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6.0 ENGINEERED SAFETY FEATURES

The central safety objective in reactor plant design and operation is control of reactor
fission products. The methods used to assure this objective are:

1. Design of the reactor core in conjunction with the reactor control and protection
systems to preclude release of fission products from the fuel (Chapters 4 and 7).

2. Retention of fission products in the Reactor Coolant System (Chapters 5 and 6).

3. Retention of fission products by the containment for operational and accidental
releases beyond the reactor coolant boundary (Sections 3.8 and 6.2).

4. Limiting or optimizing fission product dispersal to minimize population exposure for
an accidental release beyond the containment (Chapters 2 and 11).

The engineered safety features are the provisions in the plant which embody methods 2
and 3 above to prevent the occurrence, or to ameliorate the effects, of serious
accidents.

6.1 GENERAL

The engineered safety features are:
1. Containment

The reactor building provides a virtually leaktight barrier to the escape of fission
products. Detailed information on the containment is provided in Section 6.2.1.

2. Reactor Building Heat Removal Systems

These systems serve to reduce reactor building pressure and temperature. These
systems are discussed in detail in Section 6.2.2.

3. Reactor Building Air Purification and Cleanup Systems

The function of these systems is to provide air purification and cleanup services to
the Reactor Building. These systems are discussed in Section 6.2.3. | 02-01

4. Containment Isolation System
This system provides containment isolation capability for the various system lines

penetrating the containment. Detailed discussions of this system are presented in
Section 6.2.4.
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Combustible Gas Control System

This system acts to control the concentration of hydrogen, oxygen, and other
combustible gas which may be released to the reactor building to assure
containment integrity. This system is discussed in Section 6.2.5.

Containment Leakage Testing.

Containment leakage testing provisions are discussed in Section 6.2.6.
Emergency Core Cooling System

This system delivers borated water to the reactor core to provide core cooling
following postulated accidents. The boron, together with the control rods provides
sufficient negative reactivity for safe shutdown following design basis accidents.
The Emergency Core Cooling System is discussed in detail in Section 6.3.

Habitability Systems

These systems provide the control room with adequate shielding, air purification,
and climatic control. These systems are discussed in Section 6.4.

Fission Product Removal and Control Systems
The fission product removal systems include the high efficiency particulate air

filters in the Reactor Building cooling system and the control room emergency filter
plenums. This equipment is discussed in Section 6.5.
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6.2 CONTAINMENT SYSTEMS

6.2.1 CONTAINMENT FUNCTIONAL DESIGN

6.2.1.1 Design Bases

6.2.1.1.1 Reactor Building

The safety design basis for the Reactor Building is the requirement that the releases of
radioactive material subsequent to a reactor accident do not result in doses which
exceed the guideline values specified by 10 CFR 50.67. To satisfy this requirement, a
design containment leak rate is specified in conjunction with performance requirements
for the other engineered safety features. The containment must withstand the
temperatures and pressures resulting from a spectrum of postulated loss of coolant
(LOCA) and secondary system pipe break accidents without leakage in excess of the
design leak rate of 0.2% per day. The radiological consequences of the most severe
hypothetical LOCA are presented in Section 15.4.

The Reactor Building design pressure of 57 psig is above the peak calculated pressure
of 53.0 psig resulting from the postulated double ended guillotine rupture (DER) of a
main steam line. The bounding case, the 1.40 ft* DER at 25% power, is conservatively
analyzed assuming an electrical channel A (CH-A) failure resulting in loss of one diesel
generator (DG) and failure to isolate Emergency Feedwater (EFW) to the faulted steam
generator.

The peak calculated Reactor Building temperature is 372.7°F. This peak calculated
temperature results from the postulated 1.4 ft* DER at 102% power, assuming failure of
a main steam isolation valve (MSIV) to close and a safety injection pump to start.

General containment design information is presented in Table 6.2.1. Figures 6.2-68
through 6.2-81 provide additional information on the general arrangement of Reactor
Building structures and components.

6.2.1.1.1.1  Spectrum of Postulated Accidents

Five (5) postulated Reactor Coolant System pipe ruptures and 25 main steam line
breaks have been analyzed to determine the peak Reactor Building pressure and
temperature following an accident. For analytical purposes, it was assumed that each
accident was coincident with loss of offsite power and a failure of at least 1 engineered
safety feature.

The 5 postulated Reactor Coolant System pipe ruptures analyzed are as follows:
1. A double-ended pump rupture of the reactor coolant pump suction (DEPS) with

maximum safety injection and 2 operable trains of the Reactor Building Spray (SP)
System.
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2. A DEPS with maximum safety injection and failure of 1 train of SP.

3. A DEPS with maximum safety injection, 2 operable trains of SP, and failure of 1
train of Reactor Building Cooling Units (RBCU).

4. A DEPS with minimum safety injection and failure of 1 train of emergency diesel
generator coincident with a loss of offsite power.

5. A double-ended hot leg guillotine break (DEHL).

The mass and energy release information used for these enveloping Reactor Coolant
System accidents is discussed in Section 6.2.1.3.10.1. The CONTEMP LT containment
analysis code is used for this analysis and its use is discussed in Section 6.2.1.3.3.1.

The main steam line breaks (MSLB) analyzed to determine both peak reactor building
pressure and peak reactor building temperature are listed in Table 6.2-1a. The mass
and energy release data developed for these breaks is discussed in Section
6.2.1.3.10.3. The main steam line breaks are analyzed using the CONTEMPT LT/26 7!
containment analysis code discussed in Section 6.2.1.3.3.1.

Post accident pressure reduction is accomplished through the operation of the Reactor
Building Spray System and Reactor Building cooling units and by the Reactor Building
structures. The performance of the Reactor Building Spray System and Reactor
Building cooling units is discussed in Section 6.2.1.3.4. Structural heat removal is also
discussed in Section 6.2.1.3.4.

6.2.1.1.2 Subcompartments

The analysis of the pressures existing at any time in the reactor compartment and
steam generator compartment is discussed in Section 6.2.1.3. This analysis is based
upon mass and energy inputs described in Section 6.2.1.3.10. The compartment
volumes and vent openings were obtained from design drawings and are consistent
with the structural capacity of the walls discussed in Sections 3.8.1 and 3.8.3. All vent
areas were calculated based upon "net" cross-sectional flow areas through pertinent
openings in compartment walls and slabs. Net flow area is defined as the gross
opening area minus any obstructions (piping, insulation, etc.), which are located in the
particular opening. No credit was taken for the movement of obstructions or insulation
in the analyses.
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6.2.1.2 System Design

The design features of the Reactor Building and internal structures, as well as general
arrangement drawings, are presented in Sections 3.8.1 and 3.8.3.

The codes, standards, and guides applied to the design of the Reactor Building and
internal structures are included in Sections 3.8.1.2. and 3.8.3.2.

6.2.1.2.1 Design Provisions For Missiles and Pipe Whip

Design provisions are incorporated to protect the Reactor Building structure and
Engineered Safety Features Systems against loss of function from dynamic effects that
could occur following postulated accidents. The integrity of containment is maintained
and functional capability of Engineered Safety Feature Systems is not compromised
following postulated accidents that involve pipe rupture with subsequent pipe whip and
jet impingement, and postulated accidents that involve missile impact. Design
provisions include the following:

1.  Physical separation of the redundant portions of Engineered Safety Features
System.

2. Pipe rupture restraints that limit pipe movement following postulated pipe rupture.

3. Physical barriers, such as walls, floors, backfill, etc., to separate and protect
equipment, as required.

4. Jetimpingement shields, located where required, to protect specific piping or
components from jet impingement from a postulated pipe break.

5. Detailed stress analyses to determine specific cases where provision of a shield or
barrier is not required. This occasionally occurs in the path of low energy jets
where sufficient stress margin is available in the pipe or component design to
tolerate the impact.

Detailed discussion of design provisions for protection against postulated pipe rupture is
presented in Section 3.6.

Detailed discussion of design provisions for protection against the effects of postulated
missiles, both internal and external, is presented in Section 3.5.
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6.2.1.2.2 External Loading

Inadvertent operation of the Reactor Building Spray System can result in a negative
differential pressure in the Reactor Building. The external design pressure of the
Reactor Building is 3.5 psig. Analysis of inadvertent Reactor Building Spray System
operation is discussed in Section 6.2.1.3.6.

The external design pressure for tornado pressure loading is discussed in Section 3.3.
1. Reactor Building Pressure Equalization

A narrow range differential pressure transmitter provides signals for monitoring
Reactor Building internal pressure. Control room alarms are actuated by this
pressure channel when the differential pressure approaches the baseline positive
or negative pressure. Administrative procedures are implemented following the
alarm to adjust Reactor Building pressure to within the required baseline pressure
limits.

2. Inadvertent Reactor Building Spray
During normal operation, inadvertent Reactor Building spray can occur only when
performing the periodic inservice testing of one spray loop. An inadvertent safety
injection signal to the spray loop discharge valve during spray loop test is the worst
single failure.

6.2.1.2.3 Reactor Building Heating, Ventilating, and Air Conditioning System
Functional Capability

The following Reactor Building ventilation systems operate continuously during normal
plant operation to maintain suitable Reactor Building ambient temperature, pressure
and humidity:

1. Reactor Building cooling units.

2. Reactor Building reactor compartment cooling system.

3. Reactor Building secondary compartment cooling system.

4. CRDM shroud cooling system.
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The Reactor Building charcoal cleanup system may operate intermittently during normal
plant operation to maintain suitable radiation levels inside the Reactor Building.

The 36 inch Reactor Building Purge System may be operated during cold shutdown and
refueling to maintain suitable radiation levels inside the Reactor Building. During the
other modes of plant operation (Modes 1-4), the valves are locked closed and operation
of the system is not permitted.

