The initial containment temperature 2ssumed wes 130 degrees
Fahrenheit.

In 1988, Westinghouse provided (Reference B) revised zero power double-ended
analyses for Main Steamline break comparable to the BIT Removal Analysis with
the BIT in service for various failure assumption cases. The limiting cases
from these revised analyses were & diese! failure (peak pressure of 37.78
psig) end MSCV failure (peak pressure of 37.49 psig).

Also in 1988, Westinghouse performed & feesibility study to determine if
removing multiple failure assumptions used in previous analyses would result
in Tower celculated peak pressures without the BIT in service. The intent of
this study was to provide confidence that & more comprehensive study would be
worthwhile in providing additional margin. The study indiceted that
significant pressure benefit could be geined by 2 single feilure study and
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also if the operator action time assumed was reduced to 10 minutes from 30
minutes. The analysis result was 34.98 psig assuming the failure of a single
train of safeguards (e.g., 1 train of SI, and 1 train of containment heat
removal) and 10 minute operator action time. This result could be copares to
e multiple failure case with 30 minute operator action time that exc eded
design pressure and 2 single failure case with 30 minute operator action time
which resulted in a celculated peak pressure of 42.83 psig.

1.3 PURPOSE OF ANALYSES

Numerous design and operational parameters affect the results of Containment
Integrity Anzlysis and the more significant parameters are limited by
Technical Specifications and other administrative controls. The purpose of the
enzlyses described herein is to present the results of a program of analyses
that optimizes the operation at Indian Point 3 with respect to containment
pressure design margin as well as ensures that adequate safety margin is
maintained. This margin can be utilized for future applications, such as:

(2) to offset any future degradetion of Emergency Safeguards Systems, such as
the Containment Heat Removal Systems; or (b) to improve maintenance
efficiency, such as performing work on more than one Emergency Fan Cocler at 2
time. This margin can also be utilized to develop 2 flexible Technical
Specification that could support 2 more flexible operating state.

The objective of the program discussed herein is to provide containment
integrity analysis results using the latest Indian Point Unit 3 specific
information and the new more realistic models (Reference 7) which were invoked
for the May 1988 JCO (Reference €) for Indian Point Unit 3. In this way the
licensing basis for Unit 3 is clarified and updated, and the maximum margin
for operstion of Unit 3 can be determined and thus made availahle for possible
future use.

The anelyses presented in this report address the conseguences of the mass and
energy that is released to containment as & result cf & design basis
Loss-of-Coolant Accident (LOCA) and & design basis main steam)ine break
(MSLE). The mass and energy relesse deta is subsequently used to verify, vis
calculations, that the containment design pressure is not exceeded in the
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event of & LOCA or a MSLB. In this manner, the analysis results demonstrate
that the containment integrity has not been compromised. Section 2.0 and 3.0
present the LOCA and MSLE mass and energy release analysis respectively, and
Section 4.0 and 5.0 discuss the results of the containment integriiy responsa
calculations.

Bounding initial temperatures and pressures for the containment integrity
analysis were selected to envelop the limiting conditions for operation. In
this manner, the most 1imiting conditions for operation at full power (3025
Mi.t) were conservatively chosen.

1.4 MAJOR ANALYTICAL ASSUMPTIONS FOR LOCA

The evaluetion mode! for the long term LOCA mass and energy release
calculations used was the March 1879 mode] described in reference 7. This
evaluation mode! has been reviewed and approved by the NRC, and has been used
in the an2lysis of other dry containment plants.

For the long term mass and energy release calculations, operating temperatures
for the highest average coolant temperature case were selected as the bounding
analysis conditions. The use of higher temperatures is conservative because
the initial fluid evergy is based on coolant temperatures which are at the
maximum levels attc ined in steady state operation. Additionally, an allowance
of +5.0 °F is reflected in the temperatures in order to account for instrument
error and deadband. The initial RCS pressure in this analysis is based on 2
nominal value of 2250 psia. Also included is an allowance of +40 psi, which
accounts for the uncertainty on pressurizer pressure. The selection of

2250 psia as the limiting pressure is considered to affect the blowdown phase
results only since this represents the initial pressure of the RCS. The RCS
repidly depressurizes from this value unti) the point at which it equilibrates
with containment pressure.

The rate et which the RCS blows down is initially more severe at the higher

RCS pressure (2250 psie). Additionally the RCS has & higher fluid density at
2250 psie (assuming e constant temperature) and subsequently has e higher RCS
mess sveilable for release. Thus, 2250 psia initia) pressure was selected as
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the 1imiting case for the long term mass and energy release calculations.
These assumptions conservatively maximize the mess and energy in the Reactor
Coolant System.

The selection of fuel allowance for the long term mass and energy calculation
end subsequent LOCA containment integrity calculetion is based on the need to
conservatively meximize the core stored energy. The margin in core stored
energy was chosen to be +15 percent. Thus, the znalysis very conservatively
accounts for the stored energy in the core.

The bresk locations and sizes analyzed are the Double-ended Pump Suction and
the Double-ended Hot Leg pipe breaks. The Double-ended Pump Suction case has
been the 1imiting containment integrity LOCA break for Indian Point 3 and also
has been the 1imiting break for the post-blowdown period for 211 analyses
completed with the 1379 Mode! (Reference 7) to date. The Double-ended Hot Leg
case is typically the most 1imiting with respect tc blowdown peak pressure and
temperature and can be the most 1imiting overall case if the containment heat
remove] capability can sufficiently mitigate the post-blowdown mass and energy
releases for the Pump Suction break. For the Hot Leg break case only the
blowdown portion of the transient is analyzed, since the containment pressure
guickly decreases following the end of blowdown.

The 1imiting single failure scenerio is the failure of a diesel following 2
loss of offsite power. This scenaric has also been demonstated to be limiting
for all 1979 Mode! analyses because it results in failure .f one train of
containment heat remova] and reduced safety injection capability.

The analysis models employ design-basis input assumptions relative to plant
operation end hardware. Specific input limited by Technical Specifications
will be based on the limiting condition allowed.

Thus, besed on the previously mentioned conditions and essumptions, &
conservative bounding analysis of Incian Point Unit 3 is made for the
discharge of mass and energy from the RCS in the event of 2 LOCA at 3025 Mwt.
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In the case of the containment integrity peck pressure calculations, the
analysis utilizes the COCO [Reference 2) evaluation model. This model has
been successfully used for the other dry containment plants in their FSAR
analyses.

As input to the COCO computer code, LOCA mass and energy relezse rates as
described in Section 2 of this report are used.

1.5 MAJOR ANALYTICAL ASSUMPTIONS FOR MSLB

A series of cases to determine the peak pressures for main steamline breeks
inside containment are investigated. The analysis is performed in steps such
that determination of 1imiting conditions with respect to & single equipment
failure and power are det. -mined. By eliminating &1l break size dependent
items, such as revaporization, non-stagnant wall heat transfer coefficients
and bresk size dependent protection signals, the double-ended ruptures are
pressure limiting. Consideration is elso given to additional berefits such as
reduced valve closure times and reduced feed flashing volume that mey provide
additional margin but also which may affect the limiting break size, the
1imiting failure and the power assumptions.

The LOFTRAN code, Reference 9, is used to generate mass and energy releases
specific to Indian Point 3. The COCO conteinment analysis code, as described
in Section 2 of this report is used to calculate the containment pressure and
temperature time histories.

The following assumptions are utilized for the MSLB analyses:

-  44F Steam Generators with 1.4 th integra) flow restrictors

= BIT Removal - 0 ppm boron concentration in BIT Tank

= Fan Cooler heat remova) based on 95 degrees Fahrenheit Service Water
Temperature
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No entrainment of water in steam blowdown (This is a2 break size dependent
essumption with entrainment above 2 certain break size and no entrainment
below. Therefore, no entrainment is conservatively assumed.)

30 minute operator action time for isolation of auxiliary feedwater to
faulted steam generator

Minimum SI (with a 6 second pure time delay) and Containment Spray
performance charact.iristics consistent with the number of operating trains

Vantege 5 Fuel, which is being loaded in Cycle 7 and up, is modeled.
Reduced Shutdown Margin of 1.3% - for future core design flexibility

SE Tube Plugging levels less than or equal to 24% uniform and asymmetric

The following assumptions are used to determine the Timiting power and single
failure conditions for the determination of the peak containment pressure:

Full Double-ended rupture between the flow restrictor and the containment
wall with effective break ares limited by flow restrictor as appropriste

The operation of SI, RCPs, Feedwater pumps and Containment heat remova)
equipment is consistent with the failure assumption (The most limiting
velues are used.)
Elimination of a1) break size step change dependencies including:

No revaporiration of containment wall condensate assumed

Limiting wall heat transfer coefficients
Credit for Containment Signals only (High 1 and High 2 pressure) for
resctor trip, SI Steamline Isclation and feedwater isolation (By

eliminating a1l break size dependent items the double-ended ruptures are
pressure limiting. Although taking credit for other signals would result
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in improved results, credit for other signals may result in a break size
other than the largest double-ended rupture being more 1imiting in
pressure).

The Feedwater Control Valve (FCV) failure case addresses 1.E. Bulletin
80-04 concerns regarding additiona) feedwater flow due to FCV failure and
feilure of AFW runout protection. Feedwater flow s a function of
pressure in the steam generator is maximized to ! faulted steam
generator and minimized to the intact steam generutors. Maximizing flow
to the faulted steam generator provides more inventory for release and
tends to keep pressures up thereby maximizing blowdown. Initial
assumptions include conservative conditions to bound 1.E. Bulletin B0-04
concerns, including AFW runout. The maximum auxiliary feed runout flow is
450 gpm and is conservatively modeled &s a constant flow.

The following base scope cases are analyzed:

1. 0%, 70%, and 100% power, Main Steam Check Valve (MSCV) failure cases
with offsite power aveilable.

2. 0% and 100% power, diese] failure cases with loss of offsite power
and loss of one train of engineered safeguards.

3. 0%, 30%, 70% anu 100% power, Feedwater Control Valve (FCV) failure
cases and offsite power available.

4, 100% power case with Auxiliary Feed Runout (AFW) failure.

Optional Cases

An investigation and assessment of other ereas of margin is made. The most
1imiting case of the base scope is reviewed tc determine if credit for Primary
or Secondary System trip signels can provide earlier sutomatic actuation times
and improved results. Credit for Primary and Secondary trips/actuations from
signals other than High I and Migh 2 is investigated for the limiting pressure
case. The limiting fu!l double-ended rupture analysis results are reviewed
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for considerztion of enhanced containment wall heat transfer based on break
size consideratiois. This includes turbulent Tagami wall heat transfer and
revaporization of wall condensate. Although teking credit for break size
dapendencies would result in improved results, the m: fels may also result in 2
sma. er break size becoming 1imiting. Additionally, the impact of reduced
operator action time (i.e., 10 minutes) is assessed.

MSLE OBJECTIVE

The obje~tive of the MSLB analysis described herein is to incresse available
margin in peak pressure compared to & design pressure of 47 psig by limiting
f. ‘ures of equipment coincident with the event to a single failure. A program
is outlined which will enable 1imiting conditions to be determined and then be
used to calculate 1imiting results for a broad range of postulated operating
and failure conditions.

The goel is to minimize the number of cases by performing the base scope work
vtilizing a matrix approach and considering only full double-ended breaks,
conservatively calculating peak containment pressure while eliminating el
break size step change depencencies and assuming only one single failure 2t a
time.

