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ABSTRACT

This report describes the TU Electric methodology for the analysis
of the core response to steamline break events. A complete
description of the regulatory bases, computer codes and models, and
analytical techniques for the analysis of these events is provided
for both at power and zero power steamline breaks. Representative
analyses are presented to demonstrate the application of the TU
Electric methods. Sensitivity studies are presented to identify
key analysis parameters, justify analysis assumptions and
techniques, and determine the limiting cases. It is concluded that
the TU Electric methodology for steamline break anal,sis is

acceptalrle for licensing applications.
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CHAPTER 1

INTRODUCTION

1.1  Purpose

The purpose of this report is to describe and demonstrate the
methodology intended to be used by TU Electric for analyzing
the steamline break events (FSAR Sections 15.1.4 and 15.1.5).
The steamline break events include transients initiated by
either a failure of a steam dump, safety, or relief valve or
by an actual rupture in the steam system. The methodology
described in this report is applicable to the Comanche Peak
Steam Electric Station (CPSES) and expands on transient
analysis and core thermal hydraulic methodologies desc ed
previously (1,2). Parawetric studies are presented to
demonstrate the sensitivity of the consequences of steamline
break events to a variety of assumptions. The results of the
sensitivity studies formulate the bases for the limiting
case(s) which will be included in licensing submittals.

1.2 DPescription of the Event

The steam raleases arising from either a failure of a steam
dump, safety or relief valve or by an actual rupture in the
secondary steam system would result ir an initial increase in
steam flow which decreases during the event as the steam
pressure decreases. The increase in steam flow from the steam
generators causes an increase in the energy removal rate from
the Reactor Coolant System (RCS) and results in a reduction of
coolant temperature and pressure. In the presence of a
negative moderator temperature coefficient, the cooldown
causes an increasu in the core reactivity. The rate ¢t which
the core power increases to match the increased steam load
demand is yreatest when the reactivity coefficients are the
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most negative (typically at the end of life in the fuel
cycle).

If steamline break occurs while the reactcr is at power, the
core power increases from its initial level due to positive
reactivity insertion from the RCS cooldown. The reactor will
asymptotically approach a power level equal to the steam
energy release raite unless terminated by a reactor trip and/or
safeguards actuation., A low steamline pressure signal
provides steamline isolation and safety injection actuation.
The main steamline isolation valves (MSIVs) are closed on the
steamline isclation signal. If a safety injection actuation
occurs, the safety injection system pumps are started and the
feedwater isolation valves are closed. For postulated breaks
downstream of the MSIVs, the »sreak flow would be stopped
completely, terminating the tr nsient. If the break is
upstream of a MSIV, the break {low is terminated from all but
one of the steam jenerators.

If the cooldown rate is large relative to the negative
reactivity insertion from the safety injection system, the
reactor may return to power, especially if a rod cluster
control assembly (RCCA) is assumed to be stuck in its fully
withdrawn position after reactor trip. The reactor power will
ultimately decrease tc¢ the decay heat level as the steam
blowdown decreases with the decreasing steam pressure and as
the boron concentration in the RCS increases. The cooldown
will terminate when the affected steam generator is dry.
Normal plant cooldown will continue with auxiliary feedwater
being supplied to the intact steam generators.

Should the reactor be subcritical at the time the steamline
break occurs, the event would be similar to the at-power
steamline break scenario following the reactor trip., However,
the amount of stored energy with the RCS initially at hot

i=2
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feedwater iscolation. Each of thuse provide a mitigative

function for the steamline break event.
summary

The information provided in this report demonstrates that

has developed an acceptable methodology for the
steamline break events for licensing applications.

organized as follows:

Chapter 2 contains a discussion of the
the analysis ¢ the steamline break

ldentifics >n of event acceptance

Chapter 3 provides a complete descC

methodology, including computer codes and models,

analysis assumptions, and analytical technigues

Representative analyses are presented in this chapter to

demonstrate the application of the methodology for both the

at-power and zero power steamline pbieak events, In additi

A A
sensitivity studies are perfc justify the selection of
rarious modeling technigques anc ut assumptions, to ldentify
the parameters important to the amline break event, and tc

determine the limiting analys
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CHAPTER 2

REGULATORY REQUIREMENTS

2.1 General Design Criteria

Title 10 of the Code of Federal Regulations [3), Part 50
(10CFR50), requires thal a Final Safety Analysis Report (FSAR)
be prepared which includes infarmation that describes the
facility, pra2sents the design basec and limits of operation,
and presents a safety analysis of the facility as a whole.