The 6 inch alternate Reactor Building Purge System may be operated up to 1000 hours
per year during modes 1-4, to maintain suitable moisture and radiation levels inside the
Reactor Building.

Details of the operation of these systems are presented in Sections 6.2.2, 6.2.5, 6.5.1
and 9.4.8.

6.2.1.3 Design Evaluation

6.2.1.3.1 Reactor Building Peak Pressure and Temperature Analysis

In the event of a loss of coolant accident, much of the released reactor coolant will flash
to steam. This release of mass and energy raises the temperature and pressure of the
atmosphere within the Reactor Building. A rupture of a main steam pipe produces
similar effects. The severity of the temperature and pressure peaks depends upon the
nature, size, and location of the rupture.

A steam line break yields higher Reactor Building pressure than does a feedwater line
break inside the Reactor Building. The same amount of water is added to the Reactor
Building in each case. However, a steam line break causes the water to be added as
superheated vapor, while a feedwater line break adds liquid with much lower enthalpy to
the Reactor Building atmosphere. The feedwater line break is not considered to be as
limiting as the main steam line break or primary system LOCA and, therefore, was not
analyzed.

6.2.1.3.1.1 Peak Pressure Analysis

In order to identify the worst case, the spectrum of hypothetical LOCA and main steam
line break accidents described in Section 6.2.1.1.1.1, based upon the initial conditions
specified in Table 6.2-2, has been analyzed using the CONTEMPT LT computer
program discussed in Section 6.2.1.3.3.1.

The break resulting in the maximum calculated pressure in the Reactor Building is the
1.40 ft* DER at 25% power main steam line break assuming a CH-A failure. The peak
pressure in the Reactor Building is conservatively calculated to be 53.0 psig, at 1800
seconds following the break.
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The following peak pressure analyses were performed:

1.

Loss of Coolant Accident Analyses

The loss of coolant accidents analyzed; information concerning break type, peak
pressure, and temperature; time of peak pressure; single active failure assumed,;
and energy absorbed by passive heat sinks at the time of peak pressure are
presented in Table 6.2-3.

Figure 6.2-1 presents the calculated pressure as a function of time for the DEPS
break with minimum safety injection.

Figure 6.2-2 presents the calculated pressure as a function of time for the
spectrum of pump suction DEPS break with maximum safety injection.

Figure 6.2-3 presents the calculated pressure as a function of time for the double
ended guillotine hot leg break (DEHL). This case was only run until the time at
which the peak containment pressure is achieved. The break results in the peak
RB pressure (45.1 psig) for the spectrum of LOCAs, and is unaffected with the
reactor vessel upflow modification.

Methods used, initial conditions, and single active failures assumed are discussed
in Section 6.2.1.3.3.

Main Steam Line Break Analyses
Figure 6.2-4 presents the calculated pressure versus time for the 1.40 ft DER at
25% power main steam line break assuming a CH-A failure (the design basis

accident).

Methods used, initial conditions, and failures assumed for main steam line break
analyses are discussed in Section 6.2.1.3.3.

Table 6.2-3 presents a summary for each main steam line break analyzed.

6.2.1.3.1.2 Peak Temperature Analysis

The spectrum of steam line breaks listed in Table 6.2-1a, based upon the initial
conditions specified in Table 6.2-2, has been analyzed using the CONTEMPT LT/26 12"
computer program discussed in Section 6.2.1.3.3.

The steam line break resulting in the maximum calculated temperature in the Reactor
Building is the 1.4 ft DER at 102% power with MSIV and S| failures. The peak
temperature in the Reactor Building is calculated to be 372.7°F, 19 seconds after the
break.
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The following peak temperature analyses were performed.
1. Main Steam Line Break Analyses

The main steam line break accidents analyzed; information concerning break type,
peak temperature, and pressure; times of peak temperature and pressure; and
active failures assumed are presented in Table 6.2-3.

Figure 6.2-5a illustrates calculated temperature versus time for the worst case
(temperature) main steam line break (1.4 ft* DER at 102% power with MSIV and Sl
failures).

Figure 6.2-5b illustrates the calculated temperature as a function of time for a
spectrum of main steam line split ruptures.

Figures 6.2-5c and 6.2-5d illustrate the condensing steam heat transfer coefficient
and the Reactor Building liner and interior concrete wall temperatures versus time
for the worst case (temperature) main steam line break.

6.2.1.3.2 Long Term Reactor Building Performance

The long term system behavior during the design basis accident main steam line break
and the worst case DEPS guillotine (minimum safety injection) LOCA have been
evaluated to verify the ability of the ECCS and Reactor Building heat removal systems
to maintain the Reactor Building pressure and temperature below design limits following
a postulated high energy pipe rupture. This evaluation is based upon conservative
predictions of the performance of these engineered safety features.

The primary system loss of coolant accident releases more energy into the Reactor
Building over the course of the accident than the design basis accident main steam line
break. The design basis accident mass and energy release is terminated after 1800
seconds. Since the plant operators are required to take action to terminate emergency
feedwater flow to the faulted steam generator at 10 minutes, as discussed in Section
10.4.9.3, the analysis performed is conservative. Therefore, for long term Reactor
Building performance, the LOCA is analyzed to 1440 hours and the design basis accident
main steam line break is analyzed to 1800 seconds. The long term values of the Reactor
Building parameters at 1440 hours for LOCA and 1800 seconds for the design basis
accident main steam line break are presented in Table 6.2-4 and are shown graphically
by Figures 6.2-1, 6.2-7 and Figures 6.2-4, 6.2-6, and 6.2-6a, respectively. The reactor
vessel upflow modification has no impact on long-term Reactor Building parameters.
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Figures 6.2-8 through 6.2-14 are presented to demonstrate the long term cooling
capability of the Reactor Building. The following conservative assumptions were used
in the analysis:

1.  No leakage.

2. Reactor Building Spray System is operated for a period of up to 40 days.

3. Reactor Building Cooling Units are operated for a period of up to 40 days.

4. Boiling in the reactor vessel is suppressed after 40 days by aligning the ECCS to
the RCS hot legs and cold legs simultaneously after 8 hours during the hot leg
recirculation phase.

The following parameters are illustrated by the figures indicated:

1. Total energy absorbed by passive heat sinks:

a. Design basis accident main steam line break, Figure 6.2-8.
b. LOCA, DEPS, minimum safety injection, Figure 6.2-9.

2. Condensing film heat transfer coefficients:

a. Design basis accident main steam line break, Figure 6.2-10.
b. LOCA, DEPS, minimum safety injection, Figure 6.2-11.

3. Reactor Building cooling units heat removal rate:

a. Design basis accident main steam line break, Figure 6.2-12.

b. LOCA, DEPS, minimum safety injection, Figure 6.2-13.

4. Residual Heat Removal System heat rate, Figure 6.2-14 (LOCA).

The accident chronology for the design basis accident main steam line break is given in

Table 6.2-5.

The accident chronology for the LOCA (DEPS, minimum safety injection) is given in
Table 6.2-6.
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6.2.1.3.3 Methods of Analyses
6.2.1.3.3.1 Description of Computer Code

Calculation of Reactor Building pressure and temperature transients were performed
using the digital computer code, CONTEMPT-LT. CONTEMPT-LT will model up to 4
containment volumes, consisting of primary system, wetwell, drywell, or dual
containment. Only the primary system and drywell options are used. Transient
phenomena within the Reactor Coolant System affect containment conditions by means
of convective mass and energy transport through the pipe break. The containment
drywell is separated into 2 regions. The first region consists of the air-steam phase; the
second, the water phase. Sufficient relationships to describe the transient are provided
by the equations of conservation of mass and energy as applied to each region,
together with appropriate boundary conditions.

Two (2) versions of the CONTEMPT-LT computer program are used for analysis of
Reactor Building pressure and temperature transients. CONTEMPT-LT/26 was used
for analysis of MSLB and LOCA transients for steam generator replacement.
Subsequent revision of LOCA Reactor Building pressure and temperature analysis used
CONTEMPT-LT/28, which is described in NUREG/CR-0255 . CONTEMPT-LT/28 is
an update to version LT/26 described in this section. The analytical assumptions
described in 6.2.1.3.3.2 apply to both versions of the program. No modifications to any
models have been made CONTEMPT-LT/28 by SCE&G. The only significant modeling
change resulting from the change to LT/28 from LT/26 is the use of the Uchida
condensing heat transfer coefficient, rather than Tagami, for the condensing heat
transfer to concrete and steel heat sinks during the LOCA transient, as described in
6.2.1.3.4.1. Containment pressure-temperature analysis for MSLB has not been
revised since steam generator replacement and reflects the use of CONTEMPT-LT/26.
Analysis of the double-ended hot leg rupture pressure and temperature transients has
also not been revised since use of LT/28 was adopted.

The applicability of the CONTEMPT computer code to the containment
pressure/temperature analyses can be verified by the Carolinas Virginia Tube Reactor
(CVTR) experiments ?*. An excerpt from Reference [24] states the following:

"The CVTR DBA tests and analyses have demonstrated that the CONTEMPT
containment response analytical model will predict reasonably accurately the
containment atmosphere pressure-temperature response provided correct
assignment of condensing steam heat transfer coefficients and other key
parameters are made. But, when common assumptions currently used for the heat
transfer coefficient (Tagami) or similar were employed, the CVTR DBA test results
indicated that the peak pressure prediction obtained from CONTEMPT was
conservative by about 45%. However, the magnitude of overprediction of pressure
depends on the blowdown conditions and other factors such that for a large pipe
rupture (or fast blowdown), underestimating the heat transfer coefficient probably
has a lesser effect on the peak pressure predictions (15% or less)."
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CONTEMPT is basically a 1 node containment code. The containment temperature
stratification, as measured in the CVTR tests, cannot be predicted by a 1 volume model
which necessarily uses average overall heat transfer coefficients, such as Uchida®™ or

Tagam

. However, the Uchida and Tagami correlation have been shown by the CVTR

data and the work of Slaughterbeck *! to be conservative for containment analysis.

