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EXECUTIVE SUMMARY

This document is the first submittal of safety analysis results to the NRC in support of Replacement Steam
Generator (RSG) Technical Specification changes for the Virgil C. Summer Nuclear Station (VCSNS).
The Table of Contents lists all topics that will be addressed to support the RSG Technical Specification
changes and reflects the schedule of all planned submittals. As indicated in the Table of Contents, the
topics addressed in this partial submittal are as follows:

. Section 2.1 Design Power Capability Parameters

. Section 3.4 Containment Analyses (LOCA)

® Section 3.5 Steam Generator Tube Rupture Analysis

® Section 3.8 Radiological Analysis

* Section 3.9.8 Application of Leak-Before-Break Methodology

Several submittals are planned to support the RSG Technical Specification changes. As noted in a
previous letter from SCE&G [John L. Skolds to DCD “VCSNS Proposed Schedule for Submittal of
Information Supporting Steam Generator Replacement (REM 6000)", dated June 4, 1992], it is expected
that early submintal of discrete packages of analyses will assist the NRC with meeting SCE&G’s Fall
1994 §G Replacement (SGR) scheduie.

The major submittal in support of SGR is scheduied for 10/29/93. This submittal will contain all
supporting safety analyses and evaluations, the 10CFRS0.92 No Significant Hazards Determination, and
the proposed changes to the VCSNS Technical Specifications which support the RSGs and associated
revised design power capability parameters. The final submittal is scheduled for December 1993 and will
address only the Small Break Loss of Coolant Accident analysis results and associated proposed Technical
Specification changes, if needed.

It should be noted that, where possible, the analyses and evaluations performed to support the RSGs
incorporate the Engineered Safeguards Design Rating ("stretch” power rating) of 2900 MWt core power.
This conservatively bounds the current licensed core power of 2775 MW1 and is used to minimize future
reanalysis for a potential stretch power application. However, it should be emphasized that approval is
not being sought at this time for operation at stretch power.

A summary of the results of the analyses and evaluations contained in this spring 1993 submittal is as
follows:

The analyses and evaluations performed to support the RSGs bound a range of operating conditions for
VCSNS. Four cases are presented which define a range of primary operating temperatures from 572°F
to 587.4°F and a range of steam generator tube plugging levels from 0% to 10%. This will provide
SCE&G with the flexibility to select the appropriate primary temperatures on a cycle-by-cycle basis
necessary to achieve full megawatt electric output and to adjust the temperature as necessary to
compensate for steam generator tube plugging or to perform end-of-cycle T, coastdown.

The resuits of the LOCA containment analysis demonstrate that:

1) For the short term containment response, comprising the reactor building subcompartment
analyses, the current analyses for the steam generator compartment and reactor cavity are shown
to remain bounding. The surge line and spray line mass and energy releases are shown to
increase; however, large margins continue to be maintained between the calculated and design



differential compartment pressures. In summary, the structural integrity of the Reactor Building
subcompartments will be maintained for the RSG and associated changes in plant operating
conditions.

2) For the long term analysis of the Reactor Building integrity, it was determined that the RSGs,
when analyzed at conditions corresponding to the stretch power level of 2912 MWt NSSS, have
a small impact on the Reactor Building pressures and temperatures following a design basis
LOCA. The new calculated peak pressure remains well below the Reactor Building design
pressure, resulting in 2 minimum design margin of 26.4%. In addition, reduced Reactor Building
Cooling Unit performance was assumed in combination with the larger RSGs; the impact of this
is higher Reactor Building temperatures and pressures in the long term. However, these increases
can be accommodated within existing design margins with no impact on plant equipment.

The reactor core and reactor coolant iodine and noble gas fission product activities were recalculated to
support the radiological consequence analyses in FSAR Chapter 15 with the RSGs, revised design power
capability parameters, and transition to VANTAGE + fuel. These fission product activities are utilized
in the calculation of offsite doses presented in Section 3.8.3. Section 3.8.2 provides the specific
VANTAGE+ core, cooiant, and fuel handling accident source terms with a comparison to the
VANTAGE 5 core and to a generic 2900 MWt core.