The purpose of the satety analyses is to demonstrate that the
reactor facility can be operated without undue risk to the
public health and safety. Appendix A of 10CFR50 establishes
the minimum requirements for the General Design Criteria (GDC)
for nuclear power plants. The American National Standard
"Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," (ANSI N18.2-1973) (4], was
developed to amplify the guidance provided by the GDC.
Additional requirements beyond those contained in the GDC have
been established by the Nuclear Regulatory Zommission (NRC)
and have been committed to in establishing the safety analyses
for CPSES. These requirements (industry standards, regulatory
guides, NUREGs, etc.) are documented in the FSAR (5] and the
Safety Evaluation Report (SER) (6] issued by the NRC and form
the licensing basis for CPSES.

An objective of 10CFR is# to establish the requirements for the
protection of the public health and safety from the
uncontrclled release of radicactivity. The FSAR Chapter 15
safety analyses are performed to demonstrate that the
conseguences of the postulated transients and accidents do not
exceed the established dose acceptance limits definad in the
CFR. The NRC regulates the compliance with these iose limits
under the provisions of 10CFR20 and 10CFR100, depending on the
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shall have a low probability of occurrence. The standard
divides the spectra of plant conditions into four categories.
These categories are:

Condition I1: Normal Operation;

2. Condition II: Incidents of Moderate Fregquency;
Condition III: Infrequent Faults; and,

4. Condition 1IV: Limiting Faults.

Condition Y: _Normal Operation

Condition I occurrences are operations that are expected
frequently or regularly in the course of power Hreration,
rafueling, maintenance, or plant maneuvering. These
occurrences shall be accommodated with margin between any
plant parameter and the value of that parameter which would
require either automatic or manual protective action.

Condition I11: Incidents of Moderate Fregquency

Condition II occurrences (or Anticipated Operational
Occurrences) include incidents, any one of which may occur
during a calendar year. There are several design regquirements
specified for Condition II events. These regquirements are:

1. Condition II incidents shall be accommodated with, at
most, a shutdown of the reactor with the plant capable of
returning to operation after corrective action;

2. A Condition II event, by itself, cannot generate a more
serious incident of the Condition III or IV type without
other incidents occurring independently;
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include the potential for the release of significant amounts
of radiocactive material., Condition IV faults are the most
limiting design cases (i.e., "Design Basis Accident™). Tw.
design requirements are associated with Condition IV
occurrences. These requirements are:

1. Condition IV faults shall not cause a release of
radicactive material that results in an undue risk to
public health and safety exceedirng the guidelines of
10CFR100; and,

2. A single Condition IV fault shall not cause a
consequential loss of required functions or systems
needed to cope with the fault including those of the
reactor coolant system and the reactor containment
system.

2.3 Acceptance Criteria

The safety analysis approach used to define the acceptance
criteria is to determine the limits on plant physical
parameters which, if exceeded, could lead to a fission product
barrier failure. The acceptance criteria provide a tangible
means of evaluating the barrier performance with respect to
the more generic criteria of the GDC. The FSAR Chapter 15
events are analyzed in terms of their effect on the physical
barriers since there is a relationship between barrier
integrity and dose.

While the value of the physical parameters (i.e., RCS
pressure, temperature, etc.) for which barrier failure occurs
may not be accurately known, the valus does provide a
reference point against which the margin to probable barrier
failure can pe measured. The acceptance limit is the value of
a physical parameter which, if exceeded, would decrease the
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confidence level in the integrity of the burrier. The amount
of margin to the point of potential barrier failure is
dependent upon the desired confidence level. The margin
between the acceptance limit of a physical parameter and the
point of probable (or assumed) barrier failure is defined as
the "margin of safety.” Thus, the GDC requirement to design
with margin is satisfied by meeting the appropriate acceptance
limit(s).

For example, GDC 20 requires that the protection system
automatically initiate appropriate systems to assure that
specified acceptable fuel design limits are not exceeded as a
result of anticipated operational occurrences. This criterion
can be satisfied by demonstrating that a reactor trip occurs
in sufficient time to maintain the fuel/clad barrier
integrity.