6.2.1.3.3.2 Assumptions

The following are the major assumptions made in analysis:

1.

Discharge mass and energy flow rates through the Reactor Coolant System break
or main steam line break are established from the coolant blowdown and core
thermal transient analysis described in Section 6.2.1.3.10

At the break point, the discharge water and corresponding energy are introduced
into the vapor region. An energy balance is then made in 3 stages:

a.

b.

Transfer of water and energy from the sump if the liquid region can boil.

Determination of the masses of liquid and vapor in the atmosphere and the
pressure and temperature of the atmosphere.

Condensation of liquid from the vapor region to the liquid region and
calculation of the liquid temperature.

CONTEMPT LT/26 models condensate removal based upon the heat
transferred to the containment heat sinks. For the main steam line break
analysis, 92% of all condensate is assumed to be removed from the vapor
region and added to the sump. For the LOCA analysis the isolated
condensate model is not used. The use of the isolated condensate model
results in a short term superheated temperature transient for dry steam
blowdowns until containment sprays are actuated.

m :F*Q(hv_h1)
Where:
m = Rat.e of mass transfer of condensate from vapor region to pool
region.
g = Heattransfer rate used to calculate condensate dropout rate.
hy = Specific enthalpy of vapor in vapor region.
hy = Specific enthalpy of liquid in vapor region.
F = Fraction of condensate formed on walls or cooling coils which

is dropped into the pool region (F = 0.92).

6.2-10 Reformatted
June 2015

| 02-01



Homogeneous mixing. The steam-air mixture has uniform properties, more
specifically, thermal equilibrium between the air and steam.

Air is considered to be an ideal gas; water and steam tables are employed for
thermodynamic properties.

During the transient, there is energy transfer from the steam-air and water regions to the
internal structure and equipment within the Reactor Building shell. The temperature
distribution through each of the heat conducting structures is determined by solving the
1 dimensional, multi-region heat conduction equation. Continuity of temperature and
heat flow is assumed at composition interfaces. Boundary conditions are applied to the
external surfaces of heat conducting structures as appropriate.

The following modifications have been made to CONTEMPT LT/26:

1.

As originally programmed, CONTEMPT-LT/26 used the Uchida heat transfer
coefficient even if the heat structure were superheated; a heat transfer coefficient
of 2.0 Btu/hr-ft>-°F (11.4w/m?-°K) should be used. The following equations are
now employed:

g1 = hjA (TS'TW)
q2 = hsA (Tv 'Tw)

Where:
g1,02=  Heat transfer rate.
hy = Uchida heat transfer coefficient.
hs = Superheated heat transfer coefficient.
= 2.0 Btu/hr-ft>-°F(11.4 w/m?-°K).
Ts = Containment vapor saturation temperature.
Tw = heat structure wall temperature.
T, = Containment vapor temperature.
A = Heat structure surface area (ft%).

The greater heat transfer rate is used: the Uchida transfer coefficient is used when
the structure wall temperature is below saturation, while the superheated heat
transfer coefficient is used when the structure surface is at, or above, saturation
temperature.
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3. Modifications have also been made to allow use of a tabular input for the
condensing heat transfer coefficient and a constant forced convection heat transfer
coefficient for each heat structure rather than using Uchida and natural convection
coefficient of 2.0 Btu/hr-ft>-°F.

4. These changes allow the isolated condensate model to be used in determining
component temperature transients without restricting the heat transfer to the
conservatively low values used in containment analysis.

5. Aline change was also made to correct an error involving the driving potential for
the structural heat sinks. This change corrected the energy imbalance that existed
between heat removal from the vapor region and that absorbed by the passive
heat sinks.

Provision is made in the computer analysis for the effects of several engineered safety
features; including Reactor Building spray, Reactor Building cooling units and
recirculation of sump water. Heat removal from the containment steam-air phase by
Reactor Building spray is determined by allowing the spray water temperature to rise to
the steam-air temperature.

6.2.1.3.3.3 Initial Conditions

The initial conditions used in the peak pressure LOCA and main steam line break
analyses are presented in Table 6.2-2. The net free volume used is conservatively
calculated from design drawings when establishing the heat sinks used for the ECCS
analysis.

Under all operating conditions, the Reactor Building Cooling Systems maintain the
following range of temperature and relative humidity conditions:

1. Temperature, 50°F to 120°F.
2. Relative humidity, 30% to 100%.

Under all operating conditions, Reactor Building pressure is maintained below 1.5 psig,
the design limit achieved by manually relieving Reactor Building pressure, when
required, as discussed in Section 6.2.1.2.2.

The initial conditions used in the peak temperature main steam line break analyses are
the same as those used for the peak pressure analyses with the exception that initial
Reactor Building pressure is 0.0 psig. (Used for breaks with no entrainment.) This
maximizes the time it takes to reach the containment pressure setpoints for main steam
isolation and Reactor Building spray actuation. It also reduces the mass of air available
to absorb energy, resulting in higher containment vapor temperatures.
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The use of the maximum Reactor Building operating temperature and a nominal relative
humidity of 30% results in the highest calculated Reactor Building pressures.

Reactor Building heat removal through passive heat sinks and by the Reactor Building
Spray System and cooling units is discussed in Section 6.2.1.3.4.

6.2.1.3.3.4 Failure of Engineered Safety Features

For the LOCA analyses, the peak containment temperature and pressure occur in the
short term, near the end of blowdown and thus are not extremely sensitive to single
failures. Long term pressures and temperatures are; however, maximized with the
assumed failure of an emergency diesel resulting in the loss of 1 train of Reactor
Building Spray, 1 Reactor Building cooling unit, and 1 train of ECCS.

For the DEPS guillotine breaks, the 4 cases analyzed are as follows:

1. A double-ended pump rupture of the reactor coolant pump suction (DEPS) with a
maximum safety injection and 2 operable trains of Reactor Building Spray (SP) 53’}‘003
System. i

2. A DEPS with maximum safety injection and failure of 1 train of SP.

3. A DEPS with maximum safety injection, 2 operable trains of SP, and failure of 1

train of Reactor Building Cooling Units (RBCU). RN

03-003
4. A DEPS with minimum safety injection and failure of 1 train of emergency diesel

generator coincident with a loss of offsite power.

The main steam line break analyses conservatively assume one or more active failures.
The active failures considered are as follows:

1. Electrical channel A (CH-A) failure, resulting in minimum Reactor Building heat
removal from sprays and fan coolers and failure to isolate the flow to the broken
loop steam generator, resulting in a 1000 gpm flow rate to that steam generator.

2. Main steam isolation valve (MSIV) on the broken loop steam generator fails to
close, increasing the steam inventory released to the Reactor Building.

3. Main feedwater isolation valve fails (FWIV) to close, resulting in continued flow of
feedwater.

4. Failure of a safety injection pump (SI) to operate.

5.  Failure of 1 emergency diesel to start, resulting in minimum Reactor Building heat
removal from sprays and fan coolers.
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6. Failure of an emergency feedwater flow control valve to isolate flow to the
faulted SG.

A summary of each main steam line break analyzed and its associated failures is shown
in Table 6.2-1a.

The single active failure analysis of the systems relied upon to limit the mass and
energy release and containment pressure/temperature response for the main steam line
breaks are presented in the sections listed below:

1. Main steam, Section 10.3.3

2. Feedwater, Section 10.4.7.2.3

3. Emergency feedwater, Table 10.4-8

4. Reactor Building cooling, Tables 6.2-50 and 6.2-52

A summary of each main steam line break and LOCA analyzed is presented in
Table 6.2-3.

6.2.1.3.4 Energy Sinks
6.2.1.3.4.1 Reactor Building Structures

Provision is made in the Reactor Building pressure transient analysis for heat storage in

both interior and exterior walls. Every wall is divided into a large number of nodes. For

each node, a conservation of energy equation expressed in finite difference form

accounts for transient conduction into and out of the node and temperature rise of the 02-01
node. Table 6.2-7 presents a detailed summary of the structural heat sinks. This

summary includes the detailed information used in the ECCS analysis. For the Reactor

Building peak pressure and long term analyses, the total amount of steel used was
conservatively reduced from the values reported for the ECCS analysis.

The heat sinks were modeled for use in the CONTEMPT-LT computer code as shown 53’:‘003
by Table 6.2-8. The criteria used for mesh point spacing is based upon the work of )
Clausing .

1. Concrete

a. Mesh point of 0.05 inches for the first 3 inches.

b. Mesh point spacing greater than, or equal to, 0.5 inches through the
remaining thickness.

2. Steel
Mesh point spacing of 0.05 inches to 0.08 inches.

6.2-14 Reformatted
June 2015



The modeling of the Reactor Building liner/air/concrete was done using a volume
weighted average for the steel/air mixture in the gap between the liner and the concrete.
To assure conservatism, the thermal conductivity and volumetric heat capacity were
halved.

The containment liner surface temperature and interior concrete surface temperature,
as calculated by CONTEMPT LT/26 for worst case temperature main steam line break,
are given by Figure 6.2-5d.

The thermophysical properties used in the peak pressure analyses are shown in
Table 6.2-9. These represent conservatively low thermal conductivity and volumetric
heat capacity values found in the literature.

The protective coatings on surfaces such as the Reactor Building liner and internal
concrete were not considered in the analysis. This exclusion is based upon the
following assumption.

If it is assumed that these coatings do not affect the steam condensation film coefficient,
which most probably is the case, then the inclusion of an extra heat transfer "resistor",
such as the coating, affects the overall heat transfer coefficient, U, by only 0.01%. This
does not affect the Reactor Building pressure significantly.