The Steam Generator Tube Rupture (SGTR) Analysis results are summarized in Table 3.5-2. The
parameters in Table 3.5-2 are for the primary to secondary break flow and the atmospheric steam release
via the faulted steam generator and are based on the VCSNS SGTR sensitivity analysis. These results
can be used to determine the radiological conseguences on SGTR for VCSNS with replacement steam
generators when operated within the bounds of the design power capability parameters. Note that these
results account for Steam Generator replacement, increasing power to the stretch power limit, hot leg
temperature reduction, and Steam Generator Tube Plugging programs and are bounding for operation
within the ranges of parameters listed in Table 3.5-1.

A reconciliation was performed for the recently approved Leak-Betfore-Break (LBB) methodology, WCAP
13206, to incorporate the effects of hardware changes and a potential stretch power application. The
hardware changes include removal of several SG support snubbers, removal of crossover leg whip
restraints, and the replacement of the SGs. The reconciliation of the LBB is contained in WCAP 13605
which is included as Appendix 5 of this document. The results of the calculations performed to reconcile
the elimination of the RCS primary loop breaks for the VCSNS under the new loop configuration and
potential stretch power application demonstrate that the conclusions reached in WCAP 13206 remain
unchanged. Thus, it was concluded that dynamic effects of RCS primary loop pipe breaks need not be
considered in the structural design basis for VCSNS.

In summary, the safety analyses and evaluations provided with this submittal demonstrate acceptable
results in each case, incorporating the revised operating conditions associated with the RSGs.
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2.1 DESIGN POWER CAPABILITY PARAMETERS
2.1.1 Discussion of Parameters

Design power capability parameters were developed for the Virgil C. Summer Nuclear Station (VCSNS)
to encompass both the Delta-75 Replacement Steam Generators (RSGs) and the stretch power level (2912
MWi NSSS). The parameters developed are bounding for the lower power level of 2787 MWt NSSS that
is the current licensed power for VCSNS (Reference 1). For licensing purposes, four parameter cases
were developed in order to examine a range of operating conditions: 0% to 10% steam generator tube
plugging and a vessel average temperature ranging from 572.0°F to 587 4°F. The safety analyses
presented in this submittal considered the case(s) which is most conservative for the specific analysis
areas. The parameter cases are provided in Table 2.1-1 and are explained in detail below.

Cases | and 2, calculated for 0% and 10% Steam Generator Tube Plugging (SGTP), respectively,
incorporate the conservatively low Reactor Coolant System (RCS) Thermal Design Flow (TDF) (92.600
gpm/loop), as well as the current licensed T,,, value of 587 4°F (Reference 1). The TDF of 92,600
grm/loop was selected such that adeguate margin (approximately 8%) exists between TDF and best
estimate predictions of RCS flow, assuming the Delta-75 steam generator with 10% SGTP. The RCS
Best Estimate Fiow (BEF) is based on Delta-75 steam generator hydraulic characteristics, reactor coolant
pump performance curves, and RCS pressure drop data. Cases 1 and 2 are used for those analyses [e.g..
non-LOCA, Departure from Nucleate Boiling (DNB)-related| where high RCS temperatures and low RCS
flow are bounding.

Cases 3 and 4 (0% and 10% SGTP) incorporate TDF and the lowest reactor vessel T, considered,
572°F. The reduced temperature conditions allow for constant operation at reduced temperatures, or end-
of-cycle T,,, coastdown capability. These cases are used for analyses where low vessel inlet temperature
is bounding (NSSS design transients for the cold leg) or where low steam pressure is bounding (e.g..
consideration of pressure drop across the steam generator tubes).