Fcllowing the base scope work, optional work is performed to demonstrate
potential additional pressure margin for the limiting peak pressure case.
Conservatisms in the analysis ar« reduced and more appropriate values are used
which show additional margin in pressure. In each case, only the value
examined is modified in the sensitivity analyses. Al] other assumptions and
values remain unchanged from the base scope case in order to provide & true
sensitivity.
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2.0 LONG TERM LOCA MASS AND EAERGY RELEASE ANALYSIS

2.1 INTRODUCTION

This report se.tion presents the long term LOCA mess and energy relesses that
were generated in support of the Containment Margin Improvement program effort
for Indian Point Unit 3. These mass and energy releases are then subseguently
used in the COCO containment integrity analysis peak pressure calculation.

2.2 LOCA MASS AND ENERGY RELEASE PHASES

The LOCA transient is typically divided into four phases:

Blowdown - which inciudes the period from accident initiation (when
the reactor is at ste:’y state operation) to the time that the R(S
reaches initial egquilibrium with containment.

2. Refill - the period of time when the lower plenum is being filled by
accumulator and safety injection water. At the end of blowdown, a
large amount of water remei. in the cold legs, downcomer, and lower
plenum. To conservatively consider the refill period for the purpose
of containment mass and energy releases, this water is
instantaneously transferred to the lower plenum along with sufficient
eccumulator water to completely fill the lower plenum. This allows
an uninterrupted release of mass and energy to containment. Thus,
the refil’ perioc is conservatively neglected in the mess and energy
release calculation.

3. Reflood - begins when the water from the lower plenum enters the core
and ends when the core is completely guenched.
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Post-Reflood (Froth) - describes the period following the reflood
transient. For the pump suction break, & two-phase mixture exits the
core, passes through the hot legs, and is superheated in the steam
gurerators. Aft - the broken loop steam generator cools, the break
flow becomes two shase.

2.3 BREAK SIZE AND LOCATION

Generic studies have been performed with respect to the effect on the LOCA
mass and energy releases relative to postulated break size. The double ended
guillotine break has been fo.nd to be 1imiting due to larger mass flow rates
during the blowdown phase of the transient. During the reflood and froth
phases, the break size has Tittle effect on the releases.

Three distinct locations in the reactor coolant system loop can be postulated
for pipe rupture:

1. Hot leg (between vesse! and steam generator)
2. Cold leg (between pump and vessel)
3. Pump suction (between steam generator and pump)

The break location analyzed and described herein is the double-ended pump
suction guillotine break (10.48 ftz). Pump Suction break mass and energy
relezses have been calculated for the blowdown, reflood, and post-reflood
phases of the LOCA. The following information provides a discussion on each
break location.

The double ended hot leg guillotine has been shown in previous studies to
result in the highest blowdown mass and energy release rates. Although the
core flooding rate would be highest for this break lozation, the amount of
energy released from the steam generator secondary is minima) because the
majority of the fluid which exits the core bypasses the steam generators in
venting to containment. As 2 result, the reflood mass and energy relezses are
reduced significantly as compared to either the pump suction or cold leg break
locations where the core exit mixture must pass through the steam generators
before venting through the break.
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For the hot leg break, there is no reflood pezk as determined by generic
studies (i.e., from the end ¢’ the blowdown period the releases would
continually decresse). Therefore the reflood (and subsequent post-reflood)
releases are not caicuiated for a he leg break. The mass and energy releases
for the hot Teg break blowdown phase have been included in the scope of this
containment integrity analysis.

The cold leg break location has also been found in previous studies to be much
less 1imiting in terms of the overal] containment pesk pressure. The cold leg
blowdown is frster than that of the pump suction break, and more mass is
released into the containment. However, the core heat transfer is greatly
reduced, and this results in a considerably lower energy release into
containment. Studies have determined that the blowdown transient is, in
general, less limiting than the pump suction break. During reflood, the
flooding rate is greatly reduced and the energy relezse rate into the
containment is reduced. Therefore, the cold leg break is not included in the
scope of this report.

The pump suction break combines the effects of the relatively high core
flooding rate, as in the hot leg break, and the addition of the stored energy
in the steam generators. As a result, the pump suction break yields the
highest energy flow rates during the post-blowdown period by including a1l of
the available energy of the Reactor Coolant System in calculating the relesses
to conteinment. This break location has been determined to be the Timiting
break for typical dry containment plants. The analysis of this break location
for Indian Point Unit 3 as the 1imiting bresk is consistent with other dry
containment plants for the post blowdown phase of the event.

In summary then, the analysis of the Timiting break location for a dry
containment has been performed and is shown in this report. The double-ended
pump suction guillotine break has historically been considered to be the
Timiting break location for the post blowduwn phase of the event, by virtue of
its conside. ation of a1l energy sources present in the RCS. The analyses
presented in this document support the _onclusions of the double ended pump
suction (DEPS) as the 1imiting break case for the post blowdown period snd the
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double ended hot leg (DEHL) Break Case for the blowdown phase of the
transient. These break locations provides & mechanism for the release of the
available energy in the Reactor Coolant System, iucluding both the broken and
intact loop steam generators.

2.4 APPLICATION OF SINGLE FAILURE CRITERIA

An analysis of the effects of the single failure criteria has been performed
on the mass and energy release rates for the (DEPS) break. For the DEPS
results presented in this report, an inherent assumption in the generation of
the mass and energy relezses is that offsite power is lost. This results in
the actuation of the emergency diese) generators, required to power the safety
injection system. This is not an issue for the blowdown period which is
limited by the DEHL break.

The limiting case for Indian Point Unit 3 is the minimum safeguards case.

This was determined by prior generic and specific Indian Point 3 analyses. In
the case of minimum safeguards, the single failure postulated to occur is the
loss of an emergency diese! generator. This results in the loss of one pumped
safely injection train and the containment safeguards components on that
diesel, thereby minimizing the safety injection flow. The analysis further
considers the safety injection pump head curves to be degraded by 5%. This
results in the greatest reduction possible for the Emergency Core Cooling
System (ECCS) components.

2.5 MASS AND ENERGY RELEASE DATA

2.5.1 Blowdown Mass and Energy Release Data

The SATAN-V] code is used for computing the blowdown transient, and is the
same as that used for the ECCS calculation in Reference 10. The methodology
for the use of this mode! is described in Reference 7.

Tebles 2-1 end 2-2 present the calculated mass and energy releases for the

blowdown phase of the bresk analyzed for the DEPS and DEHL breaks,
respectively.
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The mass and energy releases for the double-ended pump suction break and the
double-ended hot leg break, given in Table 2-1 and 2-2 terminate 24.8B and 30.3
seconds respectively after the initiation of the postulated accident.

2.5.2 Reflood Mass and Energy Release Data

The WREFLOOD code is used for computing the reflood transient, and is a
modified version of that used in the ECCS calculation in Reference 10. The
methodology for the use of this mode! is described in Reference 7.

An exception to the mass and energy evaluation model described in Reference 7
is taken, in that steam/water mixing in the broken loop has been included in
this analysis. This assumption is justified and is supported by test data,
and is summarized as follows:

The mode! assumes a complete mixing condition (i.e.,thermal eguilibrium) for
the steam/water interaction. The complete mixing process, however, is made up
of two distinct physical processes. The first is a two phase interaction with
condensation of steeam by cold injection water. The second is & single phase
mixing of condensete and injection water. Since the mass and energy of the
stean released is the most important influence to the containment pressure
transient, the steam condensation part of the mixing process is the only part
that need be considered. (Any spillage directly heats only the sump.)

The most applicable steam/water mixing test data has been reviewed for
velidation of the containment integrity reflood steam/water mixing model.
This data is that generated in 1/3 scale tests (Reference 11), which are the
largest scale data available and thus most closely simulates the flow regimes
and gravitational effects that would occur in a PWR. These tests were
designed specifically to study the steam/water interaction for PWR reflood
conditions.

From the entire series of 1/3 scale tests, & group corresponds aimost directly
to conteinment integrity reflood conditions. The injection flow rates for
this group cover a1l phases and mixing conditions calculated during the
reflood transient. The data from these tests were reviewed and discussed in
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detail in Reference 7. For all of these tests, the data clearly indicates the
occur ence of very effective mixing with rapid steam condensation. The mixing
mode! used in the containment integrity reflood calculation is therefore
wholly supported by the 1/3 scale steam/water mixing data.

Additionally, the following justification is also noted. The Timiting break
for the containment integrity pesk pressure analysis during the post-blowcown
phase is the double ended pump suction break. For this break, there are two
flow paths available in the RCS by which mass and energy may be released to
containment. One is through the outlet of the steam generator, the other via
reverse flow through the reactor coolant pump. Steam which is not condensed
by ECC injection in the intact RCS loops passes around the down-omer and
through the broken loop cold leg and pump in venting to containment. This
steam also encounters ECC injection water as it passes through the broken loop
cold leg, complete mixing occurs and a portion of it is condensed. It is this
portion of steam which is condensed that is taken credit for in this

enalysis. This assumption is justified based upon the postulated break
location, and the actual physical presence of the ECC injection nozzle. A
description of the test and test results is contained in References 7 and 11.

The methodology previously discussed and described in Reference 7 has been
vtilized and approved on the Dockets for Catawba Units 1 & 2, McGuire Units 1
& 2, Sequoyah Units 1 & 2, Watts Bar Units 1 & 2, Millstone Unit 3, Beaver
Valley Unit 2 and Surry Units 1 & 2.

Teble 2-3 presents the celculated mass and energy releases for the reflood
phase of the Double-ended Pump Suction break, with minimum safety injection.

R significantly higher discharge occurs during the period the accumulators are
injecting (from 33.3 to 64.9 seconds as illustrated in Table 2-3).

The transient of the principa) parameters during reflood are given in
Teble 2-4 for this bresk case.

"o
1
o
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2.5.3 Posi-Reflood Mass and Energy Release Data

The FROTH code [Reference 1] is used for zomputing the post-reflood
transient. The methodology for the use of this mode) is described in
Reference 7. The mass and energy release rates calculated by FROTH are used
in the containment analysis until the time of containment depressurization.

After depressurization, the mass and energy release from decsy heat is based
on the 1879 ANSI/ANS Standard, shown in Refererce 12, and the following input:

1. Decay heat sources considered are fission product decay and heavy
element decay of U-239 and Np-233.

2. Decay heat power from fissioning isotopes other than U-235 is assumed
to be identical to that of U-235.

3. Fission rate is constant over the operating hittory of maximum power
level.

4. The factor accounting for neutron capture in fission products has
been taken from Table 10 of ANS (1878).

5. Operation time before shutdown is 3 years.

€. The total recoverable energy associated with one fission has been
assumed to be 200 MeV/fission.

7. Two sigma uncertainty (2 times the standard deviation) has been
applied to the fission product decay.

Table 2-5 presents the two phase (froth) mass and energy release data.
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2.6 SOURCES OF MASS AND ENERGY

The sources of mass considered in the LOCA mass and energy release analysis
are given in Tables 2-6 and 2-7. These sources are the reactor coolant
system, accumulators, and pumped safety injection.

The energy inventories considered in the LOCA mass and energy release analysis
are given in Tables 2-B and 2-9. The energy sources include:

1. Reactor Coolant System Water

2. Accumulator Water

3. Pumped Injection Water

4. Decay Heat

S. Core Stored Energy

6. Reactor Coolant System Meta)

7. Steam Generator Metal

B. Steam Generator Secondary Fnergy

8. Secondary Transfer of Energy (feedwater into and steam out of the
steam generator secondary)

In the mass and energy relezse date presented, no Zirc-water reaction heat was
considered because the clad temperature cid not rise high enough for the rate
of the Zirc-water reaction heat to be of any significance.