Condensing film heat transfer coefficients are discussed in items 1 and 2, below:
1.  Tagami

During the blowdown period of a LOCA, heat transfer to steel heat sinks from the
Reactor Building vapor region is based upon the Tagami ! condensing heat
transfer coefficient. Heat transfer to concrete heat sinks during blowdown is based
on the Uchida correlation discussed later.

The Tagami heat transfer coefficient increased parabolically to a peak value at the
end of blowdown. Following the end of blowdown, the Uchida condensing heat
transfer coefficient is used for both concrete and steel heat sinks.

Tagami presents a plot of the maximum value of h as a function of "coolant energy
transfer speed", defined as:

total coolant energy transferred into containment
(containment vessel volume) (time interval to peak pressure)
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From this equation, the maximum heat transfer coefficient, h, for steel is calculated as
follows:

Where:
hmax =  Maximum value of h (Btu/hr-ft®>-°F).
to, =  Time from start of accident to end of blowdown (sec.).
V = Reactor Building volume (ft%).
E = Initial coolant blowdown energy (Btu).

The parabolic increase from the steady-state value of 2.0 Btu/hr-ft? -°F is given by the
following equation:

112
hs = Nmax [%J ;0<t§tp

p
Where:

hs

Heat transfer coefficient for steel (Btu/hr-ft?>-°F).

t

Time from the start of accident (sec.). AN

03-003
For concrete, the heat transfer coefficient is taken as 40% of the value calculated for

steel.

The Tagami condensing film heat transfer coefficient used for the DEPS with minimum
safety injection is given by Figure 6.2.11.

2. Uchida

The main steam line break analysis uses the Uchida [ correlation, rather than Tagami,
for the condensing steam heat transfer coefficient. LOCA analysis uses the Uchida
correlation for condensing heat transfer to concrete heat sinks during blowdown and for RN
both concrete and steel heat sinks after the end of blowdown. 03-003

The Uchida correlation results in a lower heat transfer coefficient and, is therefore, the
more conservative of the 2 for the main steam line break analyses. Slaughterbeck [23]
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presents a discussion of the basis of heat transfer coefficients used for containment
analysis.

Using the Tagami correlation with the peak heat transfer coefficient occurring when the
main steam isolation valves close would result in higher heat transfer to the containment
heat sinks. The Tagami correlation was not used due to the difficulty in defining the end
of the turbulent portion of the blowdown.

The Uchida condensing film heat transfer coefficient is based primarily upon the mass
ratio of air to steam in a nonturbulent environment. The Uchida correlation gives much
lower heat transfer coefficients during the initial phase of the transient. The Uchida
correlation, therefore, results in a conservative estimate of the heat removed from the
vapor region during the main steam line blowdown.

The Uchida condensing steam heat transfer coefficients used during the worst case
(pressure and temperature) main steam line breaks are presented by Figures 6.2-10
and 6.2-5c¢, respectively.

6.2.1.3.4.2 Reactor Building Spray

When a spray drop enters the hot saturated steam-air environment, 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 a heat flow to the drop. Both of these mechanisms will cause the spray 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 be essentially equal to the temperature of the steam-air
mixture.

The terminal velocity of the drop can be calculated using the formula given by
Weinberg!® where the drag coefficient, Cp, is a function of the Reynolds (Re) number:

V2 = 4Dg(p — pm)
3Cme

Assuming a 700 micron drop size from the Reactor Building spray nozzles, the terminal
velocity is less than 7 ft/sec. For a 1000 micron drop, the velocity would be less than 10
ft/sec. The Nusselt number for heat transfer, Nu, and the Nusselt number for mass
transfer, Nu’ (Sherwood Number), can be calculated from the empirical relations given
by Ranz and Marshall I");

Nu 2 +0.6 (Re)" (Pr)"?

Nu’

2 + 0.6 (Re)"? (Sc)'”?
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The Prandtl (Pr) number and the Schmidt (Sc) number for the conditions assumed are
approximately 0.7 and 0.6, respectively. Both of these are sufficiently independent of
pressure, temperature, and composition that they are assumed constant under
containment conditions . The coefficients of heat transfer (h;) and mass transfer (k)
are calculated from Nu and Nu' respectively. The equations describing the temperature
rise of a falling drop are as follows:

d
— (M = h, +
dt( u) mhg +q
d
—(M =m
GIt( )

Where:
q = hcA(Ts'T)
m = keA(Ps-P,)

These equations can be integrated numerically to find the internal energy and mass of
the drop as a function of time as it falls through the atmosphere. Analysis shows that
the liquid drop temperature rises to the steam-air temperature in less than 0.5 seconds.
This temperature increase occurs before the drop has fallen 5 feet. These results
demonstrate that the Reactor Building spray will be 100% effective in removing heat
from the Reactor Building atmosphere.

The Reactor Building Spray System is actuated based upon Hi-3 containment pressure.
For the full double ended rupture main steam line break and Reactor Coolant System
LOCA analyses, the pressure setpoint is reached well before the 10 seconds required
for diesel generator startup. Reactor Building spray is assumed to actuate at 52
seconds for the LOCA and 53.1 seconds for the large main steam line breaks following
accident initiation. This is conservative based upon the following:

Diesel Start Time 10 seconds
2. Time for RB Spray Pump to reach full capacity 5 seconds
3. Time required to fill RB Spray piping and ring 32 seconds
headers
4. Total Elapsed Time 47 seconds

Note: As a conservatism, filling of RB Spray piping is not credited during the 5
second pump acceleration phase.
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Actuation timing calculations for the smaller main steam line breaks are presented in
Table 6.2-47b .

6.2.1.3.4.3 Reactor Building Cooling Units

Heat removal by the Reactor Building cooling units is dependent upon the number of
units operating, unit start and stop times, and the heat removal rate. The heat removal
rate is dependent upon the Reactor Building atmosphere temperature and a number of
thermal-physical cooler design parameters. The cooling coils of a Reactor Building
cooling unit remove energy directly from the vapor region of the containment which
results in reduced energy and pressure.

Heat removal due to Reactor Building cooling unit operation is simulated in the
CONTEMPT code by specifying input values from a heat removal rate versus Reactor
Building atmosphere temperature curve. The design values given on Figure 6.2-15,
conservatively reduced to 60% to account for potential performance degradation, are
used for MSLB analysis. LOCA analysis utilizes the RBCU performance curve
corresponding to a conservative tubeside fouling factor of 0.0014 “®! shown on Figure
6.2-15. That curve is based on analytical results calculated by American Air Filter
according to the methods described in Topical Report TR-7101A "%l That analysis
assumes the following boundary conditions:

Cooling water inlet temperature: 95° F
Cooling water flow: 2000 gpm
Tubeside fouling factor: 0.0014

The resulting performance curve gives a higher heat removal rate than the 60% design
performance curve used in MSLB analysis, but still conservative compared to the
design curve. All three curves are shown together for comparison on Figure 6.2-15.

The Reactor Building cooling units are calculated to be fully operational within 86.5
seconds following loss of offsite power. A description of the timing involved is
presented in Section 6.2.2.2.2.2. The time used in the analyses is 86.5 seconds for the
large main steam line breaks and the LOCA analyses. Actuation timing calculations for
the main steam line breaks are presented in Table 6.2-47b.

6.2.1.3.4.4 Sump Water Recirculation Heat Exchangers

During the post accident long term cooling period, safety injection pumps (charging
pumps and RHR pumps) supply recirculated water from the Reactor Building
recirculation sumps to the reactor vessel. The RHR heat exchangers are placed in
operation during the recirculation phase to remove energy directly from the reactor
vessel to the outside environment.
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The RHR heat exchangers are of the shell and U-tube type. Physical and thermal
characteristics of each heat exchanger are specified in Table 6.2-1, as are the coolant
inlet temperatures and flow rates.

6.2.1.3.5 Systems for Protection Against Negative Pressure Inside the Reactor
Building

A narrow range differential pressure transmitter provides signals for monitoring the
Reactor Building internal pressure. Control room alarms are actuated by this pressure
channel when the differential pressure approaches the baseline pressure.
Administrative procedures are used following actuation of the alarm to adjust Reactor
Building pressure to within the required baseline pressure limits.

During normal operation, inadvertent Reactor Building spray can occur when doing the
periodic inservice testing on 1 spray loop. An inadvertent safety injection signal to the
spray loop discharge valve during spray loop testing is the worst single failure.

6.2.1.3.6 Reactor Building Analysis, Negative Pressure

Inadvertent operation of the Reactor Building Spray System causes depressurization of
the Reactor Building due to the cooling effect of the spray water. A theoretical
maximum depressurization can be calculated by assuming that the temperature of the
Reactor Building atmosphere ultimately reaches the spray water temperature. (The
evaporative cooling phase is not controlling for this case. See Reference [10]. Thus,
the partial pressure of the air will simply change by a ratio of the absolute temperatures,
while the vapor pressure will be equal to the saturation value at the spray water
temperature. The theoretical maximum depressurization is:

TS

Pe = Pelnlmip)
Where:
P4 = Depressurization.
Po = Initial pressure.
Pa = Initial air partial pressure.
Py (Tsp) = Water vapor partial pressure evaluated at Tsp.
Tsp =  Spray water temperature.
To = Initial atmospheric temperature.
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Using an initial temperature, pressure and relative humidity of 120°F, -0.1 psig, and
100%, respectively, for the Reactor Building atmosphere and a spray water temperature
of 40°F, depressurization results in an external pressure of 3.5 psig. Therefore, the
maximum external pressure does not exceed the design pressure given in Section
6.2.1.2.2.

