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ABSTRACT

The document “Code Qualification Document for Best Estimate Loss of Coolant Accident
Analysis” (WCAP-12945-P-A) discussed the WCOBRA/TRAC computer code and the
methodology used to determine the 95" percentile peak cladding temperature (PCT) for a large
break loss of coolant accident (LOCA) scenario. Westinghouse has reviewed the large break
code and methodology to determine if the same principles could be adapted to reliably predict the
processes that occur in a small break LOCA lasting from several hundred to several thousand
seconds. This document, “Code Qualification Document for Best Estimate Small Break LOCA
Analysis,” (WCAP-14936), describes the WCOBRA/TRAC small break LOCA code version, the
code validation performed, and a methodology to determine the 95" percentile PCT for small
break LOCA transients.

Volume 1 describes the features, models and correlations contained in the small break LOCA
version of the WCOBRA/TRAC computer code. First, the small break processes considered to
have the greatest effect during a small LOCA event are identified and ranked in the phenomena
identification and ranking table (PIRT). The sufficiency of the large break WCOBRA/TRAC
models and correlations for small LOCA analysis is then evaluated. A comprehensive
presentation of the WCOBRA/TRAC-SB models and correlations follows.

Volume 2 documents simulations of a large number of separate and integral effects tests using
this small break version of the code. The simulations provide, at different scales, predicted
transients in which all of the important processes are compared with experimental data. The
information obtained from the simulations is used to assess errors within the code. The test
simulations and subsequent comparison to experimental data determine the bias and uncertainty
of major model packages as they apply to small break LOCA thermal-hydraulic conditions.

Volume 3 reviews the operator actions pertinent to a small break loss-of-coolant accident
(LOCA) event using Indian Point Unit 2, a four-loop pressurized water reactor (PWR), as the
reference. Sources of uncertainty in the plant condition and the limiting accident analysis
assumptions are identified. The effects of various assumptions on small break LOCA transient
behavior are investigated through numerous calculations using WCOBRA/TRAC-SB. The
calculations examine the sensitivity of the results to the break size, location, orientation, and
offsite power availability.
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Volume 4 presents calculations that are performed to determine the sensitivity of results to the J\/
plant core power distribution, the initial and boundary conditions, and code modelling
assumptions. These studies, in which parameters are varied one at a time, are performed for

Indian Point Unit 2 to quantify the sensitivity of plant behavior to changes in plant initial

conditions and accident modelling. An uncertainty methodology consistent with the application

of the Code Scaling, Applicability, and Uncertainty (CSAU) methodology is identified to define

the overall plant analysis uncertainty and is applied to determine the 95 percentile PCT for the

Indian Point Unit 2 small break LOCA analysis. Volume 4 also demonstrates the compliance of

the Westinghouse best estimate large break LOCA methodology with U.S. Nuclear Regulatory

Commission (NRC) Regulatory Guide 1.157 and with 10CFR50.46.
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Offsite Power Available

Oak Ridge National Laboratory

Peak Cladding Temperature

Phenomena Identification and Ranking Table

Peak Linear Heat Generation Rate

Peak Linear Heat Rate

Low Power Region Relative Power

Pressure-operated Relief Valve

Pressurized Water Reactor

Reflood Assist Bypass Line

Request for Additional Information \J_/’
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ROSA
RSIC
RWST
SBLOCA
SCNB
SG
SGTP
SI
SIS
SPL
SPV
\_/ SPV
THTF
TPFL
TRAN
TS
TSI
UHI
UPTF

LIST OF ACRONYMS AND ABBREVIATIONS (Cont’d)

Relaxed Axial Offset Control
Reactor Coolant Pump

Reactor Coolant System

Core Recovery

Residual Heat Removal
Rig-of-Safety Assessment
Radiation Shielding Information Center
Refueling Water Storage Tank
Small Break Loss of Coolant Accident
Subcooled Nucleate Boiling

Steam Generator

Steam Generator Tube Plugging
Safety Injection

Safety Injection Systems
Single-phase Liquid Convection
Single-phase Vapor Convection
Single-Phase Vapor

Thermal Hydraulic Test Facility
Two-Phase Flow Loop

Transition Boiling

Technical Specifications

Safety Injection Water Temperature
Upper Head Injection

Upper Plenum Test Facility
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COMMONLY USED EQUATION NOMENCLATURE

sonic velocity

heat transfer coefficient

h
: grid blockage ratio h normalized pump head (Ch. 9)
v vapor absorption coefficient h; interfacial heat transfer coefficient

a, liquid absorption coefficient H enthalpy

A area H,, enthalpy of vaporization

Ay axial flow area H, Meyer hardness

A, lateral flow area 1 grid rewet index (Ch. 5,6)

A, wall heat transfer area I pump moment of inertion (Ch. 9)
A, intercell friction area k thermal conductivity

A, interfacial area K loss coefficient (Ch. 2,4)

B mass transfer number K conductance (Ch. 7)

C, slip distribution parameter Ky vertical interfacial drag coefficient
Cp drag coefficient K, transverse interfacial drag

G, specific heat at constant pressure coefficient

C, specific heat at constant volume K,  vertical wall drag coefficient

D diameter K,, transverse wall drag coefficient
D, hydraulic diameter Ky axial flow form loss coefficient
D deformation tensor K, transverse flow form loss coefficient
e specific energy L length
£ wall friction factor L, gap width
f interfacial friction factor Lgo orthogonal gap width
f theoretical density fraction (Ch. 7) L, mean beam length

F ramping function ¢, momentum mixing length

F turbulence anisotropy tensor b energy mixing length

F gray body factor (Ch. 6) 'h mass flowrate

Foyy Chen convective boiling multiplier M momentum (.Ch' 2)

& force M molecular weight (Ch. 7)

g gravitational acceleration " pump head multiplier (Ch. 9)

8. gravitational conversion constant N mole fraction

. L. , . N number density

g gravitational acceleration vector o

= N, pump torque multiplier (Ch. 9)

G mass flux P viscosity number

Gy axial mass flux P pressure

G, transverse mass flux Py wetted perimeter
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Pr

qwl

=<

Prandtl number

fuel rod pitch

wall-liquid heat transfer rate
wall-vapor heat transfer rate
interface-liquid heat transfer rate
interface-vapor heat transfer rate
wall-liquid heat transfer
wall-vapor heat transfer
bubble/drop radius

radial coordinate

internode resistance (Ch. 7)
radiation resistance (Ch. 6)

gas constant (Ch. 10)

orifice hole radius

Reynolds number

specific entropy

net rate of entrainment

Chen building suppression factor
rate of entrainment

rate of de-entrainment

Stanton number

time

temperature

pump torque (Ch. 9)

stress tensor

Reynold stress tensor

vertical velocity component,
Cartesian coordinates

vertical velocity component,
subchannel coordinates
transverse velocity component,
Cartesian coordinates

volume

mesh cell volume
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We

Greek

(o7 -7 Miiaw B -~ T ~ S~

™

Mg

transverse velocity component,
Cartesian coordinates
transverse velocity, subchannel
coordinates

orthogonal transverse velocity,
subchannel coordinates

Weber number

quality

vertical direction, Cartesian
coordinates (Ch. 2)

vertical direction, subchannel
coordinates

axial direction, 1D components
transverse direction, Cartesian
coordinates

transverse direction, Cartesian
coordinates

transverse direction, subchannel
coordinates

void fraction

normalized pump speed

volumetric coefficient of expansion

net rate of mass transfer
film thickness

Kronecker delta

thermal emissivity

strain

fraction of vapor generation coming
from entrained liquid

de-entrainment efficiency

thermal diffusivity

L



>

characteristic wave length

viscosity

-

turbulent viscosity

®. R

density

absorption cross section"
surface tension

stress (Ch. 2, 7)

fluid-fluid stress tensor

lda a a ™M ©

Q
%

Stephan-Boltzmann constant

shear stress

Lo I |

viscous drag force

interfacial drag force

a

specific volume
normalized pump volumetric flow
Martinelli-Nelson factor

< =R < <

1)

absorption efficiency

source term

g ©

specific speed

Subscripts

am annular-mist flow regime
ACC  accumulator
b bubble

br bubble rise

bubbly bubbly flow regime

Brom Bromley correlation

crit critical

cwv  convection wall-vapor

- CHEN Chen correlation

CHF  critical heat flux

churn  chumn flow regime

CT churn-turbulent flow regime
d drop
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dcht

Jric
form
FC
FD
FF

4
gas

gv

Henry

MIN
nc

Inc

Ifc

NB

direct contact heat transfer
dispersed droplet flow regime
de-entrainment

dispersed flow film boiling
dispersed flow film boiling
entrained field

entrainment

saturated liquid

film boiling

flow regime

friction loss

form loss

forced convection

film/drop flow regime
falling film flow regime
saturated vapor

gas

grid to vapor

Grashof number

hydraulic

Henry correlation

interfacial

inverted annular flow regime
inverted liquid slug flow regime
phase k

liquid field

liquid

large bubble

mixture

-minimum film boiling point

natural convection
laminar natural convection
laminar forced convection
normalized

nucleate boiling

orifice



sat
slug

SB
SCL
SCNB
SCvV
SNL
SLV
SLB
SPL
SPV
sup
1B
D
Inc
10
vo,

vap
ve
ve

wb
w/{
wv

pipe

quench front

relative

radial (Ch. 7)

radiation wall-entrained field
radiation wall to grid
radiation wall-liquid field
radiation wall-vapor field
drop formation

saturation

slug flow regime

slug

small bubble flow regime
subcooled liquid

subcooled nucleate boiling
subcooled vapor

superheated liquid
superheated vapor

small to large bubble flow regime
single-phase liquid
single-phase vapor
suppression

transition boiling

top deluge flow regime
turbulent natural convection
top quench

uranium dioxide

vapor field

vapor

between vapor and entrained fields
between vapor and liquid fields
wall

wall to fluid as latent heat
wall to liquid

wall to vapor
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vertical direction, Cartesian
coordinates

vertical direction, subchannel
coordinates

axial direction, 1D components
transverse direction, Cartesian
coordinates

transverse direction, Cartesian
coordinates

transverse direction, subchannel
coordinates

Zirconium

two-phase

phase change

Superscripts

S N~

T TN

interfacial surface average
old time value

donor cell old time value
turbulent

transpose

per unit area

per unit volume



SECTION 24
PLANT SOURCES OF UNCERTAINTY

24-1 Introduction

If the initial and boundary conditions were known exactly, then the uncertainty in a small break
LOCA calculation would depend only on the uncertainty in the code models and correlations,
plus the uncertainty of these models as they are applied at full-scale. The code validation using
separate effects tests identifies the code bias and uncertainty in the most important small break
processes. Variability in the plant initial and boundary conditions, however, introduces
additional uncertainty into the calculation. Section 21 of WCAP-12945-P-A (Bajorek, et al.,
1998) discusses the plant uncertainties important in a large break LOCA. For small break
LOCA, some additional plant uncertainties must be considered; these are discussed in this
section. The objective of this section is to define the PWR conditions that should be assumed
and ranged in scoping studies to determine the effect of these various parameters in a small break
LOCA event.

The sources of uncertainty are categorized into five separate groups. Section 24-2 discusses
uncertainty due to the plant physical configuration, and Section 24-3 discusses variability in the
core initial operating conditions. Section 24-4 describes uncertainties in plant fluid conditions,
Section 24-5 discusses reactor accident boundary conditions, and Section 24-6 discusses
uncertainties in modelling the dominant small break LOCA processes.

24-2 Plant Physical Configuration
The plant physical configuration consists of those parameters that define the geometric and

hydraulic condition of the reactor at the time the LOCA occurs. These parameters are listed
below and then defined:

a) Dimensions

b) Flow resistance

c) Pressurizer location, relative to broken loop

d) Hot assembly location, relative to vessel upper internals

e) Hot assembly type
f) Steam generator tube plugging level
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Table 24-1 summarizes the analysis basis for values of these parameters and the parameters in

the other categories.

a)

b)

Dimensions

Section 21 of WCAP-12945-P-A (Bajorek, et al., 1998) discusses variability in
PWR dimensions. For small break LOCA analysis, as in large break analysis,
reactor dimensions, volumes, and surface areas are obtained directly from
component drawings. Some variability exists in these dimensions due to
tolerances and to approximations that may have been made in geometrical
calculations. Dimensions also vary from nominal due to thermal expansion.
Uncertainty in the volume and dimensions of the reactor is most likely to affect
the blowdown period of the small break LOCA transient because mass depletion
occurs much more rapidly in blowdown than during the other periods.

For small breaks, LOCA loads are not sufficient to cause deformation of fuel
assembly grids, control rod guide tubes, or steam generator tubes. A dynamic
analysis of the Reactor Coolant System (RCS) performed under combined seismic
and LOCA loads demonstrates that key RCS components will continue to perform
their safety functions. Control rod guide tubes are not displaced from their
nominal positions, and control rod insertion will occur until the break area is
greater than 1.0 square foot in the hot leg. Control rod guide tube forces are much
less for a cold leg break.

Modelling Approach: [

]3,(3
Flow Resistance
The flow resistance in the vessel and loops during a small break LOCA

calculation is a function of the models used to calculate the friction and form loss
coefficient factors in the plant configuration. The accuracy of the loss coefficients
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is confirmed by the prediction of steady-state flow and temperature conditions of
the operating reactors. While the accuracy of these predictions using loss
coefficients can be subject to large uncertainties, the flowrates and hydraulic
losses are low in a small break LOCA. Flows are driven primarily by natural
circulation and hydrostatic differences after reactor coolant pump (RCP) trip.
Unlike a large break LOCA, friction losses and form losses in the loops in a small
break LOCA do not constitute a major uncertainty.