System parameters needed to perform confirmatory analyses are provided in
Table 2-10.
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The consideration of the various energy sources in the mass and energy release
analysis provides assurance that all available sources of encrgy have been
included in this analysis. Thus the review guidelines presented in Standard
Review Plan section 6.2.1.3 have been satisfied.

The mass and energy inventories are presented at the following times, as
appropriate:

1. Time zero (initial cenditions)

2. End of blowdown time

3. End of refill time

4. End of reflood time

5. Time of full depressurizations

6. End of analysis
The methods and assumptions used to release the various energy sources are
given in Reference 7, except as noted in section 2.5.2, which has been

approved as a valid evaluation mode! by the Nuclear Regulatory Commission.

2.7 SIGNIFICANT MODELING ASSUMPTIONS

The following items ensure that the mass and energy releases are
conservatively calculated for maximum conteinment pressure:

1.  Maximum expected operating temperature of the reactor coolant system
2. Allowance in temperature for instrument error and dead band (+5.0°F)

3. Margin in volume of +3% (which is composed of 1.6% allowance for
therma) expansion, and 1.4% for uncertainty)
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Power level cf 3025 MWt

5. Allowance for calorimetric error (+2 percent of power)

6. Conservative coefficients of heat transfer (i.e., steam generator
primary/secondary heat transfer and reactor coolant system meta) heat
transfer)

7. Allowance in core stored energy for effect of fuel densification

B. Margin in core stored energy (+15 percent)

9. Allowance for RCS pressure uncertainty (+40 psi)
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TABLE 2-1
BLOWDOWN MASS AND ENERCY RELEASES
DEPS

Time BREAX PATH WD . 1 FLOW BREAK PATH MD .2 FLOW
THOUSAND THOUS AND
SECONDS LBw/SEC BTU/SEC LB/ SEC BTU/SEC
© . 0000 0.0 0.0 0.0 0.0
0. 0801 40202 . ¢ 21608 1 22228 11823 ¢
0. 100 40241 .3 21704 & 18828 .3 10138 .4
©.200 44030 . ¢ 24008 8 218618 .7 11887 ©
©.381 4517¢ .9 28037 . 4 22885 ¢ 12223 ¢
©.800 41983 2 24450 .8 22178 .1 11878 .2
1.10 38587 & a3212.7 21014 . 1 11356 ¢
5. 40 30882 .0 19825 85 20398 1 11027 .7
2.20 23233 1 18394 & 19859 2 10839 ©
2.70 21081.9 141138 18967 .9 10288 . %
2.7 18347 1 12831 .6 17282 & 838C .7
4.80 18183 1 11870.2 161168 6237 4
4.90 20872 1 13454 8 14868 1 §102.8
.28 14520 ¢ 10342 1 14188 7 7744 .2
£.78 15831 .7 10800 . 1 13128 .8 7188 &
¢.00 18134 . 8 10082 .4 13276.3 7285 ¢
e.78 18621 .8 12203 1 12847 .8 o922 .3
7.00 23621 8 18284 2 12342 0 788 . 8
7.28% 285185 § 16981 8 12133.7 887 8
e.50 28820 0 18182 ¢ 10812.8 B812.0
928 28111 .2 18721.3 8718 .8 8317.8
$.78 25002 7 18088 « $18e 2 8008 .0
6.0 10811 8§ 8382 1 8279 .9 B8078 4
10.3 8045 .3 6126 4 B214 @ 8038 . 1
10.8 73885 .7 4805 & P4aas 7 $161. 8
1.8 7774 .8 4870 .6 9301 4 8081 . #
12.3 #9228 8se2 1 $201 1 8083 . &
12.8 §8540 2 485% 3 8805 .2 4907 . %
14 .0 8095 3 423% 7 038 .5 44089 9
17.8 3847 0 3310 .2 8272 .6 ;047 7
0.3 82 9 3074 4 42850 0 2380 8
9.3 1983 7 26408 3 3738 .2 w114
22.3 378.3 478 8 1840 4 828 .3
22.8 197 & 245 6 832.2 284 .8
2¢ .8 0.0 0.0 ©.0 0.0
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TABLE 2-2
BLOWDOWN MASS AND ENERCY RELEASES

DEHL

BREAX PATH NOD. 1 FLOW BREAX PATH ND 2 FLOW

THOUS AND THOUSAMD
SECONDS L.‘ SEC ITU‘ sgc L.é sgc IW‘ SEC

0. 0000 0 )
©.0803 43248 9 27081 8 26844 8 10829 ¢
©.100 IR 210207 re002 § 186123
0.280 20728 0 19884 3 207137 12648 7
0.800 20204 0 19280 & 18278 0 10784 .3
1.10 29177 8 18784 7 18476 ¢ 9208 8
1 20804 2 18885 1 19802 ¢ pi1E B
2.40 28620 1 17680 2 17863 & 9408 1
3. 30 22081.0 18380 2 17830 8 8355 8
& 20 20020 © 13941 © 18969 3 #0832 1
525 20088 8 13001 3 18838 . & 8812 7
® 00 20732 8 13085 © 14827 ¢ 7820 4
e 28 12101.9 8836 8 14082 3 70462 4
e 14179 9 10280 ¥ 19882 8 7404 9
7.78 18988 § 111779 11474 8 8226
8.00 192718 122088 § 11104 @ 6137.0
0. 28 27970 3 17888 © 10785 8 B84 O
®. 50 25838 3 18005 2 103817 5788 7
$.00 29617 9 18003 23 ARS8 $2832 3
10.0 20227 .9 18682 1 7802 .3 4398 7
1.0 24813 4 14884 1 @361 ® 256 3
1.3 18815 @ P0O0S 1 8030 2 3480 2
11.8 182218 88162 8738 0 2354 §
19.8 TR €719 2 8409 1 3240 ¢
12 0 9003 4 845 2 8318 7 3184 9
13.8 10378 . ¢ 0888 2 4860 § 2780 1
14.3 P87 8 8588 1 €184 4 28676 7
14 8 7344 7 8290 © eE O 2360
8.0 8950 ¢ B8OS4 2 2816 8 1668 &
"6 4238 7 €038 4 2620 6 1745 9
19 6 1412.8 1888 7 1422 1 1228 1
21.0 805 & 1025 2 1082 3 1028 3
23.8 247 8 323 8 192 7 238 ¢
203 4407 $53.3 197.2 240
2 3 0.0 0.0 0.0 0.0
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TABLE 2-3
REFLOOD MASS AND ENERGY RELEASES

Time BREAK PATH NO. 1 FLOW  BREAK PATH WD 2 FLOW
THOUS AND THOUS AND
SECONDS LBM/SEC BTU/SEC Lt/ SEC BTU/SEC
24 8 00 0.0 0.0 00
28 2 0.0 0.0 206 ¢ %0
28 7 00 00 208 4 8.0
26 W0 4 0 206 « 1% 0
20 1 12 1 162 208 « 8.0
27 0 52 ¢ 83 2 208 4 "
3 & 130 © 183 3 206 4 6.0
22 8 188 7 103 8 205 4 "0
33 8 268 2 200 ¢ 2100 © 321.8
34 9 378 3 ses - 2727 4 R
e 378 & ads 3786 1 833 8
9 ase © €21 1 %22 7 803 & |
a1 9 34E & 408 § 3 588 © |
a5 9 326 ® ase | 2501 2 IR |
& 9 310 2 06 8 018 & 538 8 |
83 205 & 368 8 2040 & g4 7 |
£7 8 283 1 334 8 2087 © e |
T 280 2 330 9 e 2 a7 |
80 § 274 8 324 2 2692 © 480 4 |
8 o 203 3118 2681 7 482 7 |
T 382 0 428 © 341.3 188 7
o8 0 424 3 802 & 364 § 274 4
TR 4112 4be b 258 2 218 8
87 % 340 & 402 § 220 % 175 &
s 0 319 0 377 .9 321 8 03 8
#8 314 8 371 7 219 7 181 8
107 8 298 2 380 1 312 .8 151 8
118 8 207 € 339 8 206 8 147 .3
1219 285 0 326 & 312.9 168 2
178 9 285 © 336 7 324 ¢ 147 3
178 265 § 337 3 341 € 148 8
148 8 264 3 335 § 280 & 180 4
162 & 200 & 331 8 31 2 1518
196 6 264 7 312 8 426 © 152 4
1718 262 & 310.0 430 8 152 .8



TABLE 2-4
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TABLE 2-5
POST-REFLOOD MASS AND ENERGY RELEASES

0641 x 1D/0B0BEE

Time BREAE PATH MO Y FLOVW BREAN PATH MO 2 FLOW
THOUS AMND THOUS AT

SECONDS L SEC BTU/SEC LB/ SEC BTU/SEC
171 .0 1906 a2e 3 82 8 174 ¢
17 ¢ "e 4 22¢ 2 €37 .3 176 .2
we e %: 0 227 0 G40 174 &
201 .8 1786 .8 218 2 | 1 174 %
2218 16 © 08 © 683 ¢ 176 .8
231 2 3 201.0 [ 3 17¢ . ©
% ¢ "2 iwe B ote & 17¢ ¢
00 0 183 ¢ 1he 2 a2 771
05 0 150 .9 1m%e 1 €70 8 177 .4
e ¢ 1ae 2 3.t €72 .8 177 .8
FI AN 148 ¢ 1z 8 e 0 17 ¢
06 ¢ b N 158 5 [ L1 17¢ .3
;e "o 3 e s [ "2 176 ¢
311 8 %o 7 8 0 £71.0 177.7
sie e 145 5 182 1 872 3 1779
st 8 148 ¢ "o 2 [ 3N 17¢ &
268 8 147 0 180 .3 ee 7 17¢ 1
371 8 148 © 7% © e’ 0 174 8
37e 0 148 © 17¢ .1 e7s 7 174 .1
FTAN 148 © 177 .8 8¢ 7 172.%
411 8 148 © 177.8 ee 171.7
420 & 144 & 177.2 877 .2 174 1
7718 144 & 77 2 e77 .2 174 .1
7719 81 4 ¥ 0 740 4 0 0
a0t @ 80 7 e 2 7414 "W

| 3l N 7.2 e & T42 8 1o 0

| [ 1 3N 7 2 | 742 @ 1978 .7
| L 77.¢ | TN 44 2 177 .4
W0eT ¢ 77 8 | TN ) T44 2 177.4
10082 © T4 @ (L] 768 % ot
MWOO © 85 5 e 2 108 1 3293
W00 1 4 0 | 7 ti9.0 i
10000 © 338 3 ¢ 127 ¢ 206
100000 © 7.8 208 143 1 23.3
1000000 © 2.2 | N & 182 4 o



TABLE 2-6
MASS BALANCE -~ DEPS

TIME (SECOMDS ) 0.0 T $6. 78 ARAN 3 T B0 ORT B4 3800 OO
BASS (TMOUSMD L)

INITIN IN RCE AND ACC 28 7 72077 28 7Y Tie 77 e 7Y 728.77 728 .77
ADOED WASS PAPED TaECY 10N ¢ ©.00 [N 196.27 $12 43 THO 44 1108 BE
TOTAL ADDED o o0 0. 00 o o 119.27 #1243 THO 46 1108 B8

wer  TOVAL AVAILABLE  were TR T 720 .77 72877 BAE 04 1342 .20
DISTRIBUTION REACTOR COOLANY 828 72 &4 01 o 24 19 8 19 8 120 84 i B4
AOCURS)LATOR 200 08 150 s 134 .23 [ ©.00 ©.00 ©.00
TOTAL CONTENTS 728 .77 200 47 200 47 19 84 198 84 138 Be 196 54
EFrLUENT BREMC FLOW L 8as 20 82 30 700 B0 1208 .68 1383 ¢7 1788 20
ECCS SPILL L o o0 0 on ¢ o¢ 0. .00 ©.00 o .o
TOTAL EFFLUENT o 00 828 30 826 30 708 DO 12086 .88 1383 .87 1789 .20
ees  TOTAL ACCOUNTABLE se» bt { B 720 77 796.77 BAB 04 1342 .20 1820 21 1928 79

l
t
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TABLE 2-7
MASS BALANCE - DEHL