6.2.1.3.7 Function Capability of the Normal Reactor Building Ventilation System

The normal ambient operating temperatures of the Reactor Building under various
operating modes are indicted in Section 6.2.2.1.2. A single failure analysis is presented
in Table 6.2-52. The maximum acceptable local compartment or area temperatures are
described in Section 3.11.1.1. Instrumentation and alarms for the reactor building
ventilation system are discussed in Section 9.4.8 .

6.2.1.3.8 Accident Pressure and Temperature Monitoring

The Reactor Building pressure and temperature and Reactor Building recirculation
sump temperature instrumentation (including recording capability) is discussed in
Section 7.5. The qualification of this instrumentation (including recording capability) is
discussed in Section 7.5. The qualification of this instrumentation for use in the post
accident containment environment is discussed in Sections 3.10, 3.11, and 7.4. The
recorders are located in the control room, thus assuring accessibility to control room
personnel during a LOCA.

6.2.1.3.9 Reactor Building Subcompartment Pressurization

Reactor Building subcompartments (steam generator compartments, pressurizer
compartment, reactor cavity area) have been analyzed with respect to the appropriate
design basis break to determine the peak pressure differential for pipe rupture. Each
compartment has been broken down into volumes and flow paths. The steam generator
and reactor cavity compartments were analyzed using the RELAP4/MOD5"” code
without air. The incompressible flow option without momentum flux was used for the
momentum equation. Critical flow was predicted by the homogeneous equilibrium
model, using the stagnation conditions of each node, consistent with the homogeneous
equilibrium model critical flow table on RELAP4/MODS5. The transient pressure
behavior of the pressurizer compartment has been calculated by the COMPARE-MQOD 1
computer program 371 Results of these analyses have been used in the compartment
structural design.
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The Subcompartments have been analyzed for the largest break(s) possible in each
compartment. A summary is given below:

1. Pressurizer compartment - spray line and surge line breaks (see
Section 6.2.1.3.9.1.)

2. Steam generator compartments - double ended hot leg and cold leg breaks
(see Section 6.2.1.3.9.2)

3. Reactor cavity - cold leg break, 150 in? area (see Section 6.2.1.3.9.3).

The mass/energy release for each break used in subcompartment pressurization
analyses is provided in Section 6.2.1.3.10.2.

The differential pressure on compartment walls is spatially varied for structural
evaluation, where applicable. The vent parameters are realistically evaluated to provide
a realistic pressure distribution following the accident.

The steam-water atmosphere was used to describe the initial conditions of Reactor
Building subcompartments. The initial atmosphere within a subcompartment is modeled
by a homogeneous water-steam mixture with an average density equivalent to the dry
air model.

In addition, 100% entrainment has been assumed. The resulting calculated and design
pressures are presented in Table 6.2.11. The analysis of each subcompartment is
discussed separately in Sections 6.2.1.3.9.1 through 6.2.1.3.9.3.

The impact of the replacement steam generators and changes in plant operating
parameters have been evaluated on the Reactor Building subcompartment analyses.
Since the completion of the FSAR design analyses the Leak-Before-Break (LBB)
Methodology has been applied in the plant design to the large primary piping. This
eliminates the dynamic effects of postulated primary pipe ruptures from the design
basis. Therefore, 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.
Continued use of these original bases results in a conservative design for the steam
generator compartments and the reactor cavity which bounds any potential effects of
the replacement steam generators and changes in the plant operating conditions.

For the pressurizer compartments, no reduction in break size is possible since the LBB
methodology has only been applied to the large primary piping. Since the revised
design power operating power parameters will allow for reduced Reactor Coolant
System (RCS) temperatures, an increase in the pressurizer surge and spray line mass
releases must be considered. The increase in the releases from previous analysis are
conservatively bounded by increasing the surge and spray line mass releases by factors
of 1.15 and 1.10, respectively. The corresponding enthalpies are conservatively
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bounding for the lower RCS temperature. The results of this analysis are shown in
Section 6.2.1.3.9.1.

6.2.1.3.9.1 Pressurizer Compartment Analysis

The pressurizer and surge tank compartments have been analyzed for pressure
response from spray line and surge line breaks, respectively, using the
COMPARE-MOD 1 computer program®®’.. In each case, a 2 node model has been
used. Figures 6.2-18 and 6.2-19 show the nodalization and appropriate parameters for
the pressurizer compartment and surge tank compartment, respectively. Major relief
areas for the pressurizer compartment include an opening at elevation 437°-6" and
grating at elevation 488’-6". For the surge tank compartment, the major relief area is
directly to the steam generator compartment.

The mass/energy releases are discussed in Section 6.2.1.3.10.2. Mass/energy
releases for the spray line rupture have been conservatively extended past the
information provided by the NSSS vendor to permit calculation of the necessary
transient differential pressure.

Figures 6.2-20 and 6.2-21 depict the pressure-time history for the pressurizer and surge
tank compartments following the appropriate break. Differential pressures are also
shown by these figures. Peak calculated and differential pressure are 41.9 psia (26.0
psid) and 45.0 psia (30.6 psid) for the pressurizer and surge tank compartments,
respectively.

The peak calculated and design differential pressures for the pressurizer compartment
are presented in Table 6.2-11.

The above mentioned calculated pressures are without margin. As shown by the valves
in Table 6.2-11, the available margin between the calculated differential pressure and
the structural design pressure is 59% for the pressurizer compartment and 68% for the
surge tank compartment.

6.2.1.3.9.2 Steam Generator Compartment Analysis

The steam generator compartments were initially analyzed to determine the peak
pressures on the compartment walls and the forces and moments acting upon the
steam generator and reactor coolant pump supports. The general layout of the steam
generator compartments is illustrated by Figure 6.2-22.

The analysis was performed using the RELAP4/MODS5 code®. Flow paths between
nodes were modeled using inertial flow bounded by the homogeneous equilibrium
critical flow model where significant changes in area occurred. In addition, all flow paths
out of the break nodes were limited by the homogeneous equilibrium critical flow model
regardless of geometry.
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Initially, each steam generator compartment was analyzed for both the double ended
hot and cold leg breaks. Models were set up to include significant restrictions and
changes in area where practical.

From results of the initial studies it was determined that the loop C steam generator
compartment was the worst case. Both the overall lower compartment pressure and
specific nodal pressures due to geometric considerations were higher in loop C.

The loop C steam generator compartment was then modeled to include more definition
and to establish loadings on the reactor coolant pump and steam generator.

The impact of the replacement steam generators and changes in plant operating
parameters have been evaluated on the Reactor Building subcomponent analyses.
Since the completion of the FSAR design analyses, the Leak-Before-Break (LBB)
Methodology has been applied in the plant design to the large primary piping. This
eliminates the dynamic effects of postulated primary pipe rupture from the design basis.
Therefore, 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. Continued use of
these original bases results in a conservative design for the steam generator
compartments and the reactor cavity which bounds any potential effects of the
replacement steam generators and changes in the plant operating conditions.

6.2.1.3.9.2.1 Initial Steam Generator Compartment Models

The initial models for each loop were similar. In general, these models were comprised
of 2 nodes below the steam generator and reactor coolant pump, 5 or 6 nodes between
elevations 426.5’ and 436’, one node between elevations 436’ and 459.5" and one node
between elevations 459.5’ and 475.4’. Elevation 436’ was chosen as a dividing line
because the steam generator supports and inservice inspection platforms form a natural
boundary. The boundary at elevation 426.5’ is not real but does provide vertical
symmetry for the break nodes.

The nodal arrangements, analytical results and model descriptions for the initial models
are summarized by Table 6.2-11a. Tables 6.2-12 through 6.2-14a present model
descriptions and results. Figures 6.2-22a through 6.2-22k illustrate nodal arrangements
and results.

6.2.1.3.9.2.2 Final Loop C Steam Generator Compartment Models

A 20 node loop C steam generator compartment model was analyzed to determine
nodal sensitivity and loadings on the reactor coolant pump due to a cold leg break. The
volume between elevations 436’ and 451’ (top of reactor coolant pump) was divided into
5 nodes. The increase nodalization did not result in increased pressure in the break
nodes since flow out of these nodes chokes early in the transient.
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A 25 node compartment model was analyzed to determine nodal sensitivity and
loadings on the steam generator due to a hot leg break. This model was similar to the
20 node model previously described but included more nodes around the steam
generator above elevation 459.5’. The resultant peak pressure in break node 7
increased by less than 6%. This result was expected since the peak in node 7 is an
inertial peak.

Forces and moments on the reactor coolant pump and steam generator were
determined using results from the 20 and 25 node model, respectively.

The nodal arrangements, analytical results, model descriptions, and forces and
moments data are summarized by Table 6.2-15. Tables 6.2-15a through 6.2-15f
present model descriptions, and forces, and moments data. Figures 6.2-23 through
6.2-26 illustrate nodal arrangements, results and forces, and moments data.

6.2.1.3.9.2.3 Discussion of Results

From the tables and figures noted in Sections 6.2.1.3.9.2.1 and 6.2.1.3.9.2.2 it can be
seen that the overall pressure response of the lower steam generator compartments
(23 psid) is well below the design pressure of 41.2 psid.

A peak pressure of 47.9 psid was calculated (Node 4, cold leg) around the reactor
coolant pump near the refueling canal wall.

A short term inertial peak of 45.9 psid (Node 7, hot leg) between the steam generator
and secondary shield wall was calculated.

To study the impact of the above calculated pressures on the structural design, a
simplified model of the lower steam generator compartment was developed. An
analysis was performed using this model to evaluate the effects of the calculated
pressures. Analytical results were compared to the results of a similar analysis for
design pressure. It was determined that the design forces and moments for the above
calculated pressures are less than for the design pressure. This reduction is due to the
decrease in overall pressure even though pressure is increased locally.