2.1.2 References

1. Virgil C. Summer Nuclear Station Final Safety Analysis Report



TABLE 2.1-1

DESIGN PERFORMANCE CAPABILITY PARAMETERS FOR VCSNS
DELTA-75S REPLACEMENT STEAM GENERATORS ANALYSES

Parameter

NSSS Power, MWt

RCP Power, MWt

Core Power, MWt

Core Bypass Flow, %

RCS Design Pressure, psia

Thermal Design Flow, gpm/loop
Minimum Measured Flow, gpm total
Best Estimate Flow, gpm/loop
Mechanical Design Flow, gpm/loop
Fuel Design

Fuel Peaking Factors

Positive Moderator Temp. Coef., pcm/“F

Parameter

Coolant Temperatures, “F
Core Outlet
Vessel Outlet
Core Average
Vessel Average
Vessei/Core Inlet
Zero Load

Steam Generator
Feedwater Temperature, “F
Moisture Carryover, %
Steam Temperature, °F
Steam Pressure, psia
Steam Flow, million Ib/hr.
Tube Plugging, %

2912

12

2900

89

2250

92,600

283,500

102,600

107,100

Vantage + (V+)
F, =245 F, = 162
+7

High T,,, Cases:
C.": ] CI” -~
621.7 627.7
621.9 621.9
592.8 592.8
587.4 587.4
552.9 552.9
557.0 557.0
440.0 440.0
0.1 0.1
540.4 538.4
966 950
12.84 12.83
0 10

Low T, Cases:
Case 3 Case 4
6135 613.5
607.4 607 .4
577.1 577.1
5720 5720
536.6 536.6
557.0 557.0
4400 4400
0.1 0.1
523.7 §21.7
839 824
12.77 12.76
0 10



3.4 CONTAINMENT ANALYSES

341

3.4.1.1 Long Term LOCA Mass and Energy Releases

Introduction:

Rupture of any of the piping carrying pressurized high temperature reactor coolant water, termed a Loss
of Coolamt Accident (LOCA), will result in release of steam and water into the containment. This, in
turn, will result in an increase in the containment pressure and temperature. In the long term, the
maximum overall pressure and temperature achieved within the containment are of interest. The mass
and energy release rates described in this submittal form the basis of further computations to evaluate the
structural integrity of the containment following a postulated LOCA.

The releases resulting from a spectrum of postulated LOCAs have been computed previously (Reference
1) for VCSNS in its present configuration. These new analyses reflect the changes due to the replacement
steam generators and revised design power capability parameters, as well as reflecting improvements
resulting from more realistic computer modeling.

Description of LOCA Mass and Energy Release Transients:
The LOCA transient is typically divided into four phases:

1. Blowdown - the period of ime from accident initiation {(when the reactor is at steady state operation)
to the time that the RCS pressure reaches initial equalization 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 remains in the cold legs, downcomer, and
lower plenum. For the purpose of containment mass and energy releases, this water is
instantaneously transferred to the lower plenum along with sufficient accumulator water to
completely fill the lower plenum. This allows an uninterniugted release of mass and energy to ‘
containment and is a conservative treatment of the refill period. Thus, the refill period is
conservatively assumed to begin and end at the end of blowdown.

3. Reflood - begins when the water from the lower plenum enters the core and ends when the core is
completely quenched.

4 Post-Reflood (Froth) - describes the period following the reflood transient. For the pump suction
break, a two-phase mixture exits the core, passes through the hot legs, and is superheated in the
steam generators. After the broken loop steam generator cools. the break flow becomes two phase.

Tables 3.4.1-2 through 3.4.1-9 provide tabulations of the long term mass and energy release rates versus
time for all four phases over the spectrum of breaks analyzed.

341




Generic studies have been performed with respect to the effect of postulated break sizes on the LOCA
mass and energy releases. The double-ended guillotine break has been found to be limiting due to larger
mass flow rates during the blowdown phase of the transient. During the reflood and froth phases, the
break size has little effect on the releases.

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

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

The break location analyzed and described herein is the DEPS guillotine break. Pump suction break mass
and energy releases have been calculated for the blowdown, reflood, and post-reflood phases of the
LOCA. In addition, the blowdown phase of a DEHL break has been investigated. The following
paragraphs contain a comparison of the characteristics for each of the potential break locations, and form
the rationale for this selection.