TIME (SECOMES ) 0. S
RASS (THOUSAND L)
IKITIAL IN BRCS AND ACC

'DDED WASS PUBPED INJECTION
TETAL ADDED
TOTAL AVAILABLE

DISTRIBUTION REACTOR COOLMNT
RCC.MEILATOR
TOTAL CONTENTS

BREA FLOW

ECTS SFILL

TOTAL EFFLUENT
ene TOTAL ACCOUNTABLE w»»»




TINE (SECONDS 0.00 4.7 Fe
ENERGY (WILLION BT
INITIAL EMERGY IN RCS ACC . § QN 817 % 817 %0 87

ADDED EmERGY PUNPED INJECTION 00 ¢ .00
DECAY MEAT o0 7.7

MEAT FROM SECONDAR 78

TUTAL ADDED e

TOTAL AVAILABLE o

DISTRIDU . A REACTOR COOLANT 4y
ACTURLILATOR 87
CORE STORED 17
PRIMARY METAL (1]
SECONDARY METAL 7. 76
STEAR GEWERATOR He
TOTAL CONTENTS

EFFLUENT BREAK FLOW
ECCS SPILL

TOTAL €EF: LJEWNY

sss TOTAL ACOOUNTABLE wee
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INITIAL

TABLE
EMERGY BALANCE - DEHML

TIME (SECONDS )

2-9

EMERGY (MILLION BTU)

EMERGY IN RCS ACC. S GEN

ADDED ENERGY FUMPED IMJECTION

DECAY MEAY
HEAT FROM SECONDAR
TOTAL ADDED

TOTAL AVAILABLE see

DISTRIBUTION REACTOR COOLANY

EFFLUENY

0641x 1D/0608ES

ACOIMOLATOR
CORE STORED
PRINARY METAL
SECOMDARY METAL
STEAR GENERATOR
TOTAL CONTENTS

BREAK FLOW

ECCS SPILL

TOTAL EFFLUENT
TOTAL ACCOUNTABLE wee

817.10

0.00
©.00
©.00
¢.00
817. %0

308 .70

1834
817.10

817. %0

2.
.87

"

187

76
6.
s

27
822

LR

. 1)
LAt

£
8
80
e

817.%

. oo
-~3.07
L )
822 a1

i3s3

157.82

216 80

agd 70

27.82

327 .83
#22 &0



TABLE 2-10
SYSTEM PARAMETERS
FOR 3025 Mwt

PARAMETER

Core Inlet Tempereture 547.6 °F
(includes +5.0°F A)lowance

for Instrument Error and

Deadband)

Initia] Steam Generator Steam Pressure B17.0 psie

Assumed Maximum Containment Back Pressure 61.7 psie
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3.0 MSLE MASS AND ENERGY RELEASE ANALYSIS

3.1 INTRODUCTION

As & part of the Indian Point 3 Containment Margin Improvement Program,
the impact of the Mass and Energy Releases due to the rupture of & main
steam line on containment Pressure Response is analyzed. The analyses
determine if conteinment pressure will remain below the design limit of 47
psig. Conservative assumptions are made to limit the number of cases
needed to identify peak containment pressures. Options] ceses are run to
determine the sensitivity of the limiting case to some of the conservative
assumptions made.

3.2 DISCUSSION

The LOFTRAN computer code, (Reference 9), is used to generate the mass and
energy release to the containment for a2 large double-ended guillotine
bresk. Analysis is done for four plant power levels: 102%, 70%, 30% and
0% power. In addition, & spectrum of single failures is imposed on each
postulated break scenario. The single failures that are assumed ere: 1)
failure of the MSIV and check valve in the faulted loop; 2) failure of the
feedwater regulating valve in tie faulted loop; and 3) failure of
auxiliary feedwater pump runout protection to the faulted loop. The
methodology employed is consistent with Reference 16.

The mass and energy relezses to conteinment are input to the COCO computer
code, (Reference 2), which determines the containment pressure and
temperature response. Important conteinment design and operating
conditions used in the analysis are discussed in Section 4.0,

3.3 SIGNIFICANT MODELING ASSUMPTIONS

Section 1.5 gives many of the major analytice) astumptions used in this
enalysis. Additiona) details are provided below on the trip signals
eveilable and on other important considerations in the analyses.
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For the steamline breax analysis, the following safety features were taken
credit for: reactor trip, steamline isolation, feedwater isolation and
safety injection. These events reduce or terminate the mass and energy
releeses to containment. The signels that normally provide protection are:

1. Reactor Trip

High 1 Containment Pressure (SI)

Overpower Delta 1

High Differential Pressure (S1)

High Steam Flow coincident with Low Steam Pressure (SI)
2. Feedwater Isolation

Due to Safety Injection Signal
3. Safety Injection

High 1 Containment Pressure

Low Pressurizer Pressure

High Differential Pressure

High Steam Flow coincident with Low Steam Pressure

4, Steamline Isolation

High 2 Containment Pressure
High Steam Flow co/ncident with Low Steam Pressure

In this analysis to evoid any break dependency, only High-1l and High-2
were credited. The setpoints which were assumed in the analyses are &s
follows:

1. High-1 Containment Pressure - 5.12 psig

2. High-2 Containment Pressure - 24.6 psig
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The BIT water volume used is 120 ft°, and no boron is in the BIT. The
delay time for delivering the 2300 ppm borated RWST water to the primary
system includes an 18 second deley. This is the delay between when the
process parameters being measured reach the setpoint to the time when the
charging pumps are at full flow. The 18 second delay is composed of a 6
second pure delay and & 12 second linear ramp to full flow. In addition
to this delay, there is an additional delay in delivering borated water to

‘the RCS since there is water which must be purged between the RWST and the

primery system.

The main steamline isolation valve closure time used is 12 seconds. The
12 second time allows for a typical 2 second electronic delay and & 10
second valve stroke time. The overall time of 12 seconds and not the
breskdown is all that is important to the analysis.

The analyses assume 2 10000 fts dead volume to blow down between the
intact sieam generator isolation valves and the break. This assumption
applies when the isclation valves shut and the check valve on the faulted
steam generator has been assumed to fail.

A dead volume of BO0 ft3 is assumed to be available for feedwater
flashing between the feed velves and faulted steam generator feedwater
line inlet.

3.4 WMASS AND ENERGY RELEASE DATA

The MSLE mass and energy releases are shown in Tables 3-1 thru 3-10 for
the following double-ended breaks:

1. 0% power MSCV failure with offsite power available
2. 70% power MSCV failure with offsite power aveilable

3. 100% power MSCV failure with offsite power available
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4. 0% power diesel failure (one engineering safeguards train assumed
lost, RCP's conservatively assumed to continue to operate)

5  100% power diese! failure (one engineering safeguards train
assumed lost, RCP's conservatively assumed to continue to operete)

6. 0% power Feedwater Control Valve failure (FCV) with offsite power
available

7. 30% power Feedwater Control Valve failure (FCV) with offsite
power available

8. 70% power Feedwater Control Valve failure (FCV) with offsite
power available

8. 100 % power Feedwater Control Valve feilure (FCV) with offsite
power available

10. 100 % power Auxiliary Feed Runout failure (AFW) with offsite
power avaiiable

As seen from some of the tables (i.e., Table 3-4), minor flow
perturbations may occur during certain time periods of the transient.
These varistions have been determined to have an insignificant affect on
the resuits. For example, between 234.0 and 2098.0 seconds in Table 3-4
there exists a minor flow oscillation. This is attributed to & minor flow
f'uctustion during steam generator dryout.

As discussed in Section 1.5, an essessment of other ereas of pressure
mergin was made. The most limiting case of the base scope conteinment
response work, as discussed in Section 5.1, was reviewed to determine if
such things as enhanced well heat trensfer, an increased FCV response
time, credit for breask size dependent primary/secondery trips, etc., would
demonstrate additional avenues of pressure margin, The containment

0641x 1D/061288 3-4




response illustrating the sensitivity to these optional items is discussed 4
in Section 5.1. The MSLB mass and energy releases for these additiona) |
cases are shown in Tables 3-11 thru 3-15 for the following cases: |

1. 70% power Feedwater Control Valve Failure (FCV) with offsite
power available assuming & 30 second FIV closure time 2s opposed
to 122 seconds.

|
2. 70% power Feedwater Control Valve Failure (FCV) with offsite l
power available assuming @& reduced feed flashing volume of 260 l
cubic feet (between the SC inlet nozzle and the FIV) a. opposed

to B0O cubic feet.

3. 70% power Feedwater Control Valve Failure (FCV) with offsite
power available assuming the BIT has 20000 ppm boron as opposed
to 0 ppm.

4. 70% power Feedwater Control Valve Failure (FCV) with offsite
power available assuming & minimum, more realistic SI time delay
as opposed to & conservatively long delay.

5. 70% power Feedwater Control Valve Failure (FCV) with offsite
power available assuming & break size of 0.6 square feet eas
opposed to & full double ended rupture. The 0.6 square foot

| break is chosen to approximate the largest break size for which

| entrainment, revaporization, and Tagami could not be credited 2t

| the 70% power level.

\

In eddition, an assessment was mede to determine if crediting primery or
secondary protection setpoints other than containment High-1 and High-2
wiuld provide some margin. The limiting pressuve 70% FCV failure case and
tie 100% power MSCV failure case were examined. It was determined that
nonv of the other protection signals would have provided reactor trip, SI,
or staamline isolation soon enough to alter the results.
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Finally, an zssessment was mede to determine if & 10 minute operator |
artion time versus 30 minutes would affect the pressure margin. In all of
the base scope cases the peak pressure is reached prior to 10 minutes.
Thergfore, 10 minute operitc action makes no difference.
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TABLE 3-1
MSLE MASS AND ENERGY RELEASES
0% POWER MSCV FAILURE
WITH OFFSIT POWER

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC) i

a,C

06415 1D/D50B0E 3-7




06415 1D/D50BEE

TIME
(SEC)

TABLE 3-1 (Cont.)

BREAK FLOW BREAK ENERGY
(LBM/SEC) (BTU/3EC)

3-8



TABLE 3-1 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

a,C

064 15 1D/DS0SES 3-8



TABLE 3-2
MSLB MASS AND ENERGY RELEASES
70% POWER MSCV FAILURE
WITH OFFSITE POWER

TIME BREAK FLOW BREAX ENERCY
(SEC) (LBM/SEC) (BTU/SEC)
e a,c
|
|
|
|
|
i
DB4 15 1D/DSDEES 3-10 |
|



TABLE 3-2 (Cont.)

[ TIME BREAK FLOW  BREAK ENERCY 3

(SEC) (LBM/SEC) (BTU/SEC) ‘

4 b - I
v sanesr d
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TIME
(SEC)

TABLE 3-2 (Cont.)

BREAX FLOW
(LBM/SEC)

3-12

BREAK ENERGY
(BTU/SEC)

a,c




TABLE 3-3
MSLB MASS AND ENERGY RELEASES
100% POWER MSCV FAILURE
- WITH OFFSITE POWER

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (LBM/SEC)

a,c

06415 1D/0S0885 3-13
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TABLE 3-3 (Cont.)