Several integral effects tests, however, have indicated that the amount of steam
bypass through the upper head spray nozzles can have a strong effect on a small
break LOCA. A higher upper head bypass was found to result in a less severe
core uncovery. ‘

In a Westinghouse PWR, bypass from the upper head and upper plenum can occur
through two flow paths. Steam can reach a cold leg break by passing through the
upper head spray nozzles. Steam can also leak from the upper plenum to the
downcomer through the small gap between mating surfaces of the hot leg outlet
nozzle and the reactor vessel wall.

Modelling Approach: [

]a,c
Pressurizer Location, Relative to Broken Loop

The pressurizer may be on the broken loop or one of the unbroken loops. Its
location is a source of uncertainty because it may introduce some asymmetry into
the LOCA transient.

Modelling Approach: The effect of pressurizer location on the calculated LOCA
results will be examined during the scoping studies.
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d) Hot Assembly Location, Relative to Vessel Upper Internals L/

In a large break LOCA, the relative location of the hot assembly introduces
uncertainty into transient results because the variation of upper head and upper
plenum flow depending on position can significantly affect blowdown cooling.
This is discussed in Section 21 of WCAP-12945-P-A (Bajorek, et al., 1998). Ina
small break LOCA, the overall system drain is slow and water that falls into the
core is redistributed within the two-phase mixture present below the upper core
plate. The dynamic behaviors associated with flow through the core to the break
location that characterize a large cold leg break LOCA do not occur in small
breaks.

Modelling Approach: The limiting position established by varying the hot
assembly location in the plant large break LOCA scoping studies (locations
beneath a guide tube and beneath an upper core plate open hole are analyzed) is
adopted for small break LOCA analysis.

e) Hot Assembly Type b

Uncertainties due to hot assembly design are discussed in Section 21 of
WCAP-12945-P-A.

Modelling Approach: {

]a,c

f) Steam Generator Tube Plugging Level

The steam generator tube plugging level affects a small break LOCA transient
through its effect on liquid holdup in the uphill tubes and on the primary to
secondary heat transfer. Plugging a steam generator tube removes the tube
completely from the RCS volume and reduces the total flow area and heat transfer
area through the steam generator. The increased potential for liquid holdup and

L
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reduced heat transfer area is a variation that must be considered in the LOCA
analysis.

Modelling Approach: The PWR is modelled with a level of tube plugging typical

of the level expected over subsequent cycles. Once the effect of this parameter is
determined, a conservative value will be used. [

]a.c

24-3 Plant Initial Operating Conditions: Core Power Parameters

Core power parameters are those which define the core power distribution and fuel stored energy

at the time of the LOCA. Considered under this category are the following:

a)
b)
<)
d)
€)
f
g)
h)
D
i)
k)

Core average linear heat rate

Peak linear heat rate

Hot rod average power

Hot assembly average power

Hot assembly peak heat rate
Axial power distribution

Low power region relative power
Hot assembly burnup

Reactor operating power history
Moderator temperature coefficient
Hot full power boron concentration

Core modelling using WCOBRA/TRAC is discussed in Section 20-1 of WCAP-12945-P-A
(Bajorek, et al., 1998). The core modelling guidelines originally used for large break LOCA are

retained for the small break model. As in the large break model, there are four core channels and
five fuel rods in the PWR model where the fuel rods are defined as:
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Rod 1: The rod in the core with the highest linear heat rate, assumed to also have the
highest average power and to reside in the assembly with the highest average
power

Rod 2: An average rod in the highest power assembly

Rod 3:  An average rod in the assemblies residing under support columns
Rod 4: An average rod in the assemblies residing under guide tubes

Rod 5: An average rod in the assemblies residing on the periphery of the core

There are three distinct regions (the hot assembly, the two average channels, and the low power
channel) which serve to resolve the radial power distribution in the core. Each fuel rod group has
parameters describing the peak linear heat rate, the average linear heat rate, and the axial
distribution of power. [

J*¢ The axial and radial core power distribution is of basic importance to both the peak
cladding temperature (PCT) uncertainty and the absolute value of the PCT.

The U.S. Nuclear Regulatory Commission (NRC) has approved the Westinghouse methodology
for the treatment of uncertainties to identify the 95-percent PCT value for application of the
WCOBRA/TRAC best estimate large break LOCA model to Westinghouse three- and four-loop
plants. For the small break LOCA case, this methodology has been simplified to reduce the
analytical effort required. The following paragraphs discuss the bounding of certain parameters
in the best estimate small break LOCA treatment of analysis uncertainties.

a) Core Average Linear Heat Rate
The only uncertainty affecting the initial core average linear heat rate (AFLUX) is
the core power measurement uncertainty. The range of this uncertainty was

estimated in the Westinghouse large break LOCA methodology as [
]a.c

Modelling Approach: |
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b)

]a.c
Peak Linear Heat Rate

The hot rod peak linear heat rate has an uncertainty that is [

]a.c
Modelling Approach: |
]B.C
Hot Rod Average Power
The hot rod has only a minor effect on the hot assembly fluid conditions, but
uncertainties in the hot rod power affect the rod internal gap pressure and cladding
burst time. In realistic small break LOCAs, cladding temperatures are low and

burst is unlikely.

Modelling Approach: [

P
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d) Hot Assembly Average Power

The hot assembly average linear heat rate is important because it affects fluid
conditions in the hot assembly channel and around the hot rod.

Modelling Approach: The small break modelling approach will remain consistent
with the large break approach. A review of numerous plant designs showed that
the average rod in the hot assembly is typically [ J*¢ lower than
the hot rod. Therefore, the relative nuclear power generated in the hot assembly
average rod is assumed to be [ 1*¢ lower than the hot rod relative nuclear
power (F ).

e) Hot Assembly Peak Heat Rate
The relationship in power of the hot rod in an assembly to an average rod in the
assembly depends on the assembly design and on the location of the hot rod
within the assembly.
Modelling Approach: It is conservatively assumed [
]a,c

f) Axial Power Distribution

The axial power distribution can vary considerably due to burnup and transient
operation. Distributions can be characterized and correlated with PCT [

1*¢ The
axial offset (A.O.) Technical Specification limits the skewness of power

distributions that can occur.

Modelling Approach: Plant-specific calculations will be performed in which
[

]a.c
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g) Low Power Region Relative Power

The power in the average rod (rod 5) of the low power region of assemblies is
determined from the core design and usually varies from [

J*¢ If this region has a low power, the interior channels (rods 3 and 4)
have a higher power. However, the two-phase mixture level in the interior
channel during a small break LOCA is negligibly affected by this small power
change.

Modelling Approach: A relative power [ J*© of the core average is
assumed for the reference case. This value is typical of current and future low
leakage loading patterns and is used in the WCOBRA/TRAC-SB cases to
determine the 95-percent PCT.

h) Hot Assembly Burnup

Hot assembly burnup affects fuel average temperature during normal operation.
Fuel temperatures and steady-state peaking factors are typically highest early in
the fuel cycle. This results in higher calculated PCT during the large break
LOCA. Later in life, the higher fuel rod pressures may cause greater flow
blockage should burst occur.

Modelling Approach: Beginning of life (BOL) conditions in the hot assembly are
assumed for consistency with the time in life at which core peaking factors are
limiting. The core average rods are assumed to be at an average burnup
representative of typical reload cycles.

i) Reactor Operating Power History
The power distributions that generate high peaking factors are relatively short
lived. A detailed accounting of the buildup of fission products shows that after

shutdown the axial power distribution will revert back to the original, steady-state
distribution. This effect is [ 2
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Modelling Approach: [ i/

]a.c

)] Moderator Temperature Coefficient
The moderator temperature coefficient (MTC) affects reactor shutdown during the
first few seconds of the small break LOCA blowdown period. The larger (less
negative) this value, the less responsive the reactor is to the increased fluid

temperature, which occurs in the first seconds of the LOCA event.

Modelling Approach: The maximum value specified in the Technical
Specifications is assumed to conservatively estimate core reactivity.

k) Hot Full Power Boron Concentration

A low initial primary fluid boron concentration slightly increases the total power \L
generated in the core during the first seconds of the blowdown period. N

Modelling Approach: A typical low value consistent with BOL conditions is
assumed.

In reducing the total number of required WCOBRA/TRAC-SB cases, bounding values of [

]a,c

For the methodology used in small break LOCA, the maximum nominal linear heat rate is the

: L
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J**. Defining the core average linear heat rate at 100-percent power as
AFLUX gives for example; if Fj, < 2.65:

[ |

As in the large break LOCA best estimate methodology, an additional [

.

24-4 Plant Fluid Conditions

The reactor primary fluid conditions are those parameters that describe the primary fluid
thermodynamic state at the time of the LOCA. Included in this category are the following:

a) Core average fluid temperature
b) Pressurizer pressure

c) Loop flowrate

d) Upper head fluid temperature

e) Pressurizer level

f) Accumulator water temperature
2 Accumulator pressure

h) Accumulator water volume

D Accumulator line resistance

)] Accumulator boron concentration

Because WCOBRA/TRAC-SB calculates a steady-state condition prior to the LOCA, the
thermodynamic state cannot be overspecified. Thus, four basic quantities are defined for the
primary fluid: its average temperature, pressure, volume, and flowrate. Defined are the states of
significant fluid regions, which are isolated from the RCS during steady-state but become part of
the RCS during the LOCA, such as the reactor vessel upper head and the accumulator.

Not all of the parameters in the above list are independent. Typically, if core power, primary

flow, and secondary temperature and pressure are specified, the primary fluid temperature and
pressure will seek appropriate levels consistent with these boundary conditions. In the modelling
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of these parameters, the secondary side conditions are adjusted as required to obtain primary side
conditions consistent with the Technical Specifications and planned operation.

In small break LOCA analysis using WCOBRA/TRAC-SB, a detailed model of the secondary
side is used. Actual plant values are used in acceptance criteria for the secondary side conditions
as modelled. Included in the secondary side modelling are the secondary side pressure, initial
mass, feedwater flowrate and temperature, and steam flow and exit quality.

Although the accumulator is isolated from the RCS by a check valve during normal operation, it
is considered part of the RCS and can inject for some small LOCA break sizes. The performance
of the accumulator during a LOCA depends on several factors including the water and cover gas
initial pressure, temperature, and volume. These are all subject to some variation. Typically,
pressure and volume are controlled to within plus or minus 10 percent. Because the
accumulators reside within containment, the long-term temperature of the containment
atmosphere will affect the accumulator water temperature.

Modelling Approach: Because of the length of a small break transient, variations in several of
the initial fluid conditions having uncertainty have minimal effect. The modelling approach for
small break LOCA analysis is as follows:

a) Core Average Fluid Temperature (7,,,), degrees F
[
I
b) Pressurizer Pressure (Pgcs), psia
[ I

c) Loop Flowrate (W,,,,), gpm per loop

]H.C
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d)

2

h)

J)

Upper Head (UH) Fluid Temperature (Ty,;,), degrees F

]a.c

Pressurizer Level (L), percent of full span

[ I

Accumulator Water Temperature (7,,.c), degrees F

]a.c

Accumulator Pressure (P,0), psia

]a.c

Accumulator Water Volume (V,..), cubic feet

] ac

Accumulator Line Resistance f% Kuco

[
]a.c

Accumulator Boron Concentration (C,cc), ppm

[ |

0:\4384-non\V384-24.wpd: 1b:040403 24-13



24-5 Reactor Accident Boundary Conditions

The reactor accident boundary conditions are defined as those conditions outside the RCS
pressure boundary that affect the LOCA transient. The break itself is considered a boundary
condition. The following parameters are included in this category: '

a) Break location

b) Break orientation

c) Break size

d) Offsite power availability
e) Safety injection flow

f) Safety injection temperature

g) Safety injection delay

h) Containment pressure

D Single failure assumption

0 Control rod drop time

k) Main steam safety valve performance

1) Auxiliary feedwater flowrate
m) Auxiliary feedwater temperature
n) Operator action

Items a through j listed above were identified as contributors to uncertainty in a large break
LOCA. These need to be reconsidered for small break LOCA.

Items k through n are contributors to uncertainty in a small break LOCA. Items k through m
affect conditions on the secondary side, which acts as a heat sink/source to the primary. Operator
action can impact the conditions on either the primary or the secondary.

The most important accident boundary condition is the postulated break. The break parameters
are discussed below first.

a) Break Location
Once it is postulated that the primary reactor coolant piping can fail, then all

points in the RCS can be assumed to be possible break locations. Previous small
LOCA break location studies have concluded that a break in one of the cold legs
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produces the most severe transient because of the relative ease by which safety
injection flow can be lost to the break. Other break locations in the RCS piping,
however, have the potential to cause deep core uncovery. Breaks at the bottom of
the loop seal or at the bottom of the hot leg occur at a lower elevation than a break
at the bottom of the cold leg. Thus, breaks at these locations can drain the
primary RCS to a lower level.