There are several aspects of the steamline break events which
must be considered. If a Main Steam System depressurization
occurs as a result of an inadvertent opening of a valve, the
constraints imposed on Conditic Il events must be met. If an
actual pipe rupture occurs in the Main Steam System, possible
concerns regarding core integrity, dose releases, containment
response, pipe whip, etc., must be considered. This repcrt
addresses only the issue of core integrity. The steamline
break events presented within this report are categorized
below with acceptance criteria specified for each
classification.

Conditicon II: Incidents of Moderate Freguency

The accidental depressurization of the Main Steam System (FSAR
Chapter 15.1.4) can be caused by the inadvertent opening, with
failure to close, of either the steam dump, relief, or safety
valve. The acceptance criteria for these ANS Condition II
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events are established to preclude any fission product barrier
degradation thus satisfying the limits of 10CFR20 and the GDC

(7).

1.

The specific acceptance criteria are as fcollows (8):

There is at least a 95% probability that departure from
nucleate boiling (DNB) will not occur on the iiwiting
fuel rods at the 95% confidence level (95/95). DNB is
evaluated in terms of the departure from nucleate boiling
ratio, DNBR, which is the ratio of the predicted DNB heat
flux calculated by an empirical correlation to the actual
local heat flux. The criterion on DNBR is that the
calculated minimum DNER must not be less than the design
limit value;

Pressures in the Reactor Coolant System and Main Steam
System are maintained less than 110% [9) of their design
limits. The CPSES Reactor Coolant System and Main Steam
System design pressures are 2500 psia and 1200 psia,
respectively; and,

There is at least a 95% probability that the peak kW/ft
fuel rods will not exceed the U0, melting temperature at
the 95% confidence level. By precluding UOQ, melting, the
fuel geometry is preserved and possible adverse effects
of molten UO, on the cladding are eliminated.

it y 1V E \ Liniti Fau)

For an actual rupture of a pipe in the Main Steam System, the
general criteria are that short-term and long-term core
coolability are achieved [10], and that the offsite dose
consequences must be within the guidelines of 10CFR100. A
Main Steam System pipe rupture with an egquivalent area of less
than six inches in diameter is classified as an ANS Condition
I1I event, while larger breaks are classified as ANS Condition

2=7
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CHAPTER 3

METHOD OF ANALYSIS

Consistent with Regulatory Guide 1.70 [11) and NUREG~-0800

(8, 12), the steamline break analysis methodology is developed
considering various assumed initial conditions that are
relevant to the event to ensure that the condition(s) leading
to the most severe consequences have been identified.
Generally, the parameters and assumptions which are important
to the steamline break events are those which affect the
cooldown rate, reactivity feedback, core power distribution,
and operational characteristics of the Reactor Protection
System (RPS) including the Engineered Safety Features
Actuation System (ESFAS). The TU Electric analysis
methodology for the steamline break events is described in
this chapter. Representative analyses, and the sensitivity to
various assumed initial conditions and modeling assumptions as
well as break sizes and potential single failures are
presented within this section.

3.1 Qverview of Technigues

3.1.1 §Steamline Break at Power

For the at power steamline break event, a spectrum of power
levels and break sizes are considered to ensure that the
condition(s) leading to the most severe consequences have been
identified. An analytical approach consistent with that
described in the transient analysis methods and the core
thermal hydraulic methods topical veports [1, 2] is used to
evaluate the steamline break event occurring while ‘he reactor
is at power. This transient is analyzed using two different
computer codes. First, the RETRAN-02 computer code [13) is
used to generate the system transient response. Then, the
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VIPRE-01 computa
analyses based on
RETRAN-02.

[14]@;: used to perform the DNBR
he system transient response from

3.1.2 Steamline Break at Hot Shutdown

The steamline break at hot shutdown transient is analyzed with
three different computer codes. RETPAN-02 is used to model
the system thermal hydraulic response to a steamline break.
Statepoints of core power, reactivity, inlet temperature,
flow, pressure, and boron concentration are generated for the
transient. Since the system transient analysis is performed
with a point kinetics model, reactivity checks are made
incorporating spatial effects to ensure that the RETRAN-02
point kinetics model overpredicts the total change in
reactivity, thus producing a conservative transient. The
reactivity checks and core power distributions are calculated
using the SIMULATE-3 three-dimensional full core neutronics
code, based on the statepoints generated with RETRAN~02. The
DNBR calculations are then performed with the VIPRE-01 code
using the statepoints from the RETRAN-02 system thermal
hydraulic analysis and the axial and radial power
distributions from SIMULATE-J.