TIME BREAK FLOW  BREAK ENERGY
(BEC) (LEM/SEC) (LBM/SEC)

a,c

064 15 1D70S09ES 3-14 ‘
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TIME
(SEC)

TABLE 3-3 (Cont.)

BREAX FLOW  BREAK ENERGY
(LBM/SEC) (LBM/SEC)

3-15
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TIME
(SEC)

TABLE 3-3 (Cont.)

BREAX FLOW
(LBM/SEC)

3-16

BREAK ENERGY

(LBM/SEC)




S

B4 1D/0S0DEE
?

TIME
(S8EC)

TABLE 3-4
MSLB MASS AND ENERGY RELEASES
0% PONER DIESEL FAILURE
WITHOUT OFFSITE POWER

BREAK FLOW
(LBM/SEC)

3-17

BREAK ENERGY
(BTU/SEC)

a,c



TABLE 3-4 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

OB41x 1D/D50980 3-18



TABLE 3-4 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

D64 1% 1D/DS0RES 3-16




TABLE 3-5
MSLB MASS AND ENERGY RELEASES
100% POWER DIESEL FAILURE
WITHOUT OFFSIVE POWER

TIME BREAK FLOW  BREAK ENERGY
(8EC) (LBM/SEC) (BTU/SEC)

‘.C

¢
|
D561 1D/D50885 J




TABLE 3-5 (Cont.)

TIME BREAX FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

l,C

06415 1D/050888 3-21
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TIME
(SEC)

TABLE 3-5 (Cont.)

BREAK FLOW
(LBM/SE")

3-22

BREAX ENERGY

(BTU/SEC)
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TABLE 3-6
MSLE MASS AND ENERGY RELEASES
O% POWER FCV FAILURE
WITH OFFZITE POWER

TINE BREAK "LOW  BREAK ENEKGY
(BEC) (LBM/S.C) (BTU/EEC)

3-23




TABLE 3-6 (Cont.)

TIME BREAK FLOW  BREAK ENKERGY
(SEC) (LEM/SEC) (BTU/SEC)

aumesand - s

064 15 1D /DSORES 3-2¢
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TABLE 3-6 (Cont.)

TIME BREAK FLOW BREA¥X ENERGY
(BEC) (LBM/SEC) (BTU/SEC)
p .
|
W4 15 1D /DS0BEE 3-25




TABLE 3-6 (Cent.)

TIME BREAK TLOW BREAX ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

et 117 3-26



TABLE 3-7
MSLE MASS AND ENERGY RELEASES
30% POWER FCV FAILURE
WITH OFFSITE POWER

TIME EREAK FLOW BREAX ENERGY
(8EC) (LBM/BLC) (BTU/SEC)
i T la.c
i
|
|
'
| \
| !
%
|
} 1
| |
| :
i |
* i
!
|
ol ol i
954 1% 1D/D5 1088 3-27
|
|
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D412 107051088

TIME
(8EC)

TABLE 3-7 (Cont.)

BREAK FLOW BREA¥ ENERGY

(LBM/SEC) (BTU/SEC)
e W
3-28
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TIME
(S8EC)

TABLE 3-7 (Cont.)

BREAK FLOW
(LBM/SEC)

3-28

BREAK ENERGY
(BTU/SEC)

a,c




TABLE 3-7 (Cont.)

TIME LUREAK FLOW BREAK ENERGY
ol (SEC) (LBM/SEC) (BTU/SEC)
e -
06415 1D/0S 1085 3-30



TABLE 3-7 (Cont.)

BREAK FLOW BREAK ENERGY
(LBM/SEC) (BTU/SEC)

mammen ‘.c
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TABLE 3-7 (Cont.)

TIME BREAK FLOW BREAK ENERGCY
(8EC) (LBM/SEC) (BTU/BEC)
A w—g ,C
D64 15 1D/05 1088 3-32
|

B



TABLE 3-8 \
MSLB MASS AND ENERGY RELEASES
70% POWER FCV FAILURE
WITH OFFSITE POWER

TIME BREAX FLOW  BREAK ENERGY
(BEC) (LBM/SEC) (BTU/SEC)

| D64 15 1D/D5 1088 3-33



TABLE 3-8 (Ceni.)

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

‘,C

06415 1D/051088 3-34




TABLE 3-8 (Cont.)

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

08415 107051089 3-3%

. .




064w 1D/D5 008

TIME
(SEC)

TABLE 3-8 (Cont.)

BREAK FLOY
(LBM/SEC)

3-36

BREAK ENERGY
(BTU/SEC)




TABLE 3-8
MSLE MASS AND ENERGY RELEASES
100% POWER FCV FAILURE
WITH OFTSITE POXER

TIME BREAK FLOW  BREAK ENERGY i
(SEC) (LBM/SEC) (BTU/SEC)

084 15 1D/D5 1089 3-37
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TIME BREAK FLOW  BREAK ENERGY
(8EC) (LBM/SEC) (BTU/SEC)

i
TABLE 3-§ (Cont.) i
1
l
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TABLE 3-8 (Cont.)

TIME BREAK FLOW  BREAXK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
a2, C
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6412 1D/DS108

TIME
(SEC)

TABLE 3-9 (Cont.)

BREAK FLOW
(LBM/SEC)

3-40

BREAK ENERGY
(BTU/SEC)
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TABLE 3-10

MSLB MASS AND ENERGY RELEASES

TIME
(SBEC)

100% POWER AFW FAILURE
WITH OFFSITE POMER

BREAK FLOW  BREAX ENERGY
(LBM/SEC) (BTU/BEC)

3-4]




1 P

D64 1% 107051088

TIME
(SEC)

TABLE 3-10 (Cont.)

BREAK FLOW
(LBM/SEC)

3-42

BREAX ENERGY

(BTU/SEC)




TABLE 3-10 (Cont.)

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBY/SEC) (BTU/SEC)
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06415 1D/0S1088

TIME
(SEC)

MSLB MASS & ENERGY RELEASES
70% POWER FCV FAILURE

WITH OFFSITE POWER
30 SECOND FIV CLOSURE

BREAK FLOW
(LBM/SEC)

3-44

BREAK ENERGY

(BTU/SEC)

a,c

TABLE 3-11



TABLE 3-11 (Cont.)

TIME BREAK FLOW BREAX ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
igg B
|
|
|
:
P54 15 1D/05 1085 3-4%



TABLE 3-11 (Cont.)

TIME BREAX FLOW BREAX ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
[ i 7 )

|
|
|
i
\
|
|
\
i
|
|
\
\
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TABLE 3-11 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(BEC) (LBM/SEC) (BTU/SEC)
o § -

08412 1D/D8 1088 -47




D64 12 1D/05 1088

TIME
(SEC)

TABLE 3-11 (Cont.)

BREAK FLOW
(1LBM/SEC)

3-48

BREAK ENERGCY
(BTU,/8EC)
ez £ -




TABLE 3-11 (Cont.)

TIME BREAK FLOW BREAY ENERGY
(SEC) (LBM/SEC) (BTU/SEC)

C.C
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TIME
(SEC)

TABLE 3-11 (Cont.)

BREAX FLOW
(LBM/SEC)

3-50

BREAK ENERGY
(BTU/SEC)
sy ¢ -




TABLE 3-12 |
MSLE MASS & ENERGY RELEASES 1
70% PONER FCV FAILURE ‘

WITH OFFSITE POWER |
REDUCED FEED FLASHING VOLUME |
\
|
\

TIME BREAK FLOW BREAK ENERGY
(SEC) (1BM/SEC) (BTU/SEC) ‘

8,C

| S— g e
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TABLE 3-12 (Cont.)

BREAK FLOW BREAK ENERGY
(LBM/SEC) (BTU/SEC)

G.C
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TABLE 3-12 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(8EC) (LBM/SEC) (BTU/BEC)

a,c
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TABLE 3-12 (Cont.)
TIME BREAX FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC) _
P 2,¢

B6< s 1D/DS 1089 3-54




TAB.E 3-13
MELB MASS & ENERGY RELEASES
70% PCWER FCV FAILURE
WITH OFFSITE POWER

BIT IN
TIME BREAK FLOW BREAK ENERGY
(BEC) (LBM/SEC) (BTU/SEC)

I.C

L ——

06415 1D/05 1088 3-58%
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TABLE 3-13 (Cont.)

TIME BREAK FLOW BREAX ENERGY

(SEC) (LBM/SEC) (BTU/SEC)

W

3-56




B T

G641 1D/DS 1088

TIME
(BEC)

TABLE 3-13 (Cont.)

BREAK FLOW BREAK ENERCY
(LBM/SEC) (BTU/SEC)

a,C

3-57




TABLE 3-13 (Cont.)

BREAK FLOW  BREAK ENERGY
(BEC) (LBM/SEC) (BTU/SEC)

a,c
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TABLE 3-13 (Cont.)

TIME BREAK FLOW BREAX ENERGY
(S8EC) (LBM/SEC) (BTU/SEC)
TEaAL

| 06415 107081009 3-58
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TABLE 3-14
MSLE MASS & ENERGY RELEASES
70% POWER FCV FAILURE
WITH OFFSITE POWER
MINIMUM S1 TIME DELAY

TIME BREAK FLOW BREAX ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
e U P
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TABLE 3-14 (Cont.)

TIME BREAK FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
e ey e,C
i
!
|
i
|
E

|
6415 1D/051089 3-61



TABLE 3-14 (Cont.)

TIME BREAK FLOW BREAKX ENERGY
(BEC) (LBM/SEC) (BTU/SEC)
e sy -

86475 1D/D5 1088 3-62




TABLE 3-14 (Cont.)

TIME BREAX FLOW BREAK ENERGY
(8EC) {LBM/SEC) (BTU/EEC)
Mgy 1.t

i

|

|

l
| |
| |
| |
s +
| |
| |
|

|

|

\

|

|

|

1

i

0641 x 1D/08 1088 3-63 |



TABLE 3-14 (Cont.)

TIME SPEAX FLOW BREAK ENERGY
(S8EC) (LEM/SEC) ('TU/BEC.L_‘

a,c
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TABLE 3-15
MSLE MASS & ENERGY RELEASES
70% PONER FCV FAILURE
WITH OFFSITE POWER
0.60 SQUARE FOOT BREAK

TIME BREAX FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/8EC) B
a,c

»

i

|

|

1

|

|

1}

|

i

|

|

|

i

|
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TABLE 3-15 (Cont.)

TIME BREAX FLOW  BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
proe .t
i
1
i
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TABLE 3-15 (Cont.)

TIME BREAX FLOW  BRIAK ENERGY
(8EC) (LBM/SEC) (!TU/SEC)__
a,cC

1



TABLE 3-15 (Cont.)

TIME BREAK FLOW  BREAK ENERGY
(SEC) (LBM/BEC) (BTU/SEC)
a,C
|
|
|
|
S— pumo— }‘
1
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TABLE 3-15 (Cont.) !
|
TIME BREAK PLOW  BREAK ENERGY |
O (SEC) (LBM/SEC) (BTU/SEC)

asay &
|
|
|
i
‘ \
‘
) | o i
| |
| |
| |
06415 1D/D5 1088 3-89 1
f ;
; z
\ \
| |
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TABLE 3-15 (Cont.)

TIME BLEAX FLOW BREAK ENERGY
(SEC) (LBM/SEC) (BTU/SEC)
o g
|
|
|
|
|
|
\
|
i
B854 15 1070851086 3-70



The COCO code has been used and found acceptable to calculate containment
pressure transients for many dry containment plants. Transient phenomena

within the reactor coolant system affect containment conditions by means

of convective mass and energy transport through the pipe break.