6.2.1.3.9.3 Reactor Cavity Analysis

The impact of the replacement steam generators and changes in plant operating
parameters have been evaluated on the Reactor Building subcomponent analyses.
Since the completion of The FSAR design analyses the Leak-Before-Break (LBB)
Methodology has been applied in the plant design to the large primary piping. This
eliminates the dynamic effects of postulated primary pipe ruptures from the design
basis. Therefore, 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. Continued use
of these original bases results in a conservative design for the steam generator
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compartments and the reactor cavity which bounds any potential effects of the
replacement steam generators and changes in the plant operating conditions.

1.

Analyses

A pressurization analysis of the reactor cavity and penetration areas of the primary
shield was performed using the RELAP4/MOD5 code!® to predict pressures and
forces and moments resulting from a postulated rupture. The analysis was
performed by considering the maximum break size which could occur in the
primary shield pipe penetrations. Cold leg and hot leg guillotine breaks are limited
by restrictions imposed upon pipe movement by the penetration, supports, and
loop geometry. Cold leg break geometry is illustrated by Figure 6.2-27. Due to the
break geometry, the cold leg break area is larger than the hot leg break area. The
maximum cold leg break area is limited to a value less than 150 in?, the value used
for mass/energy releases (see Section 6.2.1.3.10.2).

The general layout of the reactor cavity area is illustrated by Figure 6.2-28. A
break in the loop B cold leg was selected for analysis because of the small
inspection port opening. Dimensions on Figure 6.2-28 represent cold conditions.
Thermal expansion under hot conditions was included in the calculation of the
various model parameters in the RELAP4/MODS5 code. Insulation was assumed to
move against the reactor vessel and/or piping, as appropriate, instantaneously with
not change in thickness. Further details are provided by Figures 6.2-65 through
6.2-67.

A nodalization sensitivity study was performed for the forces and moments. Axes
used in the orientation of the reactor vessel are illustrated by Figure 6.2-29.
Forces in the x and z directions and the moment about y axis are the major
components. These major components were considered in the acceptance of the
nodalization sensitivity study.

Three (3) reactor cavity modes, incorporating 22, 31, and 33 nodes, were
analyzed. The 22 node model included 3 nodes in the cold leg penetration and 15
nodes in the reactor vessel annulus. The 31 node model also used 3 nodes in the
penetration but used 24 nodes in the annulus. The 33 node model incorporated 5
nodes in the penetration and 24 nodes in the annulus.

Information presented for the reactor cavity models include penetration, reactor
vessel annulus, and overall models, as well as forces and moments. A cross
reference between various models and appropriate tables and figures is presented
by Table 6.2-16. Tables 6.2-16a through 6.2-16¢ address control volumes; Tables
6.2-17 through 6.2-17b, flow paths; and Tables 6.2-18 through 6.2-18b,
force/moment areas. Figures 6.2-30 through 6.2-32a illustrate penetration nodes,
reactor vessel annulus nodes, and overall model schematics.
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2. Results

The results from the 3 models are the pressures in each node and the resulting
forces and moments. The peak differential pressure with respect to containment
pressure is tabulated for each node and differential pressure transient for the break
node and reactor vessel annulus nodes adjacent to the break are also shown. In
addition, forces and moments are tabulated for each model. A cross reference is
provided by Table 6.2-18c. Tables 6.2-16a through 6.2-16¢ present peak
differential pressures. Tables 6.2-18d through 6.2-18f present forces and
moments. Figures 6.2-33 through 6.2-33e illustrate transient differential pressures
for selected nodes.

The peak pressures listed in Table 6.2-16a through 6.2-16¢ are well below the
design pressures in the penetration and reactor vessel annulus.

Peak forces and moments of interest are presented by Table 6.2-18g for each of
the 3 models. The results of the nodalization sensitivity study indicate reasonable
agreement among the 3 models.

Since the 33 node model is the most detailed, the numbers for this model are used
for the design evaluation. A transient representation of forces and moments for the
33 node model is provided by Figures 6.2-34 through 6.2-35a.

6.2.1.3.10  Mass and Energy Releases

Rupture of any of the piping carrying pressurized high temperature reactor cooling
water, termed a loss of cooling accident (LOCA), or rupture of a secondary system
steam line within the containment 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 order to evaluate the response of the containment to such accidents,
the rate of release as a function of time must be evaluated. Section 6.2.1.3.10.1
describes the long term releases following a LOCA in the primary cooling system.
These results are used to evaluate the overall effect of such releases on the
containment. Section 6.2.1.3.10.3 describes the releases resulting from rupture of a
secondary system steam line located within the containment.
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6.2.1.3.10.1 LOCA Mass and Energy Release
6.2.1.3.10.1.1  LOCA Release Rate Transient

The LOCA transient is typically divided into 4 phases:

1. Blowdown - which includes the period from accident initiation (when the reactor is
at steady state operation) to the time that the RCS pressure reaches initial
equilibrium with containment.

2. REéfill - 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; therefore to conservatively consider
the refill period for the purpose of containment mass and energy releases, this
water is instantaneously transferred to the lower plenum. This allows an
uninterrupted release of mass and energy to containment. Thus the refill period is
conservatively neglected in the mass and energy release calculation.

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 2 phase.

Tables 6.2-19 through 6.2-22, 6.2-25, and 6.2-26 provide the tabulations of the current
long term mass and energy release rates versus time for all 4 phases over the spectrum
of breaks analyzed.

6.2.1.3.10.1.2 Mass and Energy Release Analyses For Postulated Loss-of Coolant
Accidents

The evaluation model used for the long term LOCA mass and energy release
calculations used was the March 1979 model described in Reference [38]. This
evaluation model has been reviewed and approved by the NRC, and has been used in
the analyses of other dry containment plants.

The analyses presented in this section have also been performed to evaluate any
potential effects the reactor vessel upflow conversion had on the mass and energy
releases. This design change was shown to have a negligible effect on the calculated
LOCA mass and energy releases.
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For the long term mass and energy release calculations, operating temperatures for the
highest average coolant temperature at full power (see Table 5.1-1) were selected as
the bounding analysis conditions. The RCS temperature conditions for the rerating
analysis for the long term LOCA transients are also bounding for asymmetric loop flow
considerations. The modeled core power level of 2958 MWHt, adjusted for calorimetric
error (+2% of power), was the basis in the analysis. The use of higher temperatures is
conservative because the initial fluid energy is based on coolant temperatures which are
at the maximum levels attained in steady state operation. Additionally, an allowance of
+5.3°F is reflected in the temperatures in order to account for instrument error and
deadband. The initial RCS pressure in this analysis is based in a nominal value of 2250
psia. Also included is 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, 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.

The rate at which the RCS blows down is initially more severe at the higher RCS
pressure (2300 psia). Additionally, 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. These assumptions conservatively
maximize the mass and energy in the RCS.

The selection of fuel allowance for the long term mass and energy calculations and
subsequent LOCA containment integrity calculation is based on the need to
conservatively maximize the core stored energy. The margin is core stored energy was
chosen to be +15%. Thus, the analysis very conservatively accounts for the stored
energy in the core. The fuel conditions were adjusted up to provide a bounding
analysis.

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

Regarding safety injection flow, the mass and energy calculation considers both
minimum and maximum safety injection flow rates. Further details concerning these
assumptions are contained in Section 6.2.1.3.10.1.9.
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6.2.1.3.10.1.3 LOCA Break Size and Location

Generic studies have been performed with respect to the effect on LOCA mass and
energy releases to postulated break size. 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 (3) distinct locations in the reactor coolant loop can be postulated for pipe
rupture:

1.  Hot leg (between vessel 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 ft?). Pump suction break mass and energy releases 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 location, the amount of energy released from the steam
generator secondary side is minimal because the maijority of the fluid, which exists 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. The mass and energy releases for the hot leg 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
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 cold leg is, in general, less limiting than that for the pump
suction break. During reflood, the flooding rate is greatly reduced and the energy
release rate into the containment is also reduced. Therefore, the cold leg break
analysis is not usually performed.
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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 all of the available energy of the Reactor Coolant
System in calculating the releases to containment. This break location 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 the V. C. Summer plant, is consistent
with other dry containment plants for the post-blowdown phase of the event.

In summary, the analysis of the limiting break location for a dry containment has been
performed. The double-ended pump suction 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 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.

6.2.1.3.10.1.4 LOCA Mass and Energy Release Data

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 deadband (+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 core power level of 2900 MWH.
5.  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).
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6.2.1.3.10.1.5 Blowdown Mass and Energy Release Data

The SATAN-VI code is used for computing the blowdown transient and is the same as
that used for the ECCS calculation in Reference [39]. The methodology for the use of
this model is described in Reference [38].

Tables 6.2-19 and 6.2-20 present calculated mass and energy releases or the
blowdown phase of the break analyzed for 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 Flow Path No. 2 represents the flow from the reactor vessel inlet side
of the break. The mass and energy release for the double-ended pump suction break
and the double-ended hot leg break given in Table 6.2-19 and 6.2-20, terminate 19.6
and 18.2 seconds, respectively, after the initiation of the postulated accident.

6.2.1.3.10.1.6  Reflood Mass and Energy Release Data

The WREFLOOD code is used for computing the reflood transient, is a modified version
of that used in the ECCS calculation in Reference [39]. The methodology for the use of
this model is described in Reference [38].