Modelling Approach: Scoping studies are performed to identify the most limiting
location in the RCS for a small break LOCA. Breaks in the cold leg, hot leg, and
at the bottom of the loop seal are considered.

b) Break Orientation

The break can be located at any circumferential location around the RCS pipe.
Other things being equal, a break located at the bottom of a pipe is generally
expected to result in a more severe small break transient because the break flow
quality will remain low for a longer period of time, which depletes the primary
system of a greater amount of inventory. Breaks located at the top or side of a
pipe do not have to drain to as low a level before the break flow transitions to
two-phase. However, the postulated break of a safety injection delivery line may
possibly penalize the pumped safety injection severely enough that this specific
break at the top of the cold leg is limiting.

Modelling Approach: Scoping studies are performed to determine the most
limiting break orientation. Breaks located at the top, side, and bottom of the
specific pipe (cold leg, hot leg, and loop seal) identified as being the most limiting
RCS location for a small break LOCA are examined.

c) Break Size

The size and shape of the break determines the rate at which the primary RCS
depressurizes and the rate at which inventory is lost from the system. Breaks of
relatively small size do not cause as much inventory depletion as larger breaks;
however, for the smaller breaks, the RCS depressurizes slowly, safety injection
flows are low, and the accumulators may not inject. Breaks with relatively large
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size depressurize quickly, but can have much greater total loss of inventory and a L
deep core uncovery.

Modelling Approach: A range of break sizes is considered. Scoping studies
consider a range of break sizes for the same set of plant initial and boundary
conditions to determine the most limiting break size(s). [

]a.c
d) Offsite Power Availability

Offsite power determines whether RCS pumps continue to run during the LOCA
and whether pumped safety injection comes on with only valve opening and
alignment delays. The effect of the RCS pumps on the LOCA transient may be
significant, depending on whether the pumps are assumed to coast down or to
continue running until they are tripped by the operator.

Modelling Approach: The initial scoping analysis will identify the bounding \]./
assumption regarding offsite power, as required by General Design Criteria
(GDC) 17.

e) Safety Injection Flow

The safety injection flow varies depending on the single failure assumed and on
the specific plant pump and injection line configuration. Current methods, which
are also used in currently accepted evaluation models, provide estimates of
minimum and maximum flow, which take into account several uncertainties.

Modelling Approach: Variations in safety injection flow delivery as a function of

break location will be examined in the scoping studies. Conservatively low SI
flow rates are used in all instances.
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g

h)

Safety Injection Temperature

The safety injection temperature may vary. This depends on the location of the
refueling water storage tank and on controls imposed by the Technical
Specifications.

Modelling Approach: An intermediate value between the Technical Specification
maximum value and a minimum temperature is assumed, with variations
examined in the sensitivity analysis.

Safety Injection Delay

The safety injection delays vary depending on whether loss of offsite power
(LOOP) is assumed to occur and on the electrical design of the plant being
analyzed.

Modelling Approach: Maximum delay times are assumed.
Containment Pressure

The containment pressure is dependent on the mass and energy release from the
RCS during the LOCA.

Modelling Approach: A constant containment atmospheric pressure of 14.7 psia
is assumed for the small break LOCA calculations.

Single Failure Assumption

For the Indian Point Unit 2 Emergency Core Cooling System (ECCS) design, no
more than one of three high head safety injection (HHSI) pumps can be postulated
to fail by the GDC3S5 criterion whether offsite power is available or not. If power
is assumed to be lost, the most limiting single failure for a small break LOCA may
be the loss of a diesel generator, which also prevents an auxiliary feedwater pump
from starting. This in turn can cause asymmetry in the auxiliary feedwater
delivery to the loops.
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Modelling Approach: Generically, scoping studies will investigate the effect on L )
the small LOCA transient of different single failure assumptions in conjunction Rt
with the offsite power availability. For the Indian Point Unit 2 analysis herein, in

offsite power available cases one HHSI pump is assumed to fail, and one diesel

generator is assumed to fail in LOOP cases.

) Control Rod Drop Time

In small breaks, loads are not sufficient to prevent control rod drop. Therefore,
control rod insertion is modelled in best estimate small break LOCA analyses.

Modelling Approach: Consistent with the current design basis for PWR plants,
control rods are assumed to drop during a small break LOCA. [

]a.c
k) Main Steam Safety Valve Performance

The secondary side safety valve setpoints are important in a small break LOCA | L/
because they determine the RCS pressure during the natural circulation period.

The higher the main steam safety valve (MSSV) performance setpoints are, the
higher the primary pressure during this period; higher primary pressure translates
into higher break flow and less total pumped safety injection. The valves have an
uncertainty in the pressure differential required to fully open them.

Modelling Approach: Sensitivity calculations consider uncertainties in the MSSV
setpoints.

D Auxiliary Feedwater Flowrate
The auxiliary feedwater flowrate affects the fluid conditions on the steam

generator secondary side and the effectiveness of the steam generator as a heat

sink.
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Modelling Approach: The minimum auxiliary feedwater flow is assumed,
according to the Technical Specifications.

Auxiliary Feedwater Temperature

The auxiliary feedwater temperature also affects the fluid conditions on the
secondary side of the steam generator.

Modelling Approach: A maximum value of auxiliary feedwater temperature is
considered, consistent with the Technical Specifications.

Operator Action

Unlike a large break LOCA scenario, a small break LOCA proceeds at a slow
enough rate that the reactor operator(s) can take action during the course of the
transient, consistent with plant Emergency Operating Procedures (EOPs).
Depending on the action, the severity of the core uncovery and cladding
temperature heatup can be significantly impacted.

Modelling Approach: The methodology considers the effect of operator action on
small break LOCA transients. While the principal action affecting the transient is
tripping per EOPs of the RCPs, the operator may also initiate charging pump flow,
start turbine-driven auxiliary feedwater pumps to maintain secondary side water
levels, and depressurize the secondary side system.

24-6 Global Model Parameters

The Phenomena Identification and Ranking Table (PIRT) in Volume 1 of this document lists the
small break processes expected to be dominant during a transient. The processes that received
the highest rankings in the small break PIRT were summarized as follows:

a)
b)
c)
d)
e)

Break flow

Mixture level
Horizontal flow regimes
Loop seal clearance
Fuel rod model
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f) Steam generator hydraulics
g) Condensation

The models and correlations in WCOBRA/TRAC-SB representing these processes are examined
in the code assessment studies in Volume 2 of this document. Most of the experimental data
used in these assessments were obtained from scaled test facilities. The code simulations and
comparisons to data identified the accuracy of various models and correlations in
WCOBRA/TRAC-SB, and in some cases represents these processes through a bias and
uncertainty.

Two aspects of the WCOBRA/TRAC-SB models should be considered further as follows:

. Processes where modelling has been simplified, or where the basic fundamental
physics of the process is not well understood and is thus subject to a large
uncertainty

. Phenomena that may have a more important effect on the PWR transient than in the
scaled experiment

Some models, although previously verified against nearly prototypical tests, should be
re-examined when being applied to the PWR. There are several reasons for this, the most
important being the difference in transient timescales resulting from the large increase in scale
involved in the application of the models to the PWR. Other reasons are relative lack of data for
verification of a specific model, model simplicity, and models judged to be of high importance
for the PWR relative to experiments.

The approach is to examine the models at full PWR scale using the bias and uncertainty
identified in the code validation studies, and in some cases, perform sensitivity studies on these
models using the PWR model. This identifies which model uncertainties have a global, or
system wide, effect on the PWR transient.

a) Break Flow
The calculated break flow in WCOBRA/TRAC-SB depends substantially on the

critical flow model. Section 13 in Volume 2 of this document shows that the
model performed well in predicting the subcooled and two-phase critical flowrates
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b)

c)

of a number of small break tests. The model exhibits little bias and uncertainty
for the subcooled breakflow condition, and also predicts the saturated and the
two-phase flow regions with an acceptable standard deviation. The calculated
break flow also depends on other factors such as break geometry, orientation, and
losses in the piping leading to the break.

Modelling Approach: The break flow is ranged by varying the break size. The
best estimate value of the break flow model is used without bias, and the ranging
of the break size identifies the most limiting transient. {

e
Mixture Level

The inner vessel mixture level swell depends on the WCOBRA/TRAC-SB models
and correlations for vertical interfacial drag. Section 15 in Volume 2 of this
document examines the code predictions of level swell tests in full-scale height
bundles. This includes the Oak Ridge National Laboratory Thermal Hydraulic
Test Facility (ORNL-THTF) and the Westinghouse G-1 Core Uncovery Tests. A
bias was identified in the WCOBRA/TRAC-SB model due to an overprediction of
the vertical interfacial drag in the low void fraction flow regimes (small bubble
and large bubble).

Modelling Approach: A bias is applied in the core in PWR calculations to
account for this model deficiency. [

]a.c
Horizontal Flow Regimes

The horizontal flow regimes and the transition between regimes affects the flow in
hot and cold legs, and in the loop seal. During a small break LOCA, transient
levels form in the hot and cold legs, and for most of the transient, the horizontal
stratified and slug flow regimes occur. The interfacial drag between the vapor and
the liquid phases determines their relative motions. The interfacial drag is
important during the natural circulation period because reflux from the steam
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generator may drain back to the upper plenum through the hot leg; the rate at i/
which reflux reaches the upper plenum partly depends on the interfacial drag in

the horizontal stratified flow regime. For larger sized small breaks, the vapor

flowrate in the hot leg may be sufficient to entrain droplets from the horizontal

interface at some point during the LOCA. This process limits the backflow of

reflux to the upper plenum from the steam generators and also increases the

sweepout of water from the loop seal during the loop seal clearance period.

Modelling Approach: WCOBRA/TRAC-SB includes separate correlations for
interfacial drag and entrainment that are used in the horizontal stratified and slug
flow regimes. [

]3,0
d) Loop Seal Clearance

The severity of a small break LOCA, in terms of core uncovery and overall vessel
inventory, depends somewhat on the loop seal clearing process. As described in \L/
Section 16 in Volume 2 of this document, the loop seal clearing process is |
complex. The physical process itself depends on interfacial drag between the

vapor slipping through the loop seal horizontal section and the water remaining in

that region. At high gas flows, the interfacial drag is sufficient to “push” water

toward the elbow leading to the pump suction. This causes a transition from

stratified to slug flow and leads to larger amounts of water in the uphill pump

suction leg. Countercurrent flow limits (CCFL) in the uphill pump suction leg can
become an important factor in determining the amount of water that flows back

into the loop seal horizontal section, or alternatively is swept out through the

pump.

Modelling Approach: [

]a.c
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Fuel Rod Model

The fuel rod model contains several models for processes that have considerable
uncertainty. The models and processes that must be considered are:

. Decay heat

. Fuel conductivity

. Fuel heat capacity

. Fuel-clad gap heat transfer coefficient
. Fuel rod internal pressure

. Cladding burst temperature

. Cladding burst strain

. Metal-water reaction rate

. Minimum film boiling temperature

. Clad-flvid heat transfer coefficient

Section 21 of WCAP-12945-P-A (Bajorek, et al., 1998) discusses the uncertainty
related to each of these models.

In a realistic small break LOCA calculation, PCTs are generally low. Clad-burst
and high metal-water reaction rates are therefore not likely.

Modelling Approach: Models that affect the global hydraulics are ranged in
WCOBRA/TRAC-SB simulations. Calculations that exhibit significant impact on
PCTs are [

| i
Steam Generator Hydraulics
The steam generator processes that potentially have a large effect on a small break
transient are flooding in the steam generator tubes and condensation heat transfer.

Flooding and CCFL in the steam generator tubes reduces the amount of water
available to reflux back to the upper plenum. Condensate that is held up in the
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tubes creates a two-phase head, which can cause deeper core uncoveries than L/
when there is no liquid holdup in the tubes. )

Condensation in the tubes generates water that can drain back into the hot legs and
vessel. High condensation, however, may lead t6 a large amount of water
becoming held up on the uphill side of the steam generator tubes (causing a higher
resistance and deeper core uncovery). High condensation can also result in a
greater amount of condensate draining into the loop seal region, which causes the
loop seals to clear later in time.

Modelling Approach: Simulations of flooding and CCFL in steam generator
tubes showed that WCOBRA/TRAC-SB tends to calculate flooding at a lower gas
velocity than the gas velocity from the Wallis correlation. Because this represents
a conservative bias in the code, the models for flooding in the steam generator
tubes are not ranged.

]a.c
g) Condensation

Condensation in the cold legs reduces the steam flow to the break and helps to
retain more inventory in the RCS. High condensation, however, can cause a
higher resistance to two-phase flow through the loops and can accelerate the rate
at which a clear loop seal might replug due to backflow (over the weir) through
the pump.

Modelling Approach: [

]a,c
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24-7 Overview of the Plant Analysis Methodology

Sections 24-2 through 24-6 discuss the parameters and models that can generate uncertainties in
small break LOCA performance predictions. Table 24-1 lists these parameters and models, and
the values adopted as the analysis basis values. In general, nominal plant conditions are assumed
[

I

The modelling approaches used to consider the plant physical configuration, plant initial and
boundary conditions, and global model parameters have been described in this section. The
process by which the sources of uncertainty are considered for a plant application defines the best
estimate small break LOCA evaluation methodology. This methodology, which is applicable to
Westinghouse two-, three-, and four-loop plants, is summarized in this subsection.