For analytical riger and convenience, the containment air-steam-water

mixture is separeted into systems. The first system consists of the

eir-steam phase; the second consists of the water phase. Sufficient

relationships to describe the transient are provided by the equations of ]
conservation of mass and energy as applied to each system, together with

appropriate boundary conditions. As thermodynamic equations of state and

conditions may vary during the transient, the equations have been derived

for a1] possible ceses of superheated or saturated steam and subcocoled or

ssturated water. Switching between states is handled automatically by the
code. The following are the major assumptions made in the analysis:

4.0 LOCA CONTAINMENT INTEGRITY (PEAN PRESSURE) ANALYSIS
4.1 DESCRIPTION OF COCO MODEL
Calculation of containment pressure and temperature transie 's is
accomplished by use of the digital computer code, COCO (Reference [2]).
(2) Discharge mass and energy flow rates through the reactor coclant

system brezk are established from the analysis in Section 2.
(b) For the oiowdown portion of the LOCA analysis, the discharge flow

separates into steam and water phases at the break point. The

saturated water phase is at the total containment pressure, while

the steam phase is at the partial pressure of the steam in the

containment. For the post-blowdown portion of the LOCA analysis,

steam ancd water releases are input separately.

¢
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(c) Homogeneous mixing is assumed. The steam-2ir mixture and the
water phase each have uniform proderties. More specifically,
thermal equilibrium between the air and steam is assumed. This
does not imply therma)l equilibrium betveen the steam-air mixture
and water phase,

(d) Air is taken as an ideal gas, while compressed water and steam
tables are employed for water and steam thermodynamic properties.

(e) The saturation temperature at the partial pressure of the steam
is used for heet transfer to the heat sinks and the fan coolers.

4.2 CONTAINMENT PRESSURE CALCULATION

The following are the major input assump’ions used in the COCO analysis
for the pump suction pipe rupture case with the steam generators
considered as an active heat source for the Indian Point Unit 3 Nuclear
Plant Containment:

1. Minimum safeguards are employed in all calculations, e.g., one of
two spray pumps and three of five fan coolers. Additionally used
are two of two RHR pumps, on: of two recirculation pumps and one
of two RHR heat exchangers providing flow to the core; and two
high head safety injection pumps.

2. The blowdown, reflood, and post reflood mass and energy releases
described in Section 2 are used.

3. Essentia) service water (emperature of 95°F is used for the
component cooling heat wxchanger.

4. The initial conditions in the containment are a tempersture of
130°F and & pressure of 2.5 psig.

5. Containment structurs] heat sinks are assumed with conserstively
Tow heat transfer retes. (See Tables 4-1,4-2)

0B46x 1D/0608ES 4-2




6. The operation of one RHR heat exchanger (UA = 6.1 x 105
Btu/hr-°F) was assumed for core cooling during recirculation.
The component cooling heat exchanger was modeled at 1.08 * 106
Btu/hr-"F per heat exchanger.

7. The essentia) service water flow to the component cooling heat
exchanger was modeled as 7221 gpm, which includes a degradation
of 5% for conservatism. The service water flow basis is
discussed 1n Reference 18B.

4.3 HEAT REMOVAL SYSTEMS

The significant heat removal source during the early portion of the
transient is the structural heat sinks. Provision is made in the
containment pressure transient analysis for heat transfer through, end
heat storage in, both interior and exterior walls. Every wall is divided
into a large number of nodes. For each node, 2 conservation of energy
equation expressed in finite-difference form accounts for transient
conduction into and out of the node and temperature rise of the node.
Tables 4-1 and 4-2 are summaries of the containment structural heat sinks
used in the analysis.

The heat transfer coefficient to the containment structure is calculated
by the code based primarily on the work of Tagami (Reference [13]). From
this work, it was determined that the value of the heat transfer
coefficient increases parabolically to & peak value at the end of blowdown
for LOCA. The value then decreases exponentially to & stagnant heat
transfer coefficient which is a function of steam-to-air-weight ratio.

Tagami presents & plot of the meximum value of h 2t a function of “"coolent
energy transfer speed,” defined as follows:

tote] coolant energy transferred into conteinment
(contzinment volume) (time interve) to peak pressure)
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From this, the maximum h of stee)l is calculated:

0.60

3 2
hMl = 75 gv (4.3-1)
where:
hmax = maximum value of h (Btu/hr ftz 7).
tp = time from start of accident to end of blowdown for LOCA and
steam line isolation for secondary breaks (sec).
v = containment volume (fts).
E = coolant energy discharge (Btu).

The parabolic increase to the peak value is given by:

: R b
oo (% )%, 0 st stp (4.3-2)
P

h t  heat transfer coefficient for steel (Btu/hr ftz "F).
t =  time from start of accident (sec).

For concrete, the heat transfer coefficient is taken as 40 percent of the
value calculated for steel (Reference 19).

The exponential decrease of the heat transfer coefficient is given by:

W -0.05 (t-t,)

s * Pstag * (Pmax ™ Pstag) ®

max | 'stag Ees (4.3-3)

p

0648 1D/0609RY 4-4




2+ 50X, 0 <Xe< .4,

h for stagnant conditions (Btu/hr ftz °F).

steam-to-air weight ratio in containment.

For & large break, the engineered safety features are quickly brought into
operation. Because of the brief period of time reguired to depressurize the
reactor coolant system, the containment safeguards are not a major influence
on the blowdown peak pressure; however, they reduce the containment pressure
efter the blowdown and maintain a2 low long-term pressure. Also, although the
containment structure is not a very effective heat sink during the ini

ant system blowdown, it still contributes significantly &

b

ion phase of post-accident operation, the emergency
water from the refueling water storage tank into
the vessel at refueling wa
tank temperatur ich is less than the temperature of the water
vessel, 1 heat from the core until saturation temperature
reached. uring th irculation phase of operation, water is taken from the
containment sump and yled in the residue] heat removal heat exchanger. The
cooled water is then pumped back to the reactor vessel to absorb more decay
eat. The heat is removed from the residual heat exchanger by component

ling water.

Anpther containment heat removal system is the containment spray. Containment
spray is used for rapid pressure reduction. During the injection phase of
operation, the containment spray pumps draw water from the RWST and spray it
into the containment through nozzles mounted high above the operating deck.

As the spray droplets fall, they absorb heat from the containment atmosphere.

Since the water comes from the RWST, the entire heat capacity of the spra)
from the RWST temperature to the temperature of the containment atmosphere is

aveilable for energy absorption. During the recirculation phase of
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post-accident operation, water can be drawn from the residual heat removal
heat exchanger outlet and sprayed into the containment atmosphere via the
recirculation spray system.

When 2 spray drop enters the hot, saturated, steam-air containment environment
following a loss-of-coolant accident, the vapor pressure of the water at its
surface is much less than the partial pressure of the steam in the

atmosphere. Hence, there will be diffusion of steam to the drop surface and
condensation on the drop. This mass flow will carry energy to the drop.
Simultaneously, the temperature difference between the atmosphere and the drop
will cause the drop temperature and vapor pressure to rise. The vapor
pressure of the drop will eventually become equal to the partial pressure of
the steam, and the condensation will cease. The temperature of the drop will
essentially equa) the temperature of the steam-air mixture.

The eguations describing the temperature rise of a falling drop are as follows:

%T (Mu) = mh, ¢ q (4.3-4)
d (M) =m (4.3-5)
dt

where:
q * hcA ('Ts 7).

m = KgA (P‘ &

v
The coefficients of heet transfer (hc) and mass transfer (kg) are
calculated from the Nusselt number for heat transfer, Nu, and the Nusselt
number for mass transfer, Nu'.
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Both Nu and Nu' may be calculated from the equations of Ranz and Marsha))
(Reference [14]).

Nu = 2+ 0.6 (Re))/2 (pr)1/3 (4.3-6)
Nu' = 2+ 0.6 (Re)!/? (5c)1/? (4.3-7)

Thus, Equations 4.3-4 and 4.3-5 can be integrated numerically to find the
interna] energy and mass of the drop as a function of time as it falls through
the atmosphere. Analysis shows that the temperature of the (mass) mean drop
produced by the spray nozzles rises to & value within 99 percent of the bulk
containment temperature in less than 2 seconds.

Drops of this size will reach temperature equilibrium with the steam-air
containment atmosphere after falling through less than half the available
spray fall height.

Detailed calculations of the heatup of spray drops in post-accident
containment atmospheres by Parsly (Reference [15])) show that drops of el)
sizes encountered in the containment spray reach equilibrium in & fraction of
their residence time in & typicel pressurized water reactor contazinment.
These results confirm the assumption that the containment spray will be

100 percent effective in removing heat from the atmosphere. Nomencleture used
in this section is as follows:

Nomenclature

A * ares.

hc = coefficient of heat transfer.

kg = coefficient of mass transfer,

0648y 1D/0608ES 4-7



= steam enthalpy.

M = droplet mass.

diffusion rate.

Nusselt number for heat transfer.

F3
L

=
=
L

Nusselt number for mass transfer,

o
"

steam partial pressure.

-
"

droplet vapor pressure.

e
-
L

Prandt] number.

heet flow rate.

0
"

Reynolds number.

=
L)
L

1%
"

Schmidt number.

-
"

droplet temperature.

i
"

steam temperature.

t = time,

L
L

internal energy.

The reactor containment fan coolers are & fina! means of heet remove!. The
main aspect of & fan cooler from the heat removal stendpoint are the fan and
the banks of cooling coils. The fans drew the dense etmosphere through banks
of finned cooling coils and mix the cooled steam/air mixture with the rest of
the conteinment atmosphere. The coils are kept at & low tempereture by ¢
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constent flow of cooling water. Since this system does not use water from the
RWST, the mode of operation remains the same both before and after the spray
system and emergency core cooling system change to the recirculetion mode.

With these assumptions, the heat remove) cepability of the contzinment is
sufficient to absorb the energy relesses and stil) keep the maximum calculated
pressure below the design pressure.

4.4 ANALYSIS RESULTS

The results of the analysis show that the meximum celculated containment
pressure for the double-ended pump suction minimum sefeguards breesk cese is
39.8 psig and is 40.3 psig for the double-ended hot leg breesk cese. The
pressure peaks occur at approximately 798.0 seconds and 22.4 seconds,
respectively.

The following plots show the conteinment integrity transient, es celculated by
the COCO code.

Figure 4-1, Containment Pressure Transient - DEPS
Figure 4-2, Containment Temperature Transient - DEPS
Figure 4-3, Containment Pressure Transient - DEHL
Figure 4-4, Containment Temperature Transient - DEML

Tables 4-] anc £-2 show the containment structure! heet sink end materiz)
properties dete used in the analysis, respectively.

The sccident Chronology for the double-ended pump suction loss-of-coolent
sccident is shown in Table 4-3.

4.5 RELEVANT ACCEPTANCE CRITERIA

The LOCA mess end energy enelysis has been performed in eccordance with the
criteria shown in the Stenderd Review Plan (SRP) section 6.2.1.3. In this
analysis, the relevant requirements of Genera) Design Criteria (GDC) 50 and 10
CFR Part 50 Appencix K have been met since the calculeted pressure is less

D64Ex 1D /0B0BES 4-5




than the design pressure, and because a1l available sources of energy have

been included. The sources considered include: reactor power, decey heat,
core stored energy, energy stored in the reactor vessel and internals,
meta’ weter reaction energy, and stored energy in the secondary system.

The containment integrity peak pressure anclysis has been performed in
sccordence with the criteria shown in the SRP section 6.2.1.1.A, for dry PWR
conteinments. Conformance to GDC's 16, 38, and 50 is demonstrated by showing
thet the containment design pressure is not erceeded st any time in the
transient. This enalysis also demonstrates that the containment heat removel
systems function to rapidly reduce the containment pressure and temperature in
the event of a LOCA.