To clarify the mass and energy evaluation model described in Reference [38]
steam/water mixing in the broken loop has been included in this analysis. This
assumption is justified and is supported by test data, summarized as follows:

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 2
distinct physical processes. The first is a 2 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/mixing test data has been reviewed for validation of the
containment integrity reflood steam/water mixing model. This data is that generated in
the 1/3 scale test (Reference [40]), 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, a group corresponds almost directly to
containment integrity reflood conditions. The injection flow rates for this group cover all
phases and mixing conditions calculated during the reflood transient. The data from
these tests were reviewed and discussed in detail in Reference [38]. For all these tests
the data clearly indicates the occurrence of very effective mixing with rapid steam
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condensation. The mixing model used in 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 limiting break for the
containment integrity peak pressure analysis during post-blowdown phase is the
double-ended pump suction break. For this break, there are 2 flow paths available in
the RCS by which mass and energy may be released to containment. One (1) is
through the outlet of the steam generator, the other via reverse flow through the reactor
coolant pump. Steam, which is not condensed by ECCS injection in the intact RCS
loops passes around the downcomer and through the broken loop cold leg and pump in
venting to containment. This steam also encounters ECCS injection water as it passes
through the broken loop cold leg; complete mixing occurs and a portion of it is
condensed. ltis this portion of steam, which is condensed, that is taken credit for in this
analysis. This assumption is justified based upon the postulated break location and the
actual physical presence of the ECCS injection nozzle. A description of the test and
test results is contained in References [38] and [40].

The methodology previously discussed and described in Reference [38] has been
utilized and approved on Dockets for Catawba Units 1 and 2, Indian Point 2 and 3,
McGuire Units 1 and 2, Sequoyah Units 1 and 2, Millstone 3, Shearon Harris Unit 1, and
Beaver Valley Unit 2.

Tables 6.2-21 and 6.2-22 present the calculated mass and energy release for the
reflood phase of the double-ended pump suction break with minimum and maximum
safety injection respectively. Flow time histories from each side of the double-ended
pump suction break are tabulated where Break Flow Path No. 1 represents the flow
through the outlet of the steam generator and Break Flow Path No. 2 represents 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 Table 6.2-21 and 6.2-22). The
transient of the principal parameters during reflood are given in Tables 6.2-23 and
6.2-24 for the minimum and maximum safety injection double-ended pump suction
break case.

6.2.1.3.10.1.7 Post-Reflood Mass and Energy Release Data

The FROTH code is used for computing the post-reflood transient. The methodology
for the use of this model is described in Reference [38]. The mass and energy rates
calculated by FROTH are used in the containment analysis until the time of containment
depressurization.
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After depressurization, the mass and energy release from decay heat is based on the
1979 ANSI/ANS Standard, Shown in Reference [41], and the following input:

1.

Decay heat sources considered are fission product decay and heavy element
decay of U-239 and Np-2309.

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

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

The factor accounting for neutron capture in fission products was taken from Table
10 of Reference [41].

Operating time before shutdown is 3 years.

The total recoverable energy associated with 1 fission has been assumed to be
200 Mev/fission.

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

Table 6.2-34 gives the core generated decay heat used in the long term mass and
energy release calculation.

Tables 6.2-25 and 6.2-26 present the 2 phase (froth) mass and energy release data for
the double-ended pump suction break minimum and maximum safety injection cases.
Flow time histories from each side of the double-ended pump suction break are
tabulated, where Break Flow Path No. 1 represents the flow through the outlet of the
steam generator and Break Flow Path No. 2 represents reverse flow through the reactor
coolant pump.

6.2.1.3.10.1.8 Mass and Energy Sources

The sources of mass considered in the LOCA mass and energy release analysis are
given in Tables 6.2-27, 6.2-28, and 6.2-29. 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 6.2-30, 6.2-31, and 6.2-32.
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The components included in the mass and energy calculations are:
1. Reactor Coolant System water

2. Accumulator water

3. Pumped Injection water

4. Decay heat

5. Core stored energy

6. Reactor Coolant System metal

7. Steam generator metal

8. Steam generator secondary energy

9. Secondary transfer of energy (feedwater into and steam out of the steam
generator secondary)

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 6.2-33.

The consideration of the various energy sources in the mass and energy release
analysis provides assurance that all available sources of energy has been included in

this analysis. Thus, the review guidelines presented in the Standard Review Plan have
been satisfied.

The mass and energy inventories are presented at the following times, as appropriate:
1. Time zero (initial conditions)

2. End of blowdown time

3. End of refill time

4. End of reflood time

5. Time of full depressurizations
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The methods and assumptions used to release the various energy sources are given in
Reference [38] except as noted in Section 6.2.1.3.10.1.6, which has been approved as
a valid evaluation model by the Nuclear Regulatory Commission.

6.2.1.3.10.1.9  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 release is that
offsite power is lost. This results in the actuation of the emergency diesel generators,
required to power the safety injection system. This is not an issue for the blowdown
period, which is limited by the DEHL break.

Three (3) cases have been analyzed for the effects of a single failure. The
double-ended pump suction case with both minimum and maximum safety injection for
the 2900 MWt rerated conditions was analyzed. In the case of minimum safety
injection, the single failure, postulated to occur, is the loss of an emergency diesel
generator. This results in the loss of 1 pumped safety injection train, thereby,
minimizing the safety injection flow and the loss of 1 train of RB spray and RBCU. For
the case of maximum safety injection, two separate single failures are postulated to
occur. One failure is the loss of 1 train of RB spray. The other is the loss of 1 train of RN

RN
03-003

RBCU. The analysis of both minimum and maximum safety injection cases ensures 03-003
that the effect of all credible single failures is bounded.
6.2.1.3.10.2 Short Term Mass and Energy Releases
The model used to perform the short term blowdown analysis is fully described in
Reference [12]. The release rates used for the reactor cavity, steam generator
compartment, and pressurizer compartment analyses are listed in the following tables:
1. Reactor cavity blowdown for 150 in? cold leg break.
02-01
2. Cold leg DEG.
3. Hotleg DEG.
4. Double ended pressurizer surge line break, Table 6.2-44.
5. Pressurizer spray line break, Table 6.2-45.
As indicated in Section 3.6, postulated breaks in the reactor coolant loop piping, except
for branch line connections, have been eliminated through the use of
Leak-Before-Break (LBB) methodology. The mass and energy releases previously 02.01
used are retained; however, as bounding values to serve as the basis for the Reactor i
Building subcompartment pressurization analyses described in Section 6.2.1.3.9. The
RCS temperature conditions for the rerating analysis for the short term LOCA transients RN
are also bounding for asymmetric loop flow considerations. 01-125
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6.2.1.3.10.3 Mass And Energy Release Analyses (Containment Response) For
Postulated Secondary System Pipe Ruptures Inside Containment

6.2.1.3.10.3.1  Method Of Analysis

The analysis of the main steam line break (MSLB) inside containment includes a
calculation of the mass and energy release from the blowdown and the corresponding
containment response. The mass and energy releases following a steam line rupture
are dependent upon the configuration of the plant steam system and containment
design, as well as the plant operating conditions and size of the rupture. The cases
examined in this study were chosen to determine a limiting case, in terms of
containment temperature and pressure response.

The following items must be considered for a steam line rupture inside containment
analysis:

- nuclear kinetics characteristics and power generation in the reactor core,

- stored energy in both the primary reactor system and the secondary steam
plant,

- main and auxiliary feedwater systems operation,

- safety systems operation (e.g. reactor trip, steam line isolation, ECCS),
- break size and location, and

- blowdown characteristics.

The analyses utilize a steam line break mass and energy release methodology which
considers all of these factors, such that conservative steam line break blowdown
transients may be determined.

The methods described in Reference [28] were used to generate the mass and energy
release information. These methods form the basis for the assumptions and models
used in the calculation of the mass and energy releases resulting from a steam line
rupture. Reference [28] presents an extensive analysis of the nature of the effluent
releases following a postulated main steam line rupture, as well as a discussion of the
methods and models and models used.

Transient mass and energy releases following a postulated secondary side pipe break
are calculated using the LOFTRAN code (Reference [32]). LOFTRAN is used for
studies of the transient response of a PWR system to specified perturbations in process
parameters. The code stimulates a multi-loop system including the reactor vessel, hot
and cold leg piping, steam generator (shell and tube sides), and the pressurizer. A
neutron point kinetics model is used and the reactivity effects of the moderator, fuel,
boron, and rods are included. The secondary side of the steam generator is modeled
as a homogeneous saturated mixture. Protection and control systems are simulated, as

6.2-37 Reformatted
June 2015



well as the Safety Injection System. The calculation of the secondary side break flow is
based on the Moody critical flow correlation (Reference [42]) with fl/D=0.

6.2.1.3.10.3.2 Definition Of Cases

The postulated break area can have competing effects on blowdown results. Larger
break areas result in larger break mass flow rates. However, larger breaks also result in
earlier generation of protective trip signals following the break and a reduction of both
the power reduction by the plant and amount of high energy fluid available to be
released to the containment.

To determine the effects of plant power level and break area on the mass and energy
releases from a ruptured steam line, a spectrum of cases have been evaluated. For
plant power levels of 102%, 75%, 50%, 25%, and 0% of the Engineered Safeguards
Design (ESD) rating, 4 break sizes have been defined.

1. Afull double-end rupture (DER) of main steam line. Note that integral steam
generator flow restrictors limit the maximum break size to 1.4 ft? in any 1
steam line.

2. Alarge DER having an area just larger that that at which water entrainment occurs.

3. A small DER having an area just smaller than that at which water entrainment
occurs.

4. A small split rupture defined as the largest break size in which the isolation signals
must be generated by high containment pressure signals and result in no water
entrainment on the break effluent.

Table 6.2-47a shows the steam line break mass and energy release to containment
cases which were analyzed. Note that, at full power, no entrainment was predicted in
any of the DER cases. However, full power large and small DER break sizes were
analyzed, both with no entrainment, to provide a sensitivity. For the steam line break
mass and energy releases to containment cases analyzed, a number of failures have
been considered either individually, or in combination with other failures. The failures
considered are: failure of the emergency feedwater runout control system to function,
failure of a single train of the Safety Injection System, and failure of a main feedwater
isolation valve to close.