In a small break LOCA methodology, both the initial plant conditions and model effects are
important factors to consider in evaluating uncertainty to establish the PCT with 95% probability.
The plant conditions may be subdivided into initial operating conditions and core power
parameters, with [ 1.*¢ In addition, a
model or a parameter may be global or local in its effect. A parameter has a global effect if it can
affect the entire thermal and hydraulic transient. It has a local effect if it only affects the local
conditions at the PCT location. This is shown in Figure 24-1.

The Westinghouse realistic small break LOCA methodology to determine the 95th percentile
PCT consists of several steps. The WCOBRA/TRAC-SB code as documented in Volume 1 and
validated in Volume 2 is used to perform a number of plant runs. This is followed by the
analysis to determine the 95th percentile PCT. Figure 24-2 summarizes the methodology steps
and provides a roadmap to where they are presented in this document.

The initial task is to perform a cold leg break spectrum analysis for both the case of offsite power
lost and the case of offsite power available; the limiting case break thus identified is the basis for
scoping studies that investigate whether another break location, break orientation, or steam
generator tube plugging condition is more limiting. The limiting case break from the scoping
studies is then further analyzed with WCOBRA/TRAC-SB to determine the plant’s response to
changes in initial conditions through one-at-a-time sensitivity studies. The sensitivity studies are
used to develop the initial conditions bias and uncertainty.

0:\4384-nonW384-24.wpd:1b:040403 24-25



The development of a 95th percentile PCT includes investigating many different combinations of L/
variables, and [ )

]a.c
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]a,c

The best estimate small break LOCA methodology is applied to Indian Point Unit 2 in
Volumes 3 and 4 of this document. Figure 24-2 is a flowchart showing the sections in this
document discussing the general small break LOCA analysis methodology; Figure 24-3 is the
same chart but is specific to the Indian Point Unit 2 application.
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Key Small Break LOCA Parameters and Analysis Basis Values

Table 24-1

P
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Key Small Break LOCA Parameters and Analysis Basis Values

Table 24-1 (Cont’d)

]a.c
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Table 24-1 (Cont’d)
Key Small Break LOCA Parameters and Analysis Basis Values
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Figure 24-1. Uncertainty Parameters in Best Estimate Small Break LOCA Methodology
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Figure 24-2. Flowchart of the Best Estimate Small Break LOCA Analysis Methodology \L
Presentation %
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Figure 24-3. Flowchart of the Best Estimate Small Break LOCA Analysis Methodology
Application to Indian Point Unit 2
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SECTION 25
OPERATOR INTERACTIONS

25-1 Introduction

Upon the initiation of a transient in a plant, the operators use the plant EOPs to sequentially
verify that automatic safeguards features are functioning correctly and follow prescribed
operations to restore any malfunctioning systems. Eventually, the EOPs are used to begin plant
recovery or to secure operations. Operator actions must be examined to determine the different
transient scenarios that could develop and affect the severity of a small break LOCA transient
and/or challenge the assumptions made in the LOCA analysis calculations.

The EOPs have been developed to direct the operators to analyze and respond to symptoms
ascertained from measured plant parameters or trends of those parameters. During the initial
stages of an accident or transient, the plant response can be similar for different events. The
large number of changing parameters and their rates of change may prevent immediate diagnosis
of the exact type of event; for example, LOCA, steam generator tube rupture, and steam line
breaks. Therefore, the EOPs are based upon a hierarchy directing that important, common
actions are performed early, based upon the symptoms observed; eventually, the EOPs branch to
increasingly specific categories of accidents or transients.

The EOPs are formulated to handle many different events, including beyond design basis
accident scenarios involving multiple failures. Upon first review, there appear to be numerous
actions that could be followed leading to a variety of outcomes. However, after a review of the
EOPs indicates the event is a design basis small break LOCA event involving no more than the
limiting single failure, implementation of the EOPs can be significantly streamlined because
certain actions, verifications, or branch points and their outcomes are already known. The EOPs
can then be further streamlined for specific small break LOCA scenarios. For example, when
analyzing a given case for an assumed failure of a diesel generator or a train of safety injection,
the symptoms that the operator will observe, and the system responses to the operator’s actions,
will be already be known. The EOPs, which consist of dozens of pages, can be reduced to only a
few pages when operations that are unnecessary for the specific small break LOCA scenario are
eliminated because key plant symptoms are known a priori.

Section 25-2 describes an EOP sequence of events for a small break LOCA.
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25-2 EOP Sequences for a Small Break LOCA _ L

Table 25-1 is a condensation of the EOPs relevant to the short-term portion of a small break
LOCA at the Indian Point Unit 2 plant. The procedures are contained in two major sections:

E-0 Reactor trip or safety injection
E-1 Loss of reactor or secondary coolant

Examination of the procedures shows that E-O will be entered automatically when the reactor is
tripped after the accident initiates. E-O will always lead into procedure E-1.

25-2-1 Adverse Containment Conditions

In adverse containment conditions, a few parameters are evaluated against specifications that are
dependent upon containment conditions. The values to use when adverse containment conditions
exist are given in parentheses throughout the rest of this section. Adverse containment
conditions are defined as:

or
Containment radiation level > 10° R/hr

Either or both of these conditions would probably be met at some time during the small break
LOCA transients of interest. Actions are based upon measurement comparisons against the
adverse conditions criteria.

25-2-2 Continuously Monitored Conditions

In addition to the sequential steps prescribed in the EOPs, there are a few key items continuously

monitored as the procedures are followed. These are listed in "Foldouts" to a given procedure
where they apply. Two of these items, both of which are in procedure E-0 of Table 25-1, are
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important to the boundary conditions assumed for small break LOCA analysis calculations.
N They are:

. RCP trip criteria

- At least one safety injection pump running
- RCS subcooling < 24 (31)®°F

. Safety injection actuation criteria

- RCS subcooling < [RCS pressure-dependent table]
- Pressurizer level cannot be maintained > 11 (33)®%

Because these criteria are continuously monitored, safety injection actuation and RCP trip will
occur, but not necessarily in a specifically defined sequence. This is discussed further in
Section 25-3.

25-2-3 Inadequate Core Cooling

NG Another condition the operator will monitor following a small break LOCA event is to verify that
the core is being adequately cooled. To establish that adequate core cooling exists, the EOPs
require that the temperature readings of the core exit thermocouples do not exceed 1200°F. If
this criterion is not met, the operator will enter the Inadequate Core Cooling Procedure FR-C.1,
which directs the operator to depressurize the steam generator secondary side. If this
depressurization is performed, it may significantly affect the small break LOCA transient.
However, for best estimate small break LOCA analysis, it is anticipated that the steam
temperature exiting the core will remain below 1200°F and procedure FR-C.1 will never be
invoked.

\_/

a. Values in parentheses are typical values for adverse containment conditions.
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25-3 Variability of Plant Conditions Due to Operator Actions
The condensed procedures in Table 25-1 show the importance of operator actions in defining the
conditions during the short-term phases of a small break LOCA. The process is summarized

chronologically as follows:

1. Verify that automatic safeguards features are functioning; identify and attempt to
correct equipment malfunctions per prescribed procedures.

2. Analyze and respond to equipment status.
. If no loss-of-offsite power (LOOP) occurs, stop RCPs when subcooling
<24 (31)®°F (E-0, continuously checked) and at least one safety injection
pump is injecting.

. Start one charging pump (E-0, step 5).

. Isolate unnecessary secondary side equipment steam loads (E-O, step 24).

3. Continue to monitor system conditions.
. Check core exit thermocouples for indication of an inadequate core cooling
condition.

»  Throttle auxiliary feedwater if narrow range level > 9 (26)¥% (E-0, step 24,
E-1, step 3).

A review of the operations in Table 25-1 shows that the majority of the efforts undertaken by the
operators are categorized as "verify operation or status.” Although the operators continuously
analyze equipment status and respond to failures throughout the entire operation, selected
equipment failures are prescribed as boundary conditions to any given LOCA analysis
calculation and the responses may, therefore, be defined a priori for an analysis. It may be
assumed that an operator will spend more or less time on a given EOP step attempting to remedy
an equipment failure. However, given an assumption concerning the failure of certain equipment
for a defined analysis scenario, that equipment will still be unavailable as far as the LOCA

a. Adverse containment conditions typical value.
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analysis boundary conditions are concerned. Furthermore, the operators have little latitude in the
operations that may be attempted while working through the EOPs during the response to an
accident. The possibility of various equipment failures is addressed within the procedures.
When a failure is noted during a given step in the EOPs, the operators are directed immediately
to an alternate action under a "Response Not Obtained" column. There, specific actions such as
verifying or cycling a switch position or sending an operator into the field to perform a manual
action are listed to attempt to remedy the failure. If the failure remains after the alternate action
is taken, the operators note the failure and return to the subsequent actions directed by the EOPs.

Although some variability in the overall response times may occur from the operators spending
time attemnpting to rectify individual failures ~ for example, time spent attempting to restart a
failed safety injection pump -~ the net result is manifested only in terms of a few boundary
conditions to a LOCA analysis. The only ones with potentially significant variability that could
affect the ECCS performance prior to the time of PCT during a given small break LOCA
calculation, are as follows:

e RCPtrip
. Charging pump start time
. Shedding of unnecessary steam loads

All of the conditions required to allow RCP trip occur relatively early in a small break LOCA
transient. The time at which the RCPs are tripped can have a potentially significant effect on the
transient response. As explained in the procedures, the RCP trip criteria are continuously
(periodically) reviewed throughout the transient. Given that at least one safety injection pump is
probably functioning, the remaining RCP trip criterion to be met is that the RCS subcooling
margin decreases below 24°F, or 31°F® for adverse containment conditions. The RCP trip time
variability is caused by the time the operators take to identify that the trip conditions exist during
their periodic scan of system parameters, and the small increment required to actually perform
the trip.

The startup of a charging pump is performed early in the EOPs (E-0, step 5 or 21). Therefore,
little variation is caused by the possible cumulative effects of other operator action time
variances prior to reaching this step. Additionally, because it is performed early, the effects of
small differences in charging pump start time are further eliminated due to the high RCS

a. Adverse containment conditions typical value.
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backpressure during these time periods. Therefore, the difference in injection will be small b
relative to the integral mass injected over the course of the transient. \

Shedding unnecessary steam loads, prescribed in response to the continued cooldown of the
primary, has a negligible effect on the boundary conditions for a small break LOCA because the
steam loads in question are not significant relative to the large capacity of the secondaries.
Because the impact of considering operator action to shed unnecessary steam loads and to initiate
charging pump flow is minimal, and ignoring these actions is conservative, neither action is
considered in the best estimate small break LOCA methodology.

Therefore, of the three operator actions identified as having potential effects on the small break

LOCA behavior due to timing, only RCP trip time is significant. As discussed earlier, the

variability in RCP trip time is not large because it is a continuously monitored parameter. Based

upon studies conducted during operator training in plant simulators, a range of less than

60 seconds is expected in operator action to trip the RCP for small break LOCAs from the time

at which the trip criteria physically occur in the plant. The database of studies includes a special

session at the Indian Point Unit 2 simulator in which personnel performing the small break

LOCA model development presented herein simulated LOCA events and observed the response

of licensed plant operators. Various scenarios were run, and the operator actions were timed. L

This range is considered in the uncertainty methodology; the upper bound to operator action time
to trip the RCPs is 32 seconds and this time is used in the reference break spectrum with offsite
power available in Section 27 of this document. The impact on the small break LOCA transient
of operator actions upon entering the inadequate core cooling EOP is considered only if the core
exit steam temperature is high enough for the core exit thermocouple readings to exceed 1200°F.
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Table 25-1

Condensed EOPs for Indian Point Unit 2 Small Break LOCA: Short-Term Portion

Procedure E-0: Reactor Trip or Safety Injection
Event/Response Notes
1. Verify reactor trip.
* Rod bottom lights Normal rod insertion is assumed.
* Neutron flux decreasing Flux decrease occurs even if rods stuck.
2. Verify turbine trip. Turbine stop valves will have closed.
3. Verify SI annunciator lights or SI -
fl pump running indications.
4. Verify power to 480 V bus. Either offsite lines or diesels supply power.
5. Verify one charging pump running for -
seal injection.
6. Verify power to lighting and MCCs. -
7. Verify component cooling water (CCW). If CCW failure, use one charging pump to
supply RCP seal cooling.
8. Verify FW isolation. Standard assumptions
9. Verify SI valve alignment. Standard assumptions
10. Verify AFW pumps running: one One MD pump is lost. One MD pump
motor-driven (MD) pump is running. supplies a minimum of 380 gpm in the
current analysis.
11. Verify SI pumps running.
» Are all three pumps running? Train failure is noted here.
o Verify valve alignment. Valves are normally open.
12. Verify service water system. Standard assumptions
13. Verify containment fan coolers running. Standard assumptions
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Table 25-1 (Cont’d)

Condensed EOPs for Indian Point Unit 2 Small Break LOCA: Short-Term Portion

Procedure E-0: Reactor Trip or Safety Injection (Cont’d)
Event/Response Notes
14. Verify containment ventilation isolation. Standard assumptions
15. Verify containment isolation, Phase A. Standard assumptions
16. Verify air conditioners operating. Standard assumptions
17. Check main steam line isolation. Close MSIVs
Only if Py > 24 psig
-OR-
Hi steam flow with either T,z < 541°F or
steamline pressure < 525 psig
18. Verify containment spray if P > 24 psig. | Conditions may be met for larger small
break LOCAs.
19. Verify SI flow.
e Py < 1660 (1690)@ psig Condition will be met.
e Check flow indicators. Train failure noted in step 11.
o Attempt manual start. Failed trains are assumed not to start.
Continue on to step 20.
20. Verify RHR flow.
Prcs < 320 (340)® psig Conditions will not be met at this time for
most small break LOCAs.
21. Verify AFW flow > 400 gpm. AFW verified previously, step 10, one MD
pump will supply 380 gpm minimum.
22. Verify AFW flow to all SGs. -
23. Align service water system. Standard assumptions

a. Adverse containment conditions
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Table 25-1 (Cont’d)
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N Condensed EOPs for Indian Point Unit 2 Small Break LOCA: Short-Term Portion
Procedure E-0: Reactor Trip or Safety Injection (Cont’d) "
Event/Response Notes "
24. Check RCS temperature. "
e Tpcs stable at or trending to 547°F? No. It will be decreasing.
Stop dumping steam.
» Isolate unnecessary steam loads.
If cooldown continues: Yes _
« Maintain AFW > 400 gpm. SG narrow range is still not to 9 (26)“%.
» Close MSIVs.
25. Verify pressurizer PORV and spray valves | -
closed.

| 26. Check if RCPs should be stopped. If LOOP, RCPs have already tripped.