DB4Es ' D/DBOBED 4-10




FIGURE 4-]
CONTAINMENT PRESSURE vs. TIM
LEPS
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FIGURE 4-2
CONTAINMENT TEMPERATURE vs. TIME
DEPS
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FIGURE 4-4
CONTAINMENT TIM-ERATURE vs. TIME
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TABLE 4-1

CONTAINMENT HEAT SINKS

Heat Transfer

Area Thickness
No. Material ftz ft
1 Paint 41302, 0.000625
Stee! 0.0312%
Concrete 1.0
2 Paint 28613, 0.000625
Stee! 0.04157
Conrete 1.0
3 Paint 15000. 0.000625
Concrete 1.0
4 Stainless Stee) 10000. 0.03125%
Concrete 1.0
5 Paint 61000. 0.000625
Concrete 1.0
3 Paint 6875¢. 0.000625
Stee) 0.0417
7 Paint 81704. 0.000625
Slee) 0.0312
g Paint 27948, 0.000625
Stee) 0.02083
g Paint £9800. 0.000625
Stee) 0.015625
10 Paint 3000. 0.000625
Stee) 0.01042
11 Paint 22000, 0.000€25
Stee! 0.01152
12 Paint 10000. 0.000625
Stee) 0.0052
0648 1D/0608EE 4-15
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TABLE 4-2

THERMOPHYSICAL PROPERTIES OF CONTAINMENT HEAT SINKS

Therma)l Conductivity

Volumetr geat Cepacity

Materis) (Btu/hr-ft - °F) (Btus t° - °F)

Paint 0.2083 36.86

Stee’ 26.0 56.35

Stainless Stee) 8.6 56.35

Concrete 0.8 28.8
D646 1D/DB0BES 4-16
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TABLE 4-3

CHRONDLOGY OF EVENTS FOR LOCA - DEPS

t Time (Seconds) Event

0.0 Start of accident

24.8 End of blowdown phase

35.0 Containment fan coolers start

€8.0 Containment sprays start

171.5 End of reflood phase

799.0 Pesk Pressure Reached

2351.3 Sump recirculation starts
I
|
1
f
|
l
1
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0 MSLB CONTAINMENT INTEGRITY (PEAK PRESSURE) ANALYSIS

BASE SCOPE MSLB ANALYS

1¢
]

-

The purpose of the Containment Integrity Main Steam Line Break (MSLB

enalysis is to demonstrate the acceptability of the Containment Safeguards
Systems to mitigate the consequences of & hypothetical rupture of a main
steam 1ine pipe. The impact of steam line break mass and energy relesses
on containment pressure is addressed to assure the containment pressure
remains below its design pressure of 47 psig at the reated 3025 MWt power
conditions.

The LOFTRAN computer program, Reference 9, was used to generate the mass
and energy relessed to the containment. The following plots show the

alals

containment rerponses as calculated by the COCO computer program

Containment Pressure vs. Time at 0 %X Power, MSL:

With Offsite Power

Containment Temperature vs.

o (@
With Offsite Power

A

8 . “ . % ) 9 'S
Containment Pressure vs. Time at 70 % Power, MSCV Failure,

With Offsite Power

ontainment Temperature vs. Time at 70 % Power, MSCV Failure,

With Dffsite Power

Containment Pressure vs. Time at 100 % Power, MSCV Failure,
With Offsite Power

Lontainment Temperzture vs. Time at 100 X Power, MSCV
Failure, With Nffsiie Power

Containment Pressure vs. Time at 0 % Power, Diese) Failure,
Without Offsite Power
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Figure 5-8

Figure 5-9

Figure 5-10

Figure 5-11

Figure 5-12

Figure 5-13

Figure 5-14

Figure 5-15

Figure 5-16

Figure 5-17

Figure 5-18

Figure 5-19

0648 1D/060088

Containment Temperature vs. Time
Failure, Without Offsite Power

Containment Pressure vs
Without Dffsite Power

Containment Temperoture

. Time at

vs. Time

Failure, Without Offsite Power

Containment Pressure vs
Offsite Power

Containment Temperature
With Offsite Power

Containment Prescure vs
With Dffsite Power

Containment Temperature
With Dffsite Power

Containment Pressure -
With Offsite Power

Containment Temr-rature
With Offsite Pcwer

Containment Pressure vs
With Offsite Power

Containment Temperature
With Offsite Fower

Conteinment Pressure vs
With Offsite Power

. Time at

vs. Time

. Time at

vs. Time

. Time at

vs., Time

. Time at

vs. Time

. Time at

5-2

at 0 % Power. Diese)

100 % Power, Diese) Failure,

at 100 % Power, Diesel

0 % Power, FCV Failure, With

2t 0 ¢ Power, FCV Failure,

30 % Power, FCV Failure,

at 30 % Power, FCV Failure,

70 % Power, FCV Failure,

at 70 % Power, FCV Failure,

100 % Power, FCV Failure,

at 100 % Power, FCV Failure,

100 % Power, AFW Failure,



Figure 5-20 Containment Temperature vs. Time at 100 % Power, AFW Failure,
With Offsite Power

The COCO computer code, Reference 2, was used to generate the containment
response. For the MSLE diesel failure case, the containment mode! was
similar to that used for the Long Term LOCA Containment Integrity

Analysis. For the other cases full containment safeguards were used. The
Timiting single failure for pressure consideration was the FCV failure case
which assumed an initia) ambient containment temperature of 130°F, 95°F
service water temperature anc full safeguards of 5 fan coolers and two
spray pumps. The containment peak pressure was calculated to be 42.28 psig
compared to the containment design value of 47 psig. Note that the MSLB
peak pressure is higher than the peak containment pressure for LOCA., The
celculated pressure and temperature time histories for the MSLB cases are
shown in Figures 5-1 thru 5-20. Table 5-1 summarizes the p.2k pressure and
temperature for the MSLE cases.

Based on the analysis performed, the Containment Safeguards Systems are
capable of mitigating the pressure conseguences of 2 hypothetica) rupture
of &8 main steam line break.

5.2 ADDITIONAL INVESTIGATION

An additional investigation of other areas of margin was made. The most
limiting case was reviewed to determine 1f credit for Primary or Secondary
System trip signals can provide eariier automatic actuation times and
improved results. The limiting ful) double-ended rupture anzlysis results
were reviewed for consideration of enhanced containment wall heat transfer
based on break size considerations. This included turbulent Tagami wall
heat transfer and revaporization of wall condensate. Prior to initiation
of fan coolers and containment sprays enhanced heat transfer would cause
the containment pressure and temperature to build up .lower than withoo.
enhanced heat transfer. For cases where the peak pressure occurs late in
time, i.e., later than 500 seconds, elthough not typical, & delay in
actuation of containment spray and fan cooler initiation could result in a
slightly higher containment pressurs. These models typically result in
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reduced pressures but may alsc result in & smaller break size becoming
1imiting. As 2 sensitivity case, 2 0.6 ftz bresk size was modeled for
ihe limiting base scope 70% power FCV failure transient to provide insight
as to what the peak pressure change would be for the largest break size
which could not credit revaporization and enhanced heat transfer.
Additionally, the impact of reduced operator action times (i.e.,

10 minutes) was assessed.

The limiting peak pressure case as illustrated in Table 5-1 is the
Feedwater Control Valve (FCV) Failure Cese at 70% Power with offsite power
available. The pesk pressure for this case is calculated to be 42.28
psig. Following are results of additional sensitivities for this limiting
case:

= 30 SECOND FCV CLOSURE TIME

A 122 second total FCV closure time was utilized ‘n the base run.
Assuming the valve would close in 30 seconds results in a pressure
reduction of 12.1. Because of this, the MSCV case, with a
calculated peak pressure of 38.68 psig, would become the limiting
MSLB case. Therefore, the overall reduction is 3.6 psi.

» REDUCED FEEDWATER FLASHING VOLUME

The feedwater flashing volume is defined as the volume between the
SG inlet nozzle end the last Feedwater Isclation Valve (FIV).
Reducing the volume from 800 cubic feet to a more appropriate
volume of 260 cubic feet reduces the peak pressure by 2.3 psi.

= BORON INJECTION TANK WITH BORON

The base analysis assumed 0% Boron concentration. The effect of
including the tank with 20,000 ppm Boron is a reduction in
pressure of 4.9 psi.
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REDUCED SI TIME DELAY

The peak pressure case assumed a2 6 second S delay followed by a
12 second linear pump ramp to full flow. Reducing this delay to 5
seconds followed by a 6 second linear pump ramp results in no peak
pressure benefit.

TURBULENT TAGAMI WALL HEAT TRANSFER & 100% REVAPORIZATION OF WALL
CONDENSATE

Turbulent Tagami heat transfer is discussed in Section 4.3, A
major thermodynamic assumption that can be made is that complete
revaporization of the saturated condensate occurs under super-
heated containment conditions. For smaller breaks, revaporization
is not typically assumed. Including these effects produces
variations from essentally no change to 2.8 psi depending upon the
failure mode.

Because of & delay in the actuation of the containment sprays due
to the setpoint being reached later and due to the corresponding
reduction in integraied spray heat removal at the time of the peak
pressure, the peak pressure increased slightly for the FCV failure
at 70 percent power case when Turbulent Tagami heat transfer and
100% revaporization were included. Therefore the peak pressure
(without including additional benefits) for the MSLB event is
42.42 psig. Figures 5-37 and 5-38 illustrate the pressure and
temperature time histories for this case.

10 MIN. OPERATOR ACTION TIME

Since a1l of the pressure peaks for the base case calculations
occur before 10 minutes the effect of this is only to increase the
rate of pressure decay after 600 seconds. A separate somputer
calculation was no‘ made to assess this effect.

BREAK SIZE CONSIDERATION

For double-ended breaks or any breaks where sufficient turbulence
in containment atmosphere occurs, enhanced Tagami heat transfer is
applicable. Some of the previously mentioned effects are break
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size dependent, including the Turbulent Tagami heat transfer. If
these break size dependent effects are corsidered then other
factors associated with break size considerations should &lso be
‘onsidered. Based upon available data and engineering judgement
t wes determined that a break size of 0.60 squarz feet should be
evaluated for potential pressure impacts. Tha peak pressure for
this cese was calculated to be 33.55 psig, therefore this
demonstrates that the double-ended break size is limiting for
pressure.

= OTHER SAFETY ACTUATIONS

In evaluating the effect of primary and secondary protection
signals it was concluded that there would be no benefit for the
70% power FCV faiiure case or the 100% power MSCV case because the
High-1 signal is reached before any primary or secondary trip
signals would be reached.

In summary, there is potential pressure margin that can be removed from the
wo--% MSLB base cese if more detailed work is performed and the FIV is
assumed to respond faster.

The purpose of the MSLB analysis and evaluation described in this report is
to show that sufficient margin exists in containment pressure. In order to
obtain the pesk pressure case and to limit the number of cases, all bresk
size dependencies, including Turbulent Tagami heat transfer and 100%
revaporization, were factored out of the base analyses. Because of the
exclusion of this enhanced heat transfer phenomena higher than expected
transient temperatures were observed.

The current MSLB design basis breask size is & full double-ended rupture of
the steam line. Turbulent Tagami and 100% revaporization are considered.
For the double-ended break results described herein, the peak temperature
for the MSCV failure, O% power case is reduced from 378.C degrees
Fahrenheit to 269.9 degrees Fahrenheit when turbulent Tagami heat transfer

UB4Bx 1D/060BES 5-6



end 1004 revapori:ation are included. (See Table 5-2 for the effects of
other cases that included Turbulent Tagami and 100% revaporization.) This
is below the ;resent EQ peak of 287 degrees Fahrenheit (Reference 20).