Failure of a main steam isolation valve to close has not been explicitly considered as
part of the mass and energy release calculation, but is included separately with the
containment response portion of this analysis.

6.2.1.3.10.3.3 Mass And Energy Release Calculation Assumptions

The key assumptions made in the calculation of mass and energy releases for
determination of the containment response analysis are discussed below.
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6.2.1.3.10.3.3.1 Reactor Coolant System

Table 6.2-46b identifies the nominal plant design parameters considered in this
analysis.

Initial Power Level

Steam line breaks can be postulated to occur with the plant in any operating condition
ranging from zero to full power. Since steam generator mass decreases with increasing
power level, breaks occurring at lower power levels will generally result in a greater total
mass release to containment. However, because of increased stored energy in the
primary plant, increased heat transfer in the steam generator, and additional heat
generation in the fuel, the energy release to the containment from breaks postulated to
occur while at power, may be greater than for breaks occurring with the plant at a zero
power condition. Additionally, steam pressure and the dynamic conditions in the steam
generators change with pressure and the dynamic conditions in the steam generators
change with increasing power and have a significant influence on both the rate of
blowdown and the amount of moisture entrained in the fluid leaving the break.

Because of the opposing effects (mass versus energy release) of changing power level
on steam line break releases, no single power level can be singled out as a worst case
initial condition for containment response following a steam line break. Therefore,
several different power levels from zero to full power conditions were investigated.

In general, the plant initial conditions for each case are assumed to be at the nominal
value, with appropriate uncertainties included. Table 6.2-46c¢ identifies the values
assumed for RCS flowrate, pressurizer pressure, RCS vessel average temperature,
pressurizer water volume, steam generator water level, and feedwater enthalpy
corresponding to each power level analyzed.

Core Decay Heat

Core residual heat generation assumed is based on the 1979 ANS Decay Heat + 2c
model.

Reactor Coolant Metal Heat Capacity

As the primary plant cools, the temperature of the primary coolant drops below the
temperature of the reactor coolant piping, the reactor vessel, and the reactor coolant
pumps. As this occurs, the heat stored in the metal is available to be transferred to the
faulted steam generator. The effects of stored heat in the RCS metal mass are included
in the results using conservative thick metal masses and heat transfer coefficients.
However, stored heat does not have a major impact on the calculated mass and energy
releases.
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Core Reactivity Coefficients

Conservative core reactivity coefficients corresponding to end-of-cycle conditions were
chosen to maximize the reactivity feedback effects resulting from the steam line break.
Use of maximum reactivity feedback maximizes the potential for a post trip return to
power, this conservatively maximizes heat transfer to the steam generator. The most
reactive control rod assembly assumed to be stuck out of the core.

Rod Control
The rod control system was assumed to be in manual operation for all analyses.

6.2.1.3.10.3.3.2 Secondary System

Main Feedwater System

The rapid depressurization which occurs following a steam line rupture typically results
in large amounts of water being added to the steam generators through the Main
Feedwater System. Rapid closing feedwater control valves in the main feedwater lines
limit this effect. The feedwater addition which occurs prior to closing of the feedwater
line control valves influences the steam generator blowdown in several ways. First, the
rapid addition increase the amount of entrained water in large break cases by lowering
the bulk quality of the steam exiting the rupture. Secondly, because the water entering
the steam generator is subcooled, it lowers the steam pressure thereby reducing the
flow rate out of the break. As the steam generator pressure decreases, some of the fluid
in the feedwater lines downstream of the control valves will flash into the steam
generators providing additional secondary fluid which may exit out the rupture. Finally,
the increased flow causes an increase in the heat transfer rate from the primary to
secondary system resulting in greater energy being released out the break. Since these
are competing effects on the total mass and energy release, no worst case feedwater
transient can be defined for all plant conditions.

In the analysis, the worst effects of each variable have been assumed. For example,
moisture entrainment for each break is calculated assuming conservatively small
feedwater additions such that the entrained water is minimized. Determination of total
steam generator inventory, however, is based on conservatively large feedwater
additions as described below.

For double-ended-ruptures, main feedwater flow to the intact steam generators was
modeled by assuming a constant feedwater flow until feedwater isolation. This
minimizes the fluid inventory in the intact generators at the time of isolation, which
reduces their cooling effect. This conservatively maximizes the energy which must be
released through the break. The mass of feedwater added to the affected steam
generator prior to feedline isolation is based upon the conservative assumption that the
feedwater flow is at pump runout for the full-time period from initiation of the break until
feedline isolation is complete. Feedline isolation may be provided by either the
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feedwater isolation valve or closure of both the feedwater regulating valve and the
feedwater bypass control valve. The total response time of 10 seconds includes a 1.5
second instrument response time and 8.5 second valve stroke time.

For the split breaks, feedwater flow to all generators was increased proportionally with
the steam releases from the steam generators.

Following feedwater isolation, as the steam generator pressure decreases, some of the
fluid in the feedwater lines downstream of the isolating valve may flash to steam if the
feedwater temperature exceeds the saturation pressure. This unisolatable feedwater
line volume is an additional source of high energy fluid that was assumed to be
discharged out of the break and is conservatively maximized in this analysis.

Emergency Feedwater System

Generally, within the first 30 seconds following a steam line break, the Emergency
Feedwater System will be initiated on any 1 of several protection system signals.
Addition of emergency feedwater to the steam generators will increase the secondary
mass available for release to containment as well as increase the heat transferred to the
secondary fluid. The emergency feedwater flow rates were developed with the following
conservatisms incorporated. The flow rates to the faulted loop were assumed to be
conservatively high, maximizing the available mass for release to containment, and flow
rates to the intact loops were assumed to be conservatively low, minimizing the
available mass for secondary side heat removal.

The Emergency Feedwater System is designed to automatically isolate flow to the
faulted steam generator and to limit flow to the faulted steam generator to less than
1000 gpm. With proper operation, emergency feedwater flow to the faulted generator is
not more than 1000 gpm and generally automatically terminated within 48 seconds of
detecting high flow to a depressurized SG. For conservatism, however, the emergency
feedwater flow to the faulted generator was assumed to be 200 gpm until operator
action is taken to terminate flow.

Steam Generator Fluid Mass

Conservative initial steam generator masses were used in all of the cases analyzed.
The initial masses for the faulted steam generator were calculated as the mass
corresponding to the programmed level + 5% of narrow range span. The initial masses
for the intact steam generators were calculated as the mass corresponding to the
programmed level -5% of narrow range span. Although the effect is not significant, this
conservatively maximizes the secondary inventory available for release to containment,
while minimizing the heat transfer capability of the intact steam generators.
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Steam Generator Reverse Heat Transfer

Once steam line isolation is complete, those generators in the intact loops become

sources of energy which can be transferred to the faulted steam generator. This energy

transfer occurs via the primary coolant. As the primary plant cools, the temperature of
the RCS coolant flowing in the steam generator tubes drops below the temperature of
the secondary fluid in he intact steam generators resulting in energy being returned to
the primary coolant. This energy is then available to be transferred to the steam
generator with the broken steam line. The effects of reverse steam generator heat
transfer are included in the results.

Break Flow Model

Piping discharge resistances were not included in the calculation of the releases from
the steam line ruptures (Moody, Curve, Reference [42], for an fl/D = 0 was used).

6.2.1.3.10.3.3.3 Protection System

The protection systems available to mitigate the effects of a main steam line break
accident inside containment are listed below along with the corresponding actuation
signals modeled. The setpoints and delay times modeled in this analysis are provided
in Tables 6.2-46d, 6.2-47a, and 6.2.-47b.

Reactor Trip

The following reactor trip signals were modeled in this analysis:

- Low pressurizer pressure

Safety Injection System actuation
- Overpower AT

- High-1 containment pressure

Safety Injection

The following safety injection signals (SIS) were modeled in the analysis:

- Low pressurize pressure
- Low steam line pressure
- High-1 containment pressure
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Steam Line Isolation

Main steam isolation valve actuation was modeled following receipt of any of the
following:

- Low steam line pressure
- High-2 containment pressure

Feedwater Isolation

The following feedwater system isolation signals were modeled in this analysis:

- Low pressurizer pressure
- Low steam line pressure
- High-1 containment pressure

6.2.1.3.10.3.3.4 Safety System Failure Considerations

To minimize the number of cases to be analyzed, multiple failures were assumed in
many, but not all, of the steam line break mass and energy release to containment
cases analyzed. The following failures in the mass and energy release calculations are
postulated which may significantly affect the containment results. The failure of a main
steam isolation valve has been considered separately in the containment response
analysis.

Failure of One Train of the Safety Injection System

A minimum Safety Injection System (SI) flow rate corresponding to the failure of one
safety injection train was assumed in this analysis. A minimum Sl flow is conservative
since the reduced boron addition maximizes a return to power resulting from the RCS
cooldown. The higher power generation increases heat transfer to the secondary side,
maximizing both mass and energy flow out of the break. The delay time to achieve full
S| flow was assumed to be 27 seconds.

Failure of Feedwater Isolation Valve (FWIV) in Faulted Loop

If the FWIV in the feedwater line to the faulted steam generator is assumed to fail in the
open position, main feedwater would continue from the condensate pumps until
isolation is provided via closure of the feedwater regulating valve and feedwater bypass
control valve. Also, the unisolatable feedwater line volume will increase by the volume
of the feedwater line between the isolation valve and the feedwater regulating valve and
bypass control valve. This additional inventory would then be available to be released
to containment.
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Failure to Automatically Isolate Emergency Feedwater

The Emergency Feedwater System is designed to isolate emergency feedwater flow to
the faulted steam generator via closure of control valves. Failure to automatically close
a control valve to the faulted generator results in the addition of up to 1000 gpm of
emergency feedwater flow to the faulted generator until operator action is taken to
terminate the flow. The increased emergency feedwater flow conservativel