-/ * SIpump - at least one running If no LOOP, RCP trip criteria have been |
continuously monitored and trip would have
occurred sooner than this.

o AT,,,(RCS) <24 (31)® °F
27. Check for faulted secondary boundaries. Conditions will not be met.
28. Check for SGTR. Conditions will not be met.
29. Check for LOCA. Conditions are met.
a. Adverse containment conditions
\/



Table 25-1 (Cont’d)
Condensed EQOPs for Indian Point Unit 2 Small Break LOCA: Short-Term Portion

(Entered from E-0, Step 29)

Procedure E-1: Loss of Reactor or Secondary Coolant

Event/Response

Notes

1. Check if RCPs should be tripped.

Already tripped in E-0.

2. Check for SG secondary boundary failure.

No. This was already verified in E-0,
Step 27.

3. Check SG levels.
Maintain narrow range > 9 (26)®%.

Probably no throttling needed yet.

4. Verify pressurizer PORV/block valve
closed.

Yes. This is not a PORV break. Already
verified in E-0, step 25.

5. Reset SI.

This is not necessary; only for LOOP after
initial SI.

6. Reset containment isolation.

7. Establish instrument air to containment.

No failure is assumed.

8. Check for secondary radiation.

No SGTR has occurred.

9. Check if charging flow is established.

*  Adjust pump speed control.

» At least one charging pump is running.

Already done in E-0, step 5. Pump is
turned on at maximum flow.

10. Check if Sl is to be terminated.
o AT ,(RCS)> 19 (26)® °F
* SG AFW > 400 gpm
« PRCS > 1660 (1690)® psig
o LLppy>11(33)% %

Condition not met

Condition not met
Condition not met

a. Adverse containment conditions
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Table 25-1 (Cont’d)
Condensed EOPs for Indian Point Unit 2 Small Break LOCA: Short-Term Portion

" Procedure E-1: Loss of Reactor or Secondary Coolant (Cont’d)

(Entered from E-0, Step 29)

Event/Response

Notes

l[ 11. Proceed to SI termination (ES-1.1)

No. Conditions have not been met.

12. Check if containment spray should be
stopped.
Poonr < 17 psig

If Pconr Was never > 24 psig, the sprays
were never started.

13. Check if RHR is to be stopped.
Check if Pgqs > 320 (340) psig
and

Pp stable or increasing.

Condition not met

14. Check RCS and SG pressures.
Pressures stable?
No?

Yes?

If no, return to Step 1.

If pressure is stable, the operator will move
forward in the EOPs at this point. A return
to Step 1 occurs only if the SG pressure is
decreasing or the RCS pressure is
increasing.
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SECTION 26
WCOBRA/TRAC-SB MODEL OF INDIAN POINT UNIT 2

26-1 WCOBRA/TRAC-SB Nodalization

The nodalization for small break LOCA analysis of a PWR using WCOBRA/TRAC-SB must
provide sufficient detail to model all design features of the PWR that might influence a small
break transient, while allowing for an accurate modelling of physical processes important in a
small break LOCA. This requirement for detail must be balanced with the need to keep

the model small enough so that CPU times do not become excessively large. The
WCOBRA/TRAC-SB model for Indian Point Unit 2 was developed based on a set of common
modelling guidelines used for integral effects tests and separate effects tests. This ensures that
the nodalization necessary to capture essential processes in the validation tests is included in the
PWR model. The following are of particular note for the PWR model:

. The reactor vessel model is similar to the model used for large break LOCA
analysis at Indian Point Unit 2 and other three- and four-loop plants as well. Asin
the large break model, the downcomer is modelled [

1€ to allow
more accurate tracking of two-phase levels in the vessel. Section 20-2 of
WCAP-12945-P-A (Bajorek, et al., 1998) describes the Indian Point Unit 2 vessel
model for large break LOCA.

. The steam generators are modelled [
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. The hot leg and cold leg horizontal pipes are modelled [

]a.c

Figure 26-1 shows the reactor vessel nodalization. Compared to the large break LOCA model
(Figure 20-2-2 in WCAP-12945-P-A), [
]a,c.

Figures 26-2 through 26-5 show the Indian Point Unit 2 hot leg and steam generator
nodalizations for small break LOCA calculations. [

J*¢ The TRAC 1-D components
are used to model the feedwater and steam line piping systems.

Figures 26-6 through 26-9 show the loop seals and cold legs. [

]a.c

The safety injection system is modelled using FILL and ACCUM components attached to the
cold legs by TEE and PIPE components.
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26-2 Reference Case Conditions and Steady-State
26-2-1 Reference Case Conditions

Break spectrum scoping studies to determine the effect of various assumptions and initial
conditions on a small break LOCA should be based on a reference set of conditions that are
expected to produce a relatively severe transient. For a small break LOCA, a severe transient is
generally expected to be one producing low vessel inventories, and deep or prolonged core
uncoveries. A severe small break transient is expected to generate a significant PCT and
maximize the sensitivities of the parameters examined. Assumptions that affect the severity of
the small break transient can be categorized in terms of power-related parameters, break flow,
primary-to-secondary heat transfer, and safety injection system performance. The following
paragraphs discuss each parameter:

. Power-Related Parameters

Previous (Appendix K, 10 CFR 50) small break LOCA calculations generally
indicate that PCTs increase with hot assembly power and that top-skewed power
shapes are more limiting. Therefore, for the Indian Point Unit 2 break spectrum
scoping study reference case, the peaking factors are assumed at [

J*°. Because partial core uncovery occurs during a
‘small break LOCA, a top-skewed power shape is assumed to result in high PCTs,
based on Appendix K studies. Thus, [

]J*°. This shape is peaked at the 9-foot elevation and has a relatively high
amount of power in the top one-third of the core compared to other possible power
shapes. [

I

. Break Flow

The reference case assumes that the most conservative location for the break is at
“the top of one of the cold legs. This assumption is based on the fact that locating
the break at the top of the cold leg and presuming that the broken pipe is the safety
injection delivery line severely penalizes the pumped safety injection flow entering
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the RCS. The sensitivity studies of Section 28 of this document confirm that this is L
the limiting break location/orientation for a postulated small break LOCA event.

. Primary-to-Secondary Heat Transfer

] a,c

. Safety Injection System Performance

Minimum pumped safety injection flows, consistent with the postulated break
location, are assumed in the model. The closing of valves that diminish pumped
injection is conservatively represented in the FILL tables for the safety injection
system.

26-2-2 Steady-State Calculation

A WCOBRA/TRAC-SB PWR LOCA calculation is initialized when the RCS flows, RCS \L/
temperatures, core power, and steam generator pressures are at approximately the intended

steady-state values before the postulated break occurs. Consequently, steady-state

WCOBRA/TRAC calculations that establish the desired steady-state reactor conditions are

performed prior to the transient calculations.

Steady-state plant pressure drop conditions are obtained from data generated by the
Westinghouse Mechanical Equipment Design group. These calculated plant conditions reflect
input parameters such as RCP flows, core power, steam generator tube plugging levels, system
pressures, and fluid temperatures. The steam generator pressure drop and secondary side data are
obtained from data generated by the Westinghouse Steam Generator Mechanical Development

group.

Fuel parameters are obtained from the Westinghouse Commercial Nuclear Fuel Division PAD
code (Weiner, et al., 1988), which provides the steady-state fuel pellet average temperatures as a
function of fuel burnup and linear power, the fuel rod gas pressure, the gap conductance, and the
like.
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The calculated flowrate, pressure distribution, and fluid and fuel temperatures are adjusted to
closely match the above data. This can be achieved by adjusting some of the axial or lateral flow
loss coefficients, the initial vessel pressure level, the steam generator secondary fill conditions,
and the initial cold gap widths between the pellet and the cladding. This typically requires a
number of shakedown test runs.

While the fluid and core conditions discussed above are likely to differ somewhat from plant
to plant, the degree to which these parameters are matched in the WCOBRA/TRAC-SB
simulation must be consistent. A 100-second steady-state calculation is performed, and the
results are checked for the acceptance criteria listed below. Table 26-1 compares the desired
nominal and WCOBRA/TRAC-SB-predicted values for Indian Point Unit 2.

. Core power and peak linear heat rate are matched exactly.

. Integrals of rod power represent the radial peaking parameters (F ;). Integrals of
the input power are calculated and normalized by the code to given F 4 values for
the hot rod, the hot assembly rod, and the core average rod. These values must
agree with their intended values.

. The maximum fuel average temperatures for the hot rod, the hot assembly rod, the
average rods, and the low power rod must agree with the desired values from the
PAD data.

. Vessel inlet, outlet, and upper head fluid temperatures define the fluid temperature
distribution in the reactor vessel. The average RCS cold leg temperature (7,,,) at
the vessel inlet should be within +1.0 percent of the intended value.

. Pump flow must be kept within a tight tolerance to ensure that the overall
vessel/loop pressure drop is balanced by the pump head and the desired flowrate
through the vessel has been approached.

. System pressure (pressure in the top cell of the pressurizer) and the water level in

the pressurizer must be kept within a close tolerance, as shown in Table 26-1, to
ensure that the steady-state pressurizer condition is closely simulated.
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. Pressure drops across the vessel and through the core must agree closely with the \L
values provided by the mechanical design data.

. Core bypass flow (including the thimble bypass flow and the spray nozzle flow)
should closely match that provided by the mechanical design data.

. When identical loops are used to simulate the reactor system, the calculated results
should be symmetrical with respect to each loop. Minimal crossflow (lateral gap
flow) is to occur in the downcomer and in the lower plenum.

. Losses through the steam generator should closely match design data.

. The steam generator secondary pressure and initial mass should approximate the
steam generator design values for the intended level of tube plugging. The
reference calculations model 15-percent uniform steam generator tube plugging.

Once the fuel and fluid temperatures, vessel and loop pressure drop, and flow distributions are
in agreement with the desired input parameters and conditions are steady, it is assumed that a L/
suitable initial condition has been achieved for the LOCA transient simulation. ~

Table 26-1 shows the important plant steady-state parameters for the small break LOCA transient
reference calculations for Indian Point Unit 2.

26-3 Cold Leg Break Transient Calculation

Once the steady-state calculation is executed and found to be acceptable, the transient calculation
is initialized. To begin the transient, a small break is assumed to occur in the loop 24 cold leg
(Figure 26-9). The accumulator and the safety injection lines of each loop are modelled
explicitly. Valves are used in the intact accumulator/safety injection lines. Check valves 61, 71,
81, and 91 open the safety injection lines when the RCS pressure drops below the maximum
pressure of the high head safety injection pumps after activation. Check valves 64, 74, 84, and
94 open the accumulator lines once the RCS pressure reaches the accumulator setpoint.
Components 63, 73, 83, and 93 are FILL components which use pressure versus flow tables for
the desired pumped safety injection flow. The steam generators are isolated by replacing the
main feedwater FILL components (69, 79, 89, and 99) with zero-flow FILL components at the
proper time; auxiliary feedwater is modelled through FILL components actuated by trips on a -J//
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safety injection signal after the appropriate delay time has elapsed. Closing of the steam
isolation valve components 111, 121, 131, and 141 occurs at the proper time. The containment
back pressure is assumed to be atmospheric pressure for the entire transient. The break
orientation at the bottom of the cold leg is shown in Figure 26-9.

The primary heat sources during any LOCA are fission product decay heat, fission heat, and
actinide decay heat. The WCOBRA/TRAC-MOD7A code version provides an option to
calculate these three heat sources via the LUCIFER subroutine. The code logic associated with
this option has been specifically developed for the needs of large break LOCA analysis. As
discussed in Section 11, Volume 2, a specific option to model the control rod insertion was
implemented in WCOBRA/TRAC-SB, which allows a negative reactivity to be introduced into
the core using an appropriate time function. The moderator density reduction due to core voiding
that occurs after the break and prior to the reactor trip is modelled.

Transient calculations may be done under either offsite power available (RCPs on) or offsite
power off (RCPs tripped) conditions. The WCOBRA/TRAC-SB version contains code logic to
activate the safety injection pumps and delay RCP trip by an appropriate delay time. The
calculation is performed beyond the time when PCT is reached, until it becomes clear that no
further cladding heatup will occur based on the core inventory and the comparative magnitudes
of the safety injection delivery and the break flowrate.