The DEHL 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 location, the amount
of energy released from the steam generator secondary side is minimal because the majority of the fluid
which exits the core bypasses the steam generators in venting to containment. As a result, the reflood
mass and energy releases 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.

For the hot leg break, there is no reflood peak as determined by generic studies (i.e., from the end of
the blowdown period the releases would continually decrease). Therefore the reflood (and subsequent
post-reflood) releases are not calculated for a hot leg break. Only the mass and energy releases for the
hot leg break blowdown phase have been analyzed.

The cold leg break location has also been found in previous studies t0 be much less limiting in terms of
the overall containment peak pressure. The cold leg blowdown is faster 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 for the celd leg is, in general, less limiting than that for the pump
suction break (Reference 2). During reflood, the flooding rate is greatly reduced and the energy release
rate into the containment is also reduced. Therefore, the cold leg brezk analysis is not usually performed.

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
vields the highest energy flow rates during the post-blowdown period by including all of the available
energy of the Reactor Coolant System in calculating the releases to containment. This break Jocation has
been determined to be the limiting break for typical dry containment plants. The choice of this break
location as the limiting break analyzed for VCSNS is consistent with other dry containment plants for the
post-blowdown phase of the event.

In summary, based on previous studies, the DEPS guillotine break has historically been considered to be
the limiting break location for the post-blowdown phase of the event, by virtue of its consideration of all
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energy sources present in the RCS. The analyses presented support the conclusions of the double-ended
pump suction (DEPS) as the limiting break case for the post-blowdown period, considering both the
minimum and maximum safety injection cases. This break location provides a mechanism for the release
of the available energy in the Reactor Coolant System, including both the broken and intact loop steam
generators.

The evaluation model used for the long term LOCA mass and energy release calculations was the March
1979 model described in Reference 2. This evaluation model has been reviewed and approved by the
NRC, and has been used in the analysis of other dry containment plants.

For the long term mass and energy release calculations, maximum operating temperatures at 102% of the
plant’s stretch power capability (2958 MW?t) were selected as the bounding analysis conditions. The use
of higher temperatures is conservative because the initial fluid energy is based on coolant temperatures
which are at the ruaximum levels attained in steady state operation. An allowance of +5.3°F is also
added 1o the icmperatures in order to account for instrument error and deadband. Additionally,
conservative primary/secondary heat transfer coefficients and conservative RCS metal heat transfer
coefficients were selected to maximize the rate of energy transfer,

The initial RCS pressure in this analysis is based on a nominal value of 2250 psia with an allowance of
+50 psia, which accounts for the uncertainty on pressurizer pressure. The resulting limiting pressure
of 2300 psia affects the blowdown phase results only since this represents the initial pressure of the RCS.
The RCS rapidly depressurizes from this value until the point at which it equilibrates with containment
pressure. Use of a high pressure conservatively maximizes the mass and energy releases for two reasons.
First, the rate at which the RCS blows down is initially more severe at the higher RCS pressure (2300
psia); and second, the RCS has a higher fluid density at 2300 psia (assuming a constant temperature) and
subsequently has a higher RCS mass available for release. Thus, 2300 psia initial pressure was selected
as the limiting case for the long term mass and energy release calculations.

A fuel allowance is included in the iong term mass and energy calculation and subseguent LOCA
containment integrity calculation to conservatively maximize the core stored energy. Fuel densification
effects are included. The margin in core stored energy was chosen to be + 15 percent, which is well
above the calculated uncertainty in initial fuel temperature. Thus, the fuel conditions are very
conservative and provide a bounding analysis for 17 x 17 V+ fuel.

The mass and energy calculations were performed for both minimum and maximum safety injection flow
rates.