The times that HI-1 and HI1-2 are reached are utilized in the generation of
the mass and energy releases. These times are determined from the €oco
computer program results. Fu: the base case runs iterations were made to
ensure that a conservative set of values were utilized in the mass and
energy release calculations. No iterations quantifying the effect of
changes in h1-1 and HI-2 were explicitly made for the runs that included
turbulent Tegami and 100% revaporization. For the FCV failure and Diese!
feilure cases only HI-1 is relevant. The time HI-1 was reached for all
failure cases did not change when turbulent Tagami and 100% revaporization
were considered. Therefore there is no impact on the results presented in
this document for these two failure cases whenever turbulent Tagami and
1%0% revaperization were considered. For the MSCV failure case, the tiue
to reach HI-2 is delayed. The impact of this is approximately a 1.3 psi
increase in peak pressure and a 5°F increase in peak temperature (above
those illustrated in Table 5-2 and Figures 5-33 and ).

In order to quantify the effect of MSLB on the containment temperature
transient different break sizes ard types could be considered. For example,
for 2 split break where enhanced containment well heat transfer may not be
epplicable, the peak temperature could approach the double-ended bresk case
result that did not include the enhanced heat transfer. However,
consistent with Reference 17, the duration of the MSLB temperature spike is
$0 short that the thermal capacity of the equipment damps the higher
environmental temperatures, therefore LOCA produces the most severe
equipment cunditions. Westinghouse has performed detailed MSLB analyses,
considering break type, break size, power, single failure, etc., and
equipment thermal lag analyses for a similar application. Although @
detailed comparison of limiting equipment for the similar application and
Indian Point Unit 3 was not made, that evalustion demonstrated that LOCA
produces the most severe equipment qualification conditions when therma)
lag of equipment is considered.
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Table 5-2 illustrates the pressures and temperatures for the MSLE

sensitivity.
Figure 5-21
Figure 5-22
Figure 5-23
Tigure 5-24
Figure 5-25
Figure 5-26
Figure 5-27
Figure 5-28
Figure 5-28
Figure 5-30
Figure 5-31
Figure 5-32
Figure 5-33

Figure 5-34

Figure 5-35

0645 1D/060988

The following plots show the containment response:

Containment Pressure vs. Time at 70 % Power, FCV Failure, Nith
Offsite Power, 3 Second FIV Closure

Containment Temperature vs. Time at 70 % Power, FCV Failure,
With Offsite Power, 30 Second FIV Closure

Containment Pressure vs. Time at 70 % Power, FCV Failure, With
Offsite Power, Reduced Feed Flashing Volume

Containment Temperature vs. Time at 70 % Power, FCV Failure,
With Offsite Power, Reduced Feed Flashing Volume

Containment Pressure vs. Time at 70 % Power, FCV Feilure, With
Offsite Power, BIT In

Containment Temperature vs. Time at 70 % Power, FCV Failure,
Kith Offsite Power, BIT In

Containment Pressure vs. Time at 70 % Power, FCV Failure, With
Offsite Power, Minimum SI Delay

Containment Temperature vs. Time at 70 % Power, FCV Failure,
With Offsite Power, Minimum SI Delay

Containment Pressure vs. Time at 70 % Power, FCV Failure, With
Offsite Power, 0.60 Square Foot Break

Contzinment Temperature vs. Time at 70 % Power, FCV Failure,
With Ofisite Power, 0.60 Square Foot Break

Containment Pressure vs. Time at 0 % Power, MSCV Failure, With
Offsite Power, Credit for 100% Revaporization

Containment Temperature ve. Time at 0 % Power, MSCV Failure,
With Offsite Power, Credit for 100% Revaporization

Containment Pressure vs. Time at 0 % Power, MSCV Failure, With
Offsite Power, Credit for Turbulent Tagami & 100% Revaporization

Containment Temperature vs. Time at 0 % Power, MSCV Failure,
With Offsite Power, Credit for Turbulent Tagami & 100%
Revaporization

Containment Pressure vs. Time et 100 % Power, Diese! Failure,

Without Offsite Power, Credit for Turbulent Tagami & 100%
Revaporization
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Figure 5-36 Containment Temperature vs. Time at 100 % Power, Diese) Failure,
Without Offsite Power, Credit for Turbulent Tagami & 100%
Revaporization

Figure 5-37 Containment Pressure s. Time at 70 % Power, FCV Failure, With
Offsite Power, Credit for Tr bulent Tagami & 100% Revaporizetion

Figure 5-38 Containment Temperature vs. .ime at 70 % Power, FCV Failure,
With Offsite Power, Credit for Turbulent Tagami & 100%
Revaporization
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FIGURE 5-1
CONTAINMENT PRESSURE vs. TIME
0% POWER MSCV FAILURE WITH OFFSITE POWER
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FIGURE 5-2

CONTAINMENT TEMPERATURE vs. TIME
0% POWER MSCV FAILURE WITH OFFSITE POWER
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CONTAINMENT TEMPERATURE vs. TIME

l 70% POWER MSCV FAILURE WITH OFFSITE POWER
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FIGURE 5-5

CONTAINMENT PRESSURE vs. TIME
100% POWER MSCV FAILURE WITH OFFSITE POWER
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FIGURE 5-9
CONTAINMENT PRESSURE vs. TIME
100% POWER DIESEL FAILURE WITHOUT OFFSITE POMWER
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FIGURE 5-14

CONTAINMENT TEMPERATURE vs. TIME
30% POWER FCV FAILURE WI1TH OFFSITE POWEK
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FIGURE 5-15
CONTAINMENT PRESSURE vs. TIME
70% POWER FCV FAILURE WITH OFFSIVE POWER
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FIGURE 5-16
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FIGURE 5-17

CONTAIMMENT PRESSURE vs. TIME
100% POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-18

CONTAINMENT TEMPERATURE vs., TIME
100% POWER FCV FAILURE WI1TH OFFSITE POMER
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FIGURE 5-20
CONTAINMENT TEMPERATURE vs. TI
100% POWER AFW FAILURE WITH OFFSIT
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FIGURE 5-21
CONTAINMENT PRESSURE vs, TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
30 SECOND FIV CLOSURE
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FIGURE 5-22

CONTAINMENT TEMPERATURE vs. TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-23
CONTAINMENT PRESSURE vs. TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
RE[UCED FEED FLASHING VOLUME
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FIGURE 5-24

CONTAINMENT TEMPERATURE vs. TIME
7U % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-25
CONTAINMENT PRESSURE vs. TIME

70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-26

CONTAINMENT TEMPERATURE vs. TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-27

CONTAINMENT PRESSURE vs. TIME

70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-28

LUNTAINMENT TEMPERATURE vs. TIME
70 % POWER FCV FAILURE WYTH OFFSITE POWER
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FIGURE 5-28
CONTAINMENT PRESSURE vs. TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-30
CONTAINMENT TEMPERATURE vs, TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
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FIGURE 5-31 ‘
CONTAINMENT PRESSURE vs. TIME |
0 % POWER MSCV FAILURE WITH OFFSITE POWER |
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FIGURE 5-33
CONTAINMENT PRESSURE vs, TIME
0 % POWER MSCV FAILURE WITH OFFSITE POWER
CREDIT FOR TURBULENT TAGAMI & 100% REVAPORIZATION
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FIGURE 5-

CONTAINMENT TEMPERATURE vs. TIME
0 % POWER MSCV FAILURE WITH OFFSITE POWER
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FIGURE 5-35

CONTAINMENT PRESSURE vs. TIME
100 % POWER DIESEL FAILURE WITHOUT OFFSITE POMWER
CREDIT FOR TURb'LENT TAGAMI & 100% REVAPDRIZATIMW

22.% . /

0. <

17X

15,

12.%

CONTAINMENT FEESSIOr 1P516)

10® ) 102
TIME (SECONDS )

06455 10/0B0BES 5-44




FIGURE 5-36
CONTAINMENT TEMPERATURE vs, TIME
100 % POWER DIESEL FAILURE WITHOUT OFFSITE POWER
CREDIT FOR TURBULENT TAGAI & 100% REVAPORIZATIO
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FIGURE 5-37
CONTAINMENT PRESSURE vs. TIME
70 % POWER FCV FAILURE WITH OFFSITE POWER
CREDIT FOR TURBULENT TAGAMI & 100% REVAPORIZATION
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RE vs. TIME

FIGURE 5-3g
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TABLE 5-1

SUMMARY OF MSLB RESULTS

PEAK PEAK
PRESSURE TEMPERATURE

CASE DESCRIPTION (PSIG) R

MSCY FAILURE, O% POWER 38.39 378.
MSCV FAILURE, 70% POWER 38.32 377.
MSCV FAILURE, 100% POKWER 38.68 377.
CIESEL FAILURE, O% POWER 25.60
DIESEL FAILURE, 100% POWER 31.12
FCV FAILURE, O% POWER 38.75
FCV FAILURE, 30% POWER 38.67
FCV FAILURE, 70% POWER 42.28
FCV FAILURE, 100% POWER 4].398
AFN FAILURE, 100% POWER 28.29
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TABLE 5-2

SUMMARY OF CONTAINMENT PRESSURE SENSITIVITIES

PEAK PEAK
PRESSURE  TEMPERATURE

CASE DESCRIPTION (PSIG) (F)

FCV FAIL., 70% POWER, 30 sec FIV closure 30.17 287.3
FCV FRIL., 70% POWER, reduced flash volume 35.94 287.2
FCV FAIL., 70% POWER, BIT in 37.37 287.3
FCV FAIL., 70% POWER, minimum SI delay 42.28 287.3
FCV FAIL., 70% POWER, 0.60 ft2 break 33.55 257.2
MSCV FAIL., O% POWER, Revap. 37.31 323.8
MSCV FAIL., 0% POWER, Turb.Tagami & Revap. 36.98% 268.8
Diesel FAIL., 100% POWER, Turb.Tagami & Revap. 28.87 237.3
FCV FAIL., 70% POWER, Turb.Tagemi § Revap. 42.42 261.5
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6.0 CONCLUSIONS

Containment Integrity Analyses have been performed as part of the Indian
Point Unit 3 Containment Margin Improvement Program. The objective of the
program was to provide contzinment integrity enalysis results using the
current Indian Point Unit 3 specific information and new more realistic
LOCA models. In this way the licensing besis for Unit 3 is clarified and
updatad, end the maximum pressure mergin for operation of U»it 3 can be
determined and thus made available for possible future use.

The results of the enalysis ensured that the pressure inside containment
will remain below the containment building design pressure if 2
Loss-of-Coolant~ Accident (LOCA) or & rupture of mein steamline pipe (MSLE)
inside containment should occur during plant operation. The pesk pressure
celculated for the Timiting LOCA and MSLE events respectively are 40.3 psig
and 42.42 psig. The design pressure is 47 psig.

The purpose of the analysis and evaluation described herein is to show that
sufficient margin exists in containment pressure for the LOCA and MSLE
events. Because of the exclusion of enhanced heat transfer phenomena
higher than anticipatel transient temperatures were observed for the MSLE
ceses. Whenever assumptions consistent with the current MSLB design basis
were made it was determined that the peak calculated temperature is below
the present EQ peak of 287 degrees Fahrenheit. Furthermore, besed upon
NUREG-0458 and deteailed analyses performed on 2 similar design it is judged
that LOCA produces the most severe environmental conditions for equipment,
and the LOCA results are below the equipment qualificetion limits.
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