26-4 References

Bajorek, S. M, et al., 1998, "Code Qualification Document for Best Estimate LOCA Analysis
Volume IV: Assessment of Uncertainty," WCAP-12945-P-A, Vol. 4.

Bajorek, S. M, et al., 1998a, "Code Qualification Document for Best Estimate LOCA Analysis
Volume V: Quantification of Uncertainty,” WCAP-12945-P-A, Vol. 5.

Weiner, R. A, et al., 1988, "Improved Fuel Performance Models for Westinghouse Fuel Rod

Design and Safety Evaluations,” WCAP-10851-A (Proprietary), WCAP-11873-A
(Nonproprietary).
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Table 26-1
Plant Steady-State Parameters in WCOBRA/TRAC-SB

Nominal Steady-State
Parameter Value Value
Initial reactor power (MWt) 3216 3216
I RCS loop flow (gpm) 83,000 84,300
Total core bypass flow (% of vessel) 7.1 7.4
Upper head bypass flow (% of vessel) 0.17 0.17
Teow (°F) 552.9 548.5
Initial pressurizer pressure (psia) 2310 2311
Initial pressurizer water level (% of span) 60 - 618
Secondary side pressure (psia) 710 718

0:M384-non\4384-26.wpd: 15-040403 26-8



Figure 26-1. Indian Point Unit 2 Reactor Vessel Nodalization
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Figure 26-2. Indian Point Unit 2 Loop 21 Hot Leg and Steam Generator Nodalization
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Figure 26-3. Indian Point Unit 2 Loop 22 Hot Leg and Steam Generator Nodalization
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Figure 26-4. Indian Point Unit 2 Loop 23 Hot Leg and Steam Generator Nodalization J_/
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Figure 26-5. Indian Point Unit 2 Loop 24 Hot Leg and Steam Generator Nodalization
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Figure 26-6. Loop 21 Loop Seal, Cold Leg, and Safety Injection Noding

Figure 26-7. Loop 22 Loop Seal, Cold Leg, and Safety Injection Noding
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Figure 26-8. Loop 23 Loop Seal, Cold Leg, and Safety Injection Noding

Figure 26-9. Loop 24 Loop Seal, Cold Leg, and Safety Injection Noding
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SECTION 27
INDIAN POINT UNIT 2 REFERENCE TRANSIENTS

27-1 Break Spectrum With LOOP Scenario

The worst single active failure in the current Westinghouse small break LOCA ECCS evaluation
model analyses depends on the availability of offsite power. Appendix A of 10 CFR 50,
criterion 17, requires that an onsite electric power system be available in case the offsite power is
assumed lost. In the loss of offsite power (LOOP) assumption, the worst single active failure is
the loss of one entire train of pumped ECCS because of a diesel generator failing to start. This
results in the minimum safeguards safety injection flow, which provides the minimum
replacement of mass lost from the RCS. The LOOP assumption also results in a significant delay
in the time of pumped ECCS delivery. In addition to losing power to the reactor pumps,
pressurizer heaters, and steam dump secondary pressure control system, the LOOP assumption
minimizes the amount of pumped safety injection flow delivery. The LOOP requires that the
safety injection train be loaded onto the emergency diesel power bus. The emergency diesel
generator must be brought up to speed before flow delivery can occur, delaying safety injection
flow delivery once an S-signal has been generated.

The minimum safeguards assumption also stipulates that minimum auxiliary feedwater flow be
provided to the steam generator secondaries. With the LOOP assumption, auxiliary feedwater is
delayed while the pumps are loaded onto the power bus and brought up to speed. Under the
LOOP assumption, the single failure of a diesel generator also means that one motor-driven
auxiliary feedwater pump fails to start. This minimizes the amount of decay heat removal to the
secondary side. In the Indian Point Unit 2 design, two steam generators do not receive auxiliary
feedwater flow when a pump fails to start. '

A spectrum of cold leg break sizes is analyzed to cover the range of small break LOCAs with the
WCOBRA/TRAC-SB break flow model. Sections 27-2 to 27-7 describe a set of calculations
assuming LOOP occurs at the time of reactor trip for a postulated break in the cold leg of the loop
that contains the pressurizer.

Section 24 of this volume describes the initial PWR conditions assumed for these calculations.

The values were selected to establish a nominal plant reference condition in the calculations
reported in this section. The break orientation is at the top of the pipe with no injection modeled
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into the broken loop from either the safety injection pump or accumulator. This assumption is
consistent with a rupture in the safety injection supply line. The piping design of Indian Point
Unit 2 permits LOCA break sizes as low as 2-inches in diameter to be postulated as double-ended
pipe severances in which the pumped SI spills into the containment. The YDRAG multiplier is
set at a value of 0.8 in the core for the PWR analysis. This will reduce the interfacial drag in the
core region, which will likely result in a deeper core uncovery. The value of 0.8 was identified in
Volume 2, Section 15, as the YDRAG multiplier that gives the best agreement with uncovered rod
bundle test data.

Once the break occurs, the RCS primary rapidly depressurizes to the saturation pressure of the hot
leg fluid. As flashing occurs, the rate of depressurization decreases. A reactor trip signal is
generated by low pressurizer pressure and results in closure of the turbine stop valves on the
steam generator secondary side, which then pressurizes, possibly to the steam generator secondary
safety valve pressure setpoint. In that event, some steam relief through the steam generator
secondary safety valves occurs, and the primary pressure is governed by the steam generator
secondary conditions and primary to secondary heat transfer. The primary pressure equilibrates at
a pressure where the primary to secondary heat transfer compensates for the volume expansion
due to safety injection and core decay heat not removed by the break in the primary RCS. The
postulated small LOCA also generates an "S" signal which, after a time delay, leads to isolation of
the SG main feedwater and to pumped safety injection delivery to the RCS.

For breaks in the cold leg of the RCS, the primary pressure decreases below the secondary
pressure when loop seal steam venting occurs. Loop seal steam venting is the process where
steam produced by decay heat in the core flows through the hot legs and steam generators, and
eventually passes through the inverted U-bend region of the pump suction (crossover leg) piping
to reach the break. In order to accomplish this venting, the inner vessel pressure increases, which
depresses the two-phase mixture level in the upper plenum.

The venting of steam through the loop seal allows the steam produced by the core decay heat to
exit through the break. Once steam passes through the loop seal, the inner vessel pressure
decreases relative to the downcomer pressure, and the hydrostatic head in the downcomer
increases the inner vessel mixture level. This phenomenon is highly dependent on hydrostatic
balances throughout the system. Additional system perturbations resulting from the loop seal
venting, and from condensation caused by nonequilibrium effects, may result in steam venting
through a different loop seal while the previously cleared loop seal plugs with liquid. Liquid
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_forced out of the loops as they clear can increase the liquid mass inventory in the core. These

perturbations can change which loop seals vent steam and to what extent they vent steam. The
magnitude of these perturbations and the nature of loop-to-loop interactions depend on the break
size. Smaller breaks tend to have smaller system perturbations and are less influenced by loop-to-
loop inertial effects. In larger small breaks, the loop-to-loop perturbations are more prevalent.
This phenomenon was discussed by Lee (Lee, et al., 1983). The PWR calculations in this report
are biased to minimize the number of loop seals that are predicted to clear. This is discussed
further in Subsection 27-8.

After the loop seal(s) vents, the steam generator secondaries become an additional heat source to
the primary fluid. After loop seal clearance, the break flow quality makes a transition to
predominantly steam, and the volume removed by the break exceeds volume swell. However, the
mass removal exceeds the mass input due to safety injection, and a core uncovery may result.
Eventually, the primary RCS pressure will decrease to the point where the break mass flow will
decrease below the mass flow entering the RCS by safety injection and/or accumulator injection,
and the system mass inventory will begin to increase.

Eventually, the system will reach a stable equilibrium pressure where the mass flow through the
break equals the mass flow into the RCS. Stable decay heat removal and long-term pressure
decay results from this condition.

27-2 3-Inch Cold Leg Break With LOOP

Figures 27-2-1 to 27-2-7 provide a summary of the 3-inch cold leg break transient. The RCPs
continue to be powered from the generator until 30 seconds have elapsed after reactor trip; at that
time, the RCPs begin to coast down.

During the blowdown phase, the 3-inch break depressurizes to the saturation pressure
corresponding to the core outlet temperature. A reactor trip signal occurs at 35.5 seconds as the
pressurizer pressure reaches the setpoint; a safety injection signal occurs at 39,7 seconds. Steam
generator isolation occurs following reactor trip, and the steam generator secondary pressure
increases rapidly to the MSSV setpoint. After the MSSVs open, steam flow through the safety
valves maintains the secondary pressure near the MSSV setpoint. The primary side continues to
depressurize rapidly after core shutdown to a pressure approximately 40 to 80 psi higher than the
MSSYV setpoint.
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The loop seals attempt to clear beginning at 724 seconds, and the break flow quality increases \L/
thereafter. Only loop 22 clears and has a continuous steam flow as shown in Figure 27-2-4. The

steam flow thrdugh that loop seal reaches a maximum flowrate of approximately 120 lbm/s

shortly after loop seal clearance.

Figure 27-2-2 shows the core collapsed liquid level. The level exhibits close to a 1-foot increase
at the time of loop seal clearance. This occurs because, during the loop seal clearance, liquid that
has been held in the loop seals and cold legs flows into the reactor vessel, decreasing the core void
fraction.

Following loop seal clearance, the pumped safety injection flow is not sufficient to make up for

the break flow and the vessel mass inventory continues to decrease. Core uncovery and heatup

begin at approximately 1372 seconds, and the hot rod cladding temperature increases slowly to a

peak of 964°F at 1948 seconds. The collapsed liquid level in the core reaches a minimum

immediately before the PCT and begins to recover as the accumulators begin to inject. While

accumulator flow is responsible for the core recovery, the minimum inventory is established by

the pumped safety injection flow. Following accumulator injection, the collapsed level in the core

increases steadily and the entire core quenches. ':L/"

The transient calculation was ended prior to 2400 seconds because the core was quenched and the
total safety injection flow exceeded the break flow.
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH LOOP

Primary and Secondary System Pressures
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Figure 27-2-1. Primary and Secondary System Pressures, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH LOOP
Core Collapsed Liquid Levels
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Figure 27-2-2. Core Collapsed Liquid Level, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH LOOP
Break Flowrate and Void Fraction
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Figure 27-2-3. Break Flowrate and Void Fraction, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
3-INCH CL BREAK WITH LOOP
Loop 21 Steam Flow
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A. Loop 21 Loop Seal Steam Flow

Indian Point 2 BE SBLOCA Analysis
3~INCH CL BREAK WITH LOOP
Loop 23 Steam Flow
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C. Loop 23 Loop Seal Steam Flow

Indian Point 2 BE SBLOCA Analysis
3-INCH CL BREAK WITH LOOP
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B. Loop 22 Loop Seal Steam Flow

Indian Point 2 BE SBLOCA Analysis
3-INCH CL BREAK WITH LOOP
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——e FCW 121 0 LOOP SEAL 24

1%
100 s
=T
= T
£ I
[ ]
2 -
€ r
=
L
= 7F
3 L
2
A | oy {RTTH
- A A B A )i
P IR I ey e
0 1000 1500 2000 2500
Time (s)

D. Loop 24 Loop Seal Steam Flow

Figure 27-2-4. Loop Seal Steam Flows, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCAVAnalysis
3—INCH CL BREAK WITH LOOP
Reactor Vessel Mass
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Figure 27-2-5. Reactor Vessel Mass, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH LOOP
Peak Claddmg Temperature
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Figure 27-2-6. PCT, 3-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH LOOP
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Figure 27-2-7. Total Safety Injection Flow to RCS, 3-Inch Break With LOOP
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27-3 4-Inch Cold Leg Break With LOOP L

The sequence of events for the 4-inch equivalent diameter cold leg break are similar to the events
and behavior of the 3-inch break discussed in Section 27-2. In the 4-inch break, events occur
earlier and the transient is more rapid. Figures 27-3-1 to 27-3-7 provide a summary of the
transient.

The 4-inch break quickly depressurizes to the saturation pressure corresponding to the core outlet
temperature. A reactor trip signal occurs at 20.7 seconds. The steam generator secondaries are
isolated shortly following reactor trip, and the steam generator secondary pressure increases
rapidly to the MSSV setpoint. After the MSSVs open, steam flow through the safety valves
maintains the secondary pressure near the MSSV setpoint. The primary side continues to
depressurize to a pressure approximately 40 to 80 psi higher than the MSSV setpoint and remains
in that pressure range until the loop seals begin to clear.

The loop seals begin to clear at 404 seconds. The break flow quality increases and becomes

primarily steam flow. In the 4-inch break, two loop seals (loop 24 and loop 23) have sustained

venting for most of the remainder of the transient. Venting occurs later in the pressurizer b
loop 24, and loop 24 vents continuously after initial clearance. With the loop seal clearance, the ‘
primary pressure continuously decreases and the accumulator setpoint pressure is reached at

943 seconds.

Core heatup in the 4-inch break begins at 818 seconds. The heatup rate is more rapid than in the
3-inch break; however, the heatup is terminated by accumulator injection at 960 seconds, and the
core quenches shortly thereafter. The heatup is so minor that the PCT barely exceeds the steady-
state fuel cladding temperature.