In summary, the following items ensure that the mass and energy releases are conservatively calculated
for maximum containment pressure:

1. Maximum expected operating temperature of the reactor coolant system
2. Allowance in temperature for instrument error and dead band (+5.3°F)

3. Margin in volume of 3% (which is composed of 1.6% allowance for thermal expansion, and 1.4%
for uncertainty)

4. Nominal power level of 2900 MW1
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S.  Allowance for calorimetric error (+2% of power)

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

7.  Allowance in core stored energy effect of fuel densification
8. Margin in core stored energy (+15%)
9. Allowance for RCS pressure uncertainty (+50 psi)

The initial conditions used in these analyses are summarized in Table 3.4.1-1.

The SATAN-VI code is used for computing the blowdown transient and is the same as that used for the
ECCS calculation in Reference 3. The approved methodology for the use of this model is described in
Reference 2.

Tables 3.4 1-2 and 3.4.1-3 present the calculated mass and energy releases for the blowdown phase of
the DEPS and DEHL breaks, respectively. Break flow time histories from each side of the guillotine
break are tabulated. where Break Flow Path No. 1 represents the flow from the reactor vessel outlet side
of the break, and Break Fiow Path No. 2 represents the flow from the reactor vessel inlet side of the
break. The mass and energy release for the DEPS break and the DEHL break, given in Tables 3.4.1-2
and 3.4.1-3, terminate 19.6 and 18.2 seconds, respectively, after the initiation of the postulated accident.

The WREFLOOD code is used for computing the reflood transient and is a modified version of that used
in the ECCS calculation in Reference 3. The approved methodology for the use of this model is
described in Reference 2.

To enhance the mass and energy evaluation model described in Reference 2, steam/water mixing in the
broken loop has been included in this analysis. This enhancement is justified, as supported by test data,
and its basis is summarized below:

The model assumes a complete mixing condition (i.e., thermal equilibrium) 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 steam by cold injection water. The second is a single
phase mixing of condensate and injection water. Since the mass and energy of the steam 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 (Reference 4) validates the containment integrity reflood
steam/water mixing model. This data is from a 1/3 scale test, the largest scale data available; and it 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, one group corresponds almost directly to containment integrity
reflood conditions. The injection flow rates for this group cover all phases and mixing conditions
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calculated during the reflood transient. The data from these tests was reviewed and discussed in detail
in Reference 2. For all of these tests, the data clearly indicates the occurrence of very effective mixing
with rapid steam condensation. The mixing model used in the containment integrity reflood calculation
is therefore wholly supported by the 1/3 scale steam/water mixing data.

The following justification is also noted. The limiting break for the containment integrity peak pressure
analysis during the post-blowdown phase is the DEPS 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 downcomer and through
the broken loop cold leg and pump before venting to containment, This steam also encounters ECC
injection water as it passes through the broken loop coid leg. complete mixing occurs and a portion of
it is condensed. The condensed portion of steam is credited in the analysis. This assumption is justified
based upon the postulated break location and the actual physical presence of the ECC injection nozzle.
A description of the tests and test results is contained in References 2 and 4.

The reflood methodology described above and in Reference 2 has been utilized and approved by the NRC
for Catawba Units 1 and 2, Indian Point 2 and 3, McGuire Units 1 and 2, Sequoyah Units 1 and 2,
Millstone Unit 3, Shearon Harris, and Beaver Valley Unit 2.

Tables 3.4.1-4 and 3.4.1-5 present the calculated mass and energy release for the reflood phase of the
DEPS break, with minimum and maximum safety injection respectively. Flow time histories from each
side of the DEPS break are tabulated, where Break Flow Path No. | represents the flow through the
outlet of the steam generator and Break Flow Path No. 2 represenis reverse flow through the reactor
coolant pump. A significantly higher mass and energy release occurs during the period the accumulators
are injecting (from 22.3 to 43.8 seconds for minimum and maximum safety injection as illustrated in
Tables 3.4.1-4 and 3.4.1-5). The transient results for the principal parameters during reflood are given
in Tables 3.4.1-6 and 3.4.1-7 for the minimum and maximum safety injection DEPS break cases.

The FROTH code is used for computing the post-reflood transient. The methodology for the use of this
model is described in Reference 2.  The mass and energy release rates calculated by FROTH are
provided for use in the containment analysis and are intended to apply until the time of containment
depressurization.

After depressurization, the mass and energy release from decay heat is based on the 1979 ANSI/ANS
Standard, shown in Reference S, and the following input:

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

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 history.

4. The factor accounting for neutron capture in fission products has been taken from Table 10 of
ANSI/ANS Standard (1979).
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5. Operation time before shutdown is 3 years.

6. 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.

Tables 3.4.1-8 and 3.4.1-9 present the two phase (froth) mass and energy release data for the DEPS break
minimum and maximum safety injection cases. Flow time histories from each side of the DEPS break
are tabulated, where Break Flow Path No. 1 represents the flow through the outiet of the steam generator,
and Break Flow Path No. 2 represents reverse flow through the reactor coolant pump.

The mass and energy release rates calculated by FROTH are used in the containment analysis until the
time of recirculation. Following recirculation, credit was taken for cooling the ECCS fluid via the
residual heat removal system heat exchangers. Tables 3.4.1-8 and 3.4.1-9 do not reflect this credit; see
Section 3.4.3.2 for details.

Mass and Energy Sources:

The sources of mass considered in the LOCA mass and energy release analysis are given in Tables 3.4.1-
10, 3.4.1-11, and 3.4.1-12. 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
341-13,341-14 and 3 4.1-15.

The components included in the mass and energy calculations are:

Reactor Coolant System water

Accumulator water

Pumped injection water

Decay heat

Core stored energy

Reactor Coolant System metal

Steam Generator metal

Steam Generator secondary energy

Secondary transfer of energy (feedwater into and steam out of the steam generator secondary)
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In the mass and energy release data presented, no Zirc-water reaction heat was considered because the
clad temperature did not rise high enough for the energy released by this reaction to be of any
significance. System parameters needed to perform confirmatory analyses are provided in Table 3.4.1-1.

The consideration of the various energy sources in the mass and energy release analysis provides
assurance that all available sources of energy have been included in this analysis and that the guidelines
presented in Standard Review Plan (Reference 17) have been satisfied.

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

1. Tune zero (initial conditions)

2.  End of blowdown time
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3. End of refill time
4. End of reflood time
5. Time of full depressurization

The methods and assumptions used to release the various energy sources are given in Reference 2 (except
as noted previously) which has been approved as a valid evaluation model by the NRC.

Long term mass and energy release rates were computed for a double-ended guiliotine break located in
the pump suction piping. For this postulated break, the releases were computed assuming maximum and
minimum safeguards were operational. In addition, the releases in the first phase of the transient
(blowdown) were computed resulting from a postulated break in ihe hot leg of the RCS. The results of
the computations were similar to those previously calculated (Reference 1). Tables 3.4.1-2 through 3.4.1-
9 summarize the results for the long term releases.
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3.4.1.2 Short Term LOCA Mass and Energy Releases
Intreductio: ;

Reactor Building subcompartment analyses are performed to demonstrate the adequacy of containment
internal structures and artachments when subjected to dynamic localized pressurization effects that occur
during the first few seconds following a design basis pipe break accident. Subsequent to the postulated
rupture, the pressure builds up at a faster rate than the overall containment pressure, thus imposing
differential pressure across the walls of the structure.

This section evaluates the effects of the RSGs and associated design power capability parameters on short
term LOCA mass and energy releases used as input to Reactor Building subcompartment analyses.
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The current licensing basis analyses of short term LOCA mass and energy releases are presented in
Section6.2.1.3.10.2 of the FSAR. The mass and energy releases were generated with the Westinghouse
1975 M&E model (Reference 6) for the following breaks to support subsequent analyses of the reactor
cavity, steam generator, and pressurizer compartments:

150 in® Cold Leg Break (reactor cavity blowdown)
Double-Ended Cold Leg Break

Double-Ended Hot Leg Break

Double-Ended Pressurizer Surge Line Break
Pressurizer Spray Line Break
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Mass and energy releases for these breaks are presented in FSAR Tables 6.2-41 through 6.4-45.