The transient calculation was ended when the total safety injection flow exceeded the break flow
and the relatively minor PCT excursion had terminated.
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Figure 27-3-1. Primary and Secondary System Pressures, 4-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
4—INCH CL BREAK WITH LOOP
Core Collapsed Liquid Levels
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Figure 27-3-2. Core Collapsed Liquid Level, 4-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
4—-INCH CL BREAK WITH LOOP
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Figure 27-3-3. Break Flowrate and Void Fraction, 4-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-3-4. Loop Seal Steam Flows, 4-Inch Break With LOOP
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Indian Point & BE SBLOCA Analysis
4—INCH CL BREAK WITH LOOP
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Indian Point 2 BE SBLOCA Analysis
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27-4 6-Inch Cold Leg Break With LOOP L

The sequence of events and overall behavior for the 6-inch equivalent diameter cold leg break
begins to depart from that observed in the breaks of smaller size (3- and 4-inch). In the 6-inch
break, events occur earlier, the transient is more rapid, and no core uncovery is observed. As in
the 4-inch break, the core collapsed level moves upward by approximately 1 foot after loop seal
clearance (Figure 27-4-2). No boiloff uncovery occurs later in the transient before accumulator
injection begins. Figures 27-4-1 to 27-4-7 provide a summary of the transient.

The 6-inch break quickly depressurizes past the saturation pressure corresponding to the core
outlet temperature and holds briefly at a pressure about 40 to 50 psi higher than the MSSV
setpoint. The reactor trip signal occurs at 10.2 seconds. After isolation, the steam generator
secondary pressure increases rapidly to the MSSV setpoint. After the MSSVs open, steam flow
through the safety valves maintains the secondary pressure near the MSSV setpoint. This occurs
for a relatively short time before the break depressurizes the primary below the steam generator
secondary pressure.

The loop seals begin to clear at 175 seconds. The steam production in the core is high at this L
time and is sufficient to initially clear three of the four loop seals. After venting begins, the s
break flow quality increases and becomes primarily steam flow. Three of the loop seals (loops

21, 22, and 24) vent steam continuously. After loop seal clearance, the primary pressure rapidly

decreases and the accumulator setpoint pressure is reached at 308 seconds.

No core heatup occurs due to a boiloff uncovery. Following accumulator injection, the vessel
mass inventory begins to increase.

The transient calculation was ended at 500 seconds because the total safety injection flow
exceeded the break flow.
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Indian Point 2 BE SBLOCA Analysis
6—INCH CL BREAK WITH LOOP
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Figure 27-4-1. Primary and Secondary System Pressures, 6-Inch Break With LOOP

0:\4384-non\Sec27a.wpd:1b-04043 27-21



Indian Point 2 BE SBLOCA Analysis
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Indian Point 2 BE SBLOCA Analysis
6—INCH CL BREAK WITH LOOP
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Figure 27-4-3. Break Flowrate and Void Fraction, 6-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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27-5 10-Inch Cold Leg Break With LOOP L

The sequence of events and overall behavior for the 10-inch equivalent diameter cold leg break
departs from that observed in the smaller breaks. In the 10-inch break, the core uncovery follows
a continuous depressurization of the primary side, and loop seal clearance is not as distinct an
event as for smaller breaks. For the 10-inch and larger sized breaks, the break is of sufficient
size that the core becomes almost completely uncovered. Figures 27-5-1 to 27-5-7 provide a
summary of the transient.

The 10-inch break rapidly depressurizes to a pressure near the MSSV setpoint, and the
depressurization rate then slows for approximately 60 seconds. The reactor trip signal occurs at
6.3 seconds. The steam generator secondaries are isolated shortly following reactor trip, and the
steam generator secondary pressure increases but does not reach the MSSV setpoint.

Loop seal clearance is not as distinctive in the 10-inch break as in smaller breaks because of

flashing in the RCS. The loop seal flow includes a significant vapor component from nearly the

start of the transient. The loop seal steam flow through the broken loop begins to increase

rapidly at 67 seconds. At this time, the collapsed liquid level in the loop seal has dropped to the

elevation of the top of the horizontal section. The other three loop seals begin to clear fully 10 to L;
15 seconds later, and all remain clear for the remainder of the transient. The break flow quality

increases and becomes primarily steam flow.

A single core heatup is observed in the 10-inch break, which begins at 136 seconds. The heatup
rate is rapid and reaches a PCT of 652°F at 154 seconds. The core heatup turns around after the
accumulators begin to inject; it is terminated by accumulator injection, although there is a longer
delay between the start of accumulator injection and the core temperature maximum than for the
smaller breaks. This is due to the additional time required to fill the downcomer, which becomes
largely voided at this break size.

The transient calculation was ended at 198 seconds. At this time, the total safety injection flow
exceeded the break flow and the accumulators continued to inject.
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Figure 27-5-1. Primary and Secondary System Pressures, 10-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-5-2. Core Collapsed Liquid Level, 10-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
10—INCH CL BREAK WITH LOOP
- Break Flowrate and Void Fraction

Mass Flow Rate (1bm/s)

RMVM 200 2 0 Break Flow
Void Fraction -
—~——~— ALPN 200 2 0 Void Froction
12000 - 1
PLESN (Y
i ! Vigw |} all A l
vy \ﬂnl\| I ll['llll\, l:‘l‘lll’lll:ll
R | Y |i|| " l]ﬂ"”' ) |'
10000 1471 l' | Il"i\' f' ll
1N W ! ”.._8
\"‘l
— § ;“. ‘ I
4 i Y1k !
S 8000 L .
s o'y
D L ! ﬂ‘, - .6 g
AFLY =
< W7 O
S 60 l" 2
s [ 3
et B l -4 =
@ 40 L
g - /
| 7
2000 ;" i
B ! w
1
0 —'!) | ! | g1 1 { | | ! { | S N 0
0 50 100 150 200
Time (s)

Figure 27-5-3. Break Flowrate and Void Fraction, 10-Inch Break With LOOP
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Figure 27-5-4. Loop Seal Steam Flows, 10-Inch Break With LOOP
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27-6 2.5-Inch Cold Leg Break with LOOP

The sequence of events and overall behavior for the 2.5-inch equivalent diameter cold leg break
is similar to that observed in the 3-inch break. The 2.5-inch break is a relatively slow transient
and is similar to the 3-inch break as it has a core uncovery with significant heatup.

Figures 27-6-1 to 27-6-7 provide a summary of the transient.

The 2.5-inch break depressurizes to the reactor trip setpoint, and then to the "S" signal setpoint.
The depressurization rate slows when the hot leg saturation pressure is reached. The reactor trip
signal occurs at 50.4 seconds. After isolation, the steam generator secondary pressure increases
rapidly until it reaches the MSSV setpoint.

Similar to the 3-inch break, loop seal clearance occurs in only one loop in the 2.5 inch break.
The steam flow through the cleared loop is adequate to maintain a relatively low pressure above
the core. The loop seal remains clear for the remainder of the transient; the break flow quality
increases and becomes primarily steam flow, as shown in Figure 27-6-3.

A single core heatup is observed in the 2.5-inch break, which begins at 2080 seconds. The
heatup rate is relatively slow until a PCT of 832°F is reached at 2600 seconds. The SI flow
exceeds break flow prior to accumulator injection, solely due to the pumped SI flow. Core
quench is complete by 2977 seconds.
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Figure 27-6-1. Primary and Secondary System Pressures, 2.5-Inch Break With LOOP
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Figure 27-6-2. Core Collapsed Liquid Level, 2.5-Inch Break With LOOP

0:\4384-non\Sec27b.wpd: 1b-040403 27-38
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Figure 27-6-4. Loop Seal Steam Flows, 2.5-Inch Break With LOOP
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Figure 27-6-5. Reactor Vessel Mass, 2.5-Inch Break With LOOP
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Figure 27-6-6. PCT, 2.5-Inch Break With LOOP
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Indian Point & BE SBLOCA Analysis
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Figure 27-6-7. Total Safety Injection Flow to RCS, 2.5-Inch Break With LOOP
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27-7 3.5-Inch Cold Leg Break With LOOP l/

Figures 27-7-1 to 27-7-7 provide a summary of the 3.5-inch cold leg break transient. The RCPs
continue to be powered from the generator until 30 seconds have elapsed after reactor trip; at that
time, the RCPs begin to coast down.

During the blowdown phase, the 3.5-inch break depressurizes to the saturation pressure
corresponding to the core outlet temperature. A reactor trip signal occurs at 26.5 seconds as the
pressurizer pressure reaches the setpoint. A safety injection signal occurs at 30.6 seconds.
Steam generator isolation occurs following reactor trip, and the steam generator secondary
pressure increases rapidly to the MSSV setpoint. After the MSSVs open, steam flow through the
safety valves maintains the secondary pressure near the MSSV setpoint. The primary side
continues to depressurize rapidly after core shutdown to a pressure approximately 40 to 80 psi
higher than the MSSV setpoint.

The loop seals begin to clear at 536 seconds, and the break flow quality increases thereafter.

Both Loop 21 and Loop 22 clear and provide a continuous steam flow to the break as illustrated

in Figure 27-7-4. The steam flow through each loop seal reaches a maximum flowrate of .. b
approximately 70 lbm/s shortly after loop seal clearance. )

Figure 27-7-2 shows the core collapsed liquid level. The level exhibits close to a 1-foot increase
at the time of loop seal clearance. This occurs because during the loop seal clearance, liquid that
has been held in the loop seals and cold legs flows into the reactor vessel, decreasing the core
void fraction.

Following loop seal clearance, the pumped safety injection flow is not sufficient to make up for
the break flow and the vessel mass inventory continues to decrease. Core uncovery and heatup
begin at approximately 1096 seconds, and the hot rod cladding temperature increases slowly to a
peak of 828°F at 1312 seconds. The collapsed liquid level in the core reaches a minimum
immediately before the PCT and begins to recover as the accumulators begin to inject. While
accumulator flow is responsible for the core recovery, the minimum inventory is established by
the pumped safety injection. Following accumulator injection, the collapsed level in the core
increases steadily and the entire core quenches.

The transient calculation was ended when the core was quenched and the total safety injection
flow exceeded the break flow. L
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3-0—INCH CL BREAK WITH LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-7-2. Core Collapsed Liquid Level, 3.5-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-7-3. Break Flowrate and Void Fraction, 3.5-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-7-4. Loop Seal Steam Flows, 3.5-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Indian Point 2 Bk SBLOCA Analysis

3.0—INCH CL BREAK WITH LOOP
Peak Claddmg Temperature

PCT 0 0 PEAK CLADDING TEMP.

900

o I

8
—

Temperature (F)
§ .
T ——]

~— |

! ! 1 | | T | l 1 ! | L1 | | !
0 500 1000 1500 2000
Time (s)

Figure 27-7-6. PCT, 3.5-Inch Break With LOOP
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-7-7. Total Safety Injection Flow to RCS, 3.5-Inch Break With LOOP
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27-8 Summary of LOOP Reference Cases l/

The series of calculations assuming that offsite power is lost coincident with the inception of the
small break LOCA event has identified the 3-inch equivalent diameter cold leg break as the size
that produces the highest PCT. Breaks greater than 10-inches equivalent diameter can be
characterized as "intermediate” breaks, breaks that have characteristics of both small and large
break LOCAs. The 10-inch break exhibits a short-lived core uncovery and heatup in which the
collapsed liquid level in the core as a whole and in the hot assembly drops to nearly the bottom
of the core; that is, almost the entire core voids. The major difference between the 10-inch and
larger (12-inch equivalent diameter break) LOCAs is that in the 10-inch break, water remains in
the lower part of the core during blowdown. Breaks in which the core is predicted to uncover
completely (such as the 12-inch break) are considered to be intermediate break LOCAs.

All four loop seals clear in the 10-inch break; however, it is more difficult to identify the

initialization of loop seal élearing than for the smaller breaks. The primary RCS depressurization

is rapid, and flashing in the loops causes steam flow through all of the loop seals nearly from the

start of the transient. Core recovery in the 10-inch break is slower than the recoveries in the

smaller breaks because it requires more accumulator water to fill the downcomer and core. Core . L
recovery, as defined in Table 27-8-1, refers to the quenching of the fuel due to heat transfer to the N
two-phase mixture present in the inner vessel region. The PCT calculated during the 10-inch

break transient remains below the initial normal operation clad temperature.

The 2.5-inch, 3-inch, 3.5-inch, and 4-inch breaks feature a slow, top-down drain of the RCS, and
a natural circulation period in which the primary pressure equilibrates just above the secondary
side pressure for several hundred seconds. System-wide loop seal clearance was incomplete.
That is, loop seal clearance was a function of the break size. In the 2.5 inch and 3-inch breaks,
only one loop seal cleared and remained clear. In the 3.5-inch and 4-inch breaks, two loop seals
cleared and had sustained steam venting for the rest of the transient. Core uncovery was due to a
prolonged boiloff period, and the PCT transient was limited primarily due to pumped safety
injection before terminating when the accumulators inject.

The 6-inch break can be characterized as a medium-size small break LOCA; however, its
characteristics are less similar to the 3-inch break than are the 4-inch break results. In the 6-inch
break, the transient is significantly more rapid and there is no core uncovery and heatup. All four
loop seals clear initially in this break and vent thereafter. In comparison to the smaller breaks,

L
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the accumulator setpoint pressure is reached early; the mass inventory depletion is terminated by
accumulator injection in the 6-inch break before any core uncovery occurs.

Table 27-8-1 summarizes events in the reference case break spectrum assuming LOOP. In the
variation of PCT with break size, the depth of core uncovery varies as the break size increases.
The 3-inch break exhibits a much longer core uncovery interval than any larger size break, and
its core mixture level is low enough that it is limiting in calculated PCT. For break sizes larger
than the 10-inch LOCA, it is apparent that the entire core will become voided and the transients
become intermediate or large break LOCA events. The PCTs for all of the breaks are low
relative to the 2200°F licensing limit. A maximum PCT of 964 °F was predicted to occur for the
3-inch break.

The loop seal steam venting behavior plays a major role in the outcome of the LOOP reference
cases. Lee, et al. (1983) identified that phenomenological uncertainties associated with the loop
seal steam venting make it impossible to predict which loop seal(s) will clear deterministically
and that the loop seal steam venting performance is dependent upon the size of a cold leg small
break LOCA. Since each loop has essentially the same flow resistance, each of the loop seals is
poised to clear to vent steam generated in the core to the break at the same time. Small
perturbations within the RCS loops determine which loop seal(s) clear.

Because of the uncertainty in loop seal steam venting capability caused by system perturbations,
there exists a range of loop seal behaviors that can result in no loop seals venting steam, a single
loop seal venting steam, or multiple loop seals venting steam depending upon the break size.

A threshold break size exists for which more than one loop seal will vent steam for an extended
period of time. A threshold break size can be defined as the break size whose transient loop seal
perturbations are large enough to always result in more than one loop seal venting steam for
some period of time. Break sizes below this threshold break size tend to vent steam through only
one loop seal. Lee, et al. (1983) provided a qualitative map of loop seal steam venting behavior
for cold leg breaks as a function of break size as shown in Figure 27-8-1. Because actual
transients depend on several parameters, a general quantitative map cannot be generated. Still,
this map can provide a framework for understanding the loop seal steam venting behavior. As
shown in Figure 27-8-1, neighboring regions may overlap each other as indicated by the shaded
regions. Explanations for each region follows:
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Region A - The break size is not large enough to result in sufficient reactor coolant depletion b
for loop seal steam venting to occur given the associated safeguards systems and
secondary decay heat removal capability.

Region B - There is a narrow range of break size where the broken loop is preferentially
cleared due to its proximity to the break. In this region, the influence of the break
outweighs system perturbations.

Region C - This break is small enough to vent steam through only one loop. Each loop has the
same probability of steam venting.

Region D - Break sizes in this region are large enough so that attendant loop seal oscillations
will cause multiple loop seals to vent steam. The resulting set of loop seals venting
steam is random.

Region E - The break size is large enough to result in all loop seals venting steam.

In the Indian Point Unit 2 LOOP break spectrum, the threshold break size is approximately ,
3-inches in equivalent diameter. In order to conservatively bound the phenomenological \b
uncertainties associated with the loop seal steam venting behavior in the Indian Point Unit 2

analysis, the calculational technique is biased so as to predict the clearing of no more than one

loop seal during the LOOP 3-inch cold leg break reference transient. This is discussed further in

Section 28 and Section 34.
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Table 27-8-1

Summary of LOOP Reference Cases

Event 2.5.-Inch | 3-Inch | 3.5-Inch | 4-Inch 6-Inch 10-Inch
Break opens (s) 0.0 0.0 0.0 0.0 0.0 0.0
Reactox: trip signal (s) at 1800 psig 504 355 - 265 20.7 10.2 6.3
pressurizer pressure
S-signal (s) at 1700 psig 54.9 39.7 30.6 24.6 13.1 7.6
Loop seal clearance begins (s) 1030 724 536 404 175 13
Loof) 21 steam venting No No Yes No Yes Yes
Loop 22 steam venting No Yes Yes No Yes Yes
Loop 23 steam venting Yes No No Yes No Yes
Pressurizer loop 24 steam vcnﬁﬁg No No No Yes Yes Yes
Boiloff core uncovery begins (s) 2080 1372 | 1096 818 N/A® 136
Minimum core collapsed level (ft) 72 6.4 6.6 6.2 55 1.7
Boiloff core uncovery PCT (°F) 832 964 828 756 N/A 652
Boiloff core uncovery PCT time (s) 2600 1948 1312 960 N/A 154
Accumulator injection begins (s) 2957 1957 1305 943 368 125
Core recovery (s) 2977 2147 1392 986 N/A 161
Safety injection exceeds break 2875 1957 1305 943 380 152
flow(s)
a. N/A = not applicable
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Figure 27-8-1. Loop Seal Steam Venting as a Function of Break Size

0:\4384-non\Sec27b1.wpd:1b-040403 27-56



27-9 Break Spectrum With OPA Scenario

The calculations reported in Sections 27-1 through 27-7 were based on the assumption that
offsite power was lost coincident with the time of reactor trip during the break transient. It has
been shown that the LOOP assumption generally leads to the most conservative small break
PCTs. Studies reported by Lee (Lee, et al., 1983) have confirmed this.

If offsite power is available following the initiation of the break and reactor trip, the scenario for
the small break transient changes. The most significant difference between LOOP and offsite
power available (OPA) scenarios is the time of RCP trip. In the LOOP scenario, the RCPs trip
due to the loss of ac power after running for 30 seconds on the plant generator. If offsite power
remains available, however, RCP trip does not occur and the RCPs must be tripped by the reactor
operators. As discussed in Sections 24 and 25 in this volume, this creates an additional
uncertainty in the small break analysis. The RCP trip criteria, described in Section 25, are
defined in the plant EOPs. The actual time of RCP trip depends on three things that must take
place:

. The EOPs must be followed to the point at which an RCP trip decision is made.

. The RCP trip criteria, based on various instrument signals, must be recognized by
the reactor operating crew.

. The physical time that it takes the operator(s) to reach the RCP switch and
deactivate the RCPs must be considered.

In the small break LOCA analysis, the time of RCP trip can have an important consequence on
the transient. Leaving the RCP running is not necessarily a PCT benefit. While the pumps are
on, convective heat transfer in the core is improved, and the pumps help to supply the core with
water from the loops. However, with the pumps running, it is possible to pump more mass out of
the break than otherwise would have been lost.

In addition, the most limiting failure is different in the OPA scenario. The diesel generators are
not needed with OPA to run the safety injection pumps. Rather than an entire train of safety
injection being lost due to the failure of a diesel to start, the most limiting single failure in the
OPA scenario is the failure of one of the high head safety injection pumps to start. Also, the
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surviving safety injection pumps start with slightly less delay in the OPA scenario than in the
LOOP scenario.

Therefore, a series of Indian Point Unit 2 simulations were run to investigate the effect that a
delay in RCP trip time has on the small break transient. For these cases, the following
assumptions were made:

. The RCPs continue to run following a reactor trip signal. Trip occurs by operator
action. Based on the operator timing study documented in Section 25, RCP trip is
expected to occur nominally within 25 seconds following the time of the pump trip
criteria being satisfied. This operator action delay time is largely a function of the
EOPs and how quickly a reactor operator team can proceed through them. This
delay time is considered to be independent of break size. A 32-second delay for
operator action is assumed in these simulations as an upper-bound delay time.
Combined with an assumed delay of 38 seconds in safety injection actuation, the
RCPs are tripped 70 seconds after the safety injection signal. The upper-bound
value is assumed so that the maximum difference in RCP trip time is considered in
the LOOP/OPA comparisons.

. No credit is assumed for injection from the charging pump. As described in
Section 3 of Volume 1 of this document, one of the operator actions taken early
enough in the EOPs to affect a small break LOCA is the action to energize one high
head charging pump. (This is a Class A system in Indian Point Unit 2.) While
including this flow will lead to lower PCTs, the action is not assumed to take place.

. Safety injection delay time is assumed to be 38 seconds, versus 45 seconds in the
LOOP study. The delay time will be less when offsite power is available because
diesel generator startup is not required.

Calculations were performed for breaks ranging from a 3-inch equivalent diameter break to a
10-inch break. All of the breaks were located at the top of the pressurizer loop cold leg, the same
location and orientation as in the LOOP break spectrum. The following sections discuss the
OPA breaks and compare them to the corresponding LOOP breaks.
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27-10 3-Inch Cold Leg Break with OPA

The sequence of events and overall behavior for the 3-inch equivalent diameter cold leg break
with OPA is presented in Figures 27-10-1 to 27-10-7. In general, the 3-inch break with LOOP
and OPA (delayed pump trip) transients are similar. Reactor trip occurs at 35.5 seconds in the
OPA case, and the pumps continue to run until 109.7 seconds before they begin to coast down.
Following reactor trip, the RCS pressure decreases rapidly and voids begin to form in the upper
head and upper plenum. In the LOOP case, these voids begin to collect in the upper plenum and
at the top of the steam generator tubes. With the RCPs running, the system tends to be more
homogeneous because the pumps distribute the voids throughout the RCS.

In the OPA case, some of the vapor is swept through the RCS to the break. This reduces the total
break flow, as seen in Figures 27-10-3 and 27-10-5. Most of the difference occurs during the
period in which the pumps are running in the OPA case, but coasting down in the LOOP case.
The small reduction in break flow results in more inventory retained in the RCS.

The other difference between the OPA and LOOP cases is the loop seal venting. The LOOP case
clears only one loop seal for the duration of the transient; in the OPA scenario, two loop seals
clear and remain clear after the initial clearing almost until accumulator injection.
Depressurization following loop seal clearing is similar in the two cases, which reach the
accumulator pressure at virtually the same time. Because additional mass from the loop seal
region is delivered into the reactor vessel, the collapsed liquid level in the core remains higher in
the OPA case. The PCT in the OPA case is the initial normal operation cladding temperature.
The two-phase mixture level is close to the top of the core in the OPA case, and only a small
length of uncovered fuel exists for a short period of time. Steam cooling is able to limit the
excursion in cladding temperature. ‘
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Figure 27-10-1. Primary and Secondary System Pressures, 3-Inch Break With OPA
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Indian Point 2 Bk SBLOCA Analysis
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Figure 27-10-2. Core Collapsed Liquid Level, 3-Inch Break With OPA
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Indian Point 2 BE SBLOCA Analysis
3—INCH CL BREAK WITH OPA
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Figure 27-10-3. Break Flowrate and Void Fraction, 3-Inch Break With OPA

0:\4384-non\Sec27b1.wpd:1b-040403 27-62



Indian Point 2 BE SBLOCA Analysis
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Loop 21 Steam Flow

—— FC 7 O LDOP SEAL 21

12
100 -
&
5
~ w0
P
&
=
-
a
g |
= x
° h‘k_/\ - AAL{A (PN §
: TRV
0 P BN BN .
o 1000 1500 2000 250
Time (s)

A. Loop 21 Loop Seal Steam Flow

: Indian Point 2 BE SBLOCA Analysis
~— 3-INCH CL BREAK WITH OPA
Loop 23 Steam Flow

— G 123 0 LOOP SEAL 23

7

)
|

]

Wass Flow Rote {lbm/s)
5 k-1
= |

o -}
T ivv i

_”—.,. POV ST E RS S
1000 13
Time (s)

C. Loop 23 Loop Seal Steam Flow

Indian Point 2 BE SBLOCA Analysis
3-INCH CL BREAK WITH OPA
Loop 22 Steam Flow

Fo 119 H O LOOP SEAL 22

12

g

-3
rrtrrrir

Mass Flow Rate {bm/s)

-]

VY v NEYU P

E‘k_/'\
A o ndababal,

= T e e R “E—-
Time (s)

B. Loop 22 Loop Seal Steam Flow

Indian Point 2 BE SBLOCA Analysis
3-INCH CL BREAK WITH OPA
Loop 24 Steam Flow

(1 17 G LOOP SCaL 24

g

1k

Mass Flow Rate (bm/s)
: =

-2 PRI ST Y

P

D. Loop 24 Loop Seal Steam Flow

Figure 27-10-4. Loop Seal Steam Flows, 3-Inch Break With OPA
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Indian Point 2 BE SBLOCA Analysis
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Figure 27-10-5. Reactor Vessel Mass, 3-Inch Break With OPA
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Indian Point 2 BE SBLOCA Analysis

3—INCH CL BREAK WITH OPA
Peak Claddlng Temperature

0 PEAK CLADDING TEMP.

790

700

g

o
s

Temperature (F)

&

450

PCT

L

BN

N

s

-

| P |

IS B

N I N |

.

| R T

500

1000

Time (s)

1500

2000

Figure 27-10-6. PCT, 3-Inch Break With OPA
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Figure 27-10-7. Total Safety Injection Flow to RCS, 3-Inch Break With OPA
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27-11 4-Inch Cold Leg Break With OPA

The sequence of events and overall behavior for the 4-inch equivalent diameter cold leg break
with OPA are illustrated in Figures 27-11-1 to 27-11-7. In general, the LOOP (pump trip on
reactor trip) and OPA (delayed pump trip) transients are similar. Reactor trip occurs at

20.7 seconds in the OPA case, and the pumps continue to run for 94.6 seconds when they are
tripped and begin to coast down. During the blowdown period, flashing occurs in the reactor
vessel and loops. As the pumps continue to run in the OPA case, the pumps tend to homogenize
the RCS. Within the initial 40 seconds of blowdown, because there are some voids pumped into
the broken cold leg in the OPA case, the break flow b