Since completion of the FSAR analyses, a Leak-Before-Break (LBB) Methodology (Reference 7) has been
applied whick eliminates the dynamic effects of postulated primary pipe ruptures from the design basis.
Application of LBB means that the 150 in® cold leg break, DECL break, and DEHL breaks need not be
considered in the structural design basis for the Reactor Coolant System or Reactor Building. Since the
Reactor Coolant System piping has been eliminated from consideration, only the large branch nozzles
must be considered for design verification for any change made to the facility.

The RSGs impact on short term mass and energy releases is expected 10 be very small. However, the
revised design power capability parameters, which support vessel average temperatures ranging from
572°F w 587.4°F at full power, affect the short term mass and energy releases. The decrease in fuil
power operating temperatures will increase the short term mass release rate, which in turn can potentially
cause subcompartment conditions to be more severe. To minimize this impact during the steam generator
replacement, the LBB methodology has been re-examined t incorporate the effects of hardware changes
(RSGs, snubber removal, and pipe whip restraint modification) and changes in the design power
capability parameters. This reconciliation of the LBB for the primary piping (Reference 8) revalidates
the conclusions reached in Reference 7 and is documented in Section 3.9.8. With credit for LBB, mass
and energy releases used for sut compartment design are bounding for the smaller RCS nozzle breaks
(surge line, RHR line, and th 2ccumulator nozzles) in combination with the RSGs and revised operating
parameters.
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The break sizes associated with the surge line, RHR lines and the accumulator nozzles are less than 150
in°. The lower mass and energy releases from the smaller RCS nozzle breaks more than offset the initial
RCS conditions penalties associated with the revised operating parameters. The RHR lines, surge line,
and accumulator lines ae also outside the reactor vessel cavity region and will result in minimal
asymmetrical pressurization in the reactor cavity region. Therefore, considering the break size reduction
with LBB and the proximity of the small breaks relative to the reactor vessel cavity, the current mass and
energy release for the 150 in® break (VCSNS's original licensing basis) can be used to bound the effects
of the RSGs and revised operating parameters.

The break sizes associated with the surge line, RHR lines, and the accumulator nozzles are significantly
less than the double-ended hot and cold leg breaks utilized in the original SG subcompartment analysis.
The lower mass and energy releases from the smaller RCS nozzie breaks more than offset the initial RCS
conditions penalties. Therefore, the current M&E releases for the RCS loop breaks (VCSNS's original
licensing basis) can be used to bound the effects of the RSGs and revised operating parameters.

Surge and spray line breaks are postulated in the pressurizer and surge tank compartments to evaluate
subcompartment pressurization. No break size reduction is possible for these compartments, since the
LBB methodology has only been applied to the large primary piping.

The mass and energy releases from the surge line break are used to evaluate the pressurizer compartment.
These releases are affected by the initial .emperature conditions of the fluid since they are linked directly
1o the critical macs flux which increases with decreasing temperatures. Since the revised design power
capability parameters will allow RCS temperatures to decrease below current design values, an increase
in the surge line mass and energy releases must be evaluated in support of the RSGs.

Based on the change in peak critical mass flux with decreasing temperature, the impact of the RSGs and
revised design power capability parameters can be bounded by increasing the current surge line mass
release rates by 15%. Although not as limiting for the pressurizer compartment, similar considerations
indicate that the release rates for breaks in the spray line can be bounded by increasing the current mass
release by 10%.

Conclusions:

The revised design power capability parameters associated with the RSGs will allow lower operating
temperatures which will tend 10 increase short term mass and energy releases. To offset the impact on
the SG compartments and reactor vessel cavity, Leak-Before-Break is credited to justify that the current
mass ang energy releases for the RCS loop breaks (plant’s original licensing basis) can be used to bound
the effects of the RSGs and revised operating parameters. Increases in surge line and spray line mass
and energy must be considered for the pressurizer compartment to accommodate the reduced operating
temperature. Evaluations conclude that the impact on the pressurizer compartment can be conservatively
bounded by increasing the surge <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>