3.2 Computer Codes
RETRAN-02

The RETRAN-02 computer code is the principal analytical tool
used by TU Electric to perform the system transient analysis
portion of the steamline break events. RETRAN-02 was
developed under the sponsorship of the Electric Power Research
Institute (EPRI) to perform simulations of reactor system
transients. RETRAN-02 has the flexibility to model many
different accident scenarios and plant conditions. As such,

3=2



the NRC has stipulated in the Safety Evaluation Report (SER)
for RETRAN-02 [15, 16) that each user describe their
application of the code. TU Electric has previously described
the application of RETRAN-02 to various accident analyses in
reference 2. Further, TU Electric has used RETRAN-02 to
perform the analysis of the Steam Generator Tube Rupture event
(17) currently presented in the CPSES FSAR. This report
describes the application of RETRAN-92 to the steamline break
event.,

VIPRE-01

The VIPRE-01 computer code [14) is the principal analytical
tool used to perform the reactor core thermal hydraulic
analyses. VIPRE-01 was developed under the sponsorship of
EPRI to perform reactor core thermal hydraulic analyses
involving the calculations of heat flux, fluid conditions, and
DNBR., With the VIPRE-01 code, the reactor core can be modeled
as a number of guasi-one-dimensional flow paths or channels
that communicate laterally by diversion crossflow and
turbulent mixing. Eguations for conservation of mass,
momentum (axial and lateral), and energy are solved to predict
the liquid enthalpy, axial flow rate, lateral flow rate per
unit length, and momentum pressure drop for each core region.
The VIPRE-01 code can perform both steady-state and transient
analyses using time dependent boundary conditions for core
inlet flow and enthalpy, system pressure, and core power as
input.

SIMULATE=-3

1l neutronics calculations use the SIMULATE-3 three
dimensional, two group core simulator computer code. The
CASMO~-3 /TABLES-3 computer codes provide cross sections for
input to SIMULATE-3. These codes and their use in TU Electric

33



methodology are discussed in reference 18. The particu.ar
features of SIMULATE-3 which are important to the steamline
break analysis include pin power reconstruction and
non~-uniform core inlet temperature and flow distribution.

3.3 $Steanline Break at Power

The steamline break transient occurring while the reactor is
at power results in an increase in the core power from its
initial level due to the ponsitive reactivity insertion from
the RCS cooldown. The reactor will asymptotically approach a
power level equal to the steam energy release rate unless
terminated by a reactor trip and/or safeguards actuation. The
initial power level, turbine load demand, reactivity feedback,
and break size are the primary parameters which influence the
course of the steamline break transient.

The purpose of the evaluation of the siteamline break event
occurring while the reactor is at power is to demonstrate that
the plant protection systems perform their intended function
to protect the core against overpower conditions prior to
reactor trip. Following the reactor trip and steamline
isolation, a single steam generator may continue to blow down
if the break is located upstream of the MSIV. Although the
reactor may return to power as a result of the continued
cooldown, this phase of the transient is bounded by the
steamline break initiated at hot shutdown conditions. This is
due to the greater amount of stored energy in the RCS
following a reactor trip from power compared to the initial
hot shutdown condition stored energy.



3.3.1 gGQalculational Models

3.3.1.1 System Thermal Hydraulic Analysis

For steamline breaks occurring while the reactor is at power,
the turbine load controller maintains a constart steam flow to
the turbine by opening the turbine control valve as the steam
pressure dec-eases. The steam flow to the turbine will
continue unt’'l a turbine trip or steamline isolation occurs.
Steamline breaks occurring while the reactor is at power will
thus result in a near uniform blowdown of all four steam
generators prior to closure of the main steam isolation
valves. Therefore, a single-loop version of the RETRAN-02
nodel (2] is used for the at-power steamline break analyses.

The CPSES RETRAN-02 system model includes representations of
both the primary and the secondary coolant systems. The
primary system models include representations for all of the
RCS piping and the reactor coolant pumps, a non-equilibrium
pressurizer model (including a separate surge line) with
relief and safety valves, and a detailed reactor vessel model.
The secondary system components modeled include the steam
generators, the steam piping to the *urbine, main and
auxiliary feedwater, and various isolation and relief valves.
All protection and control systems important to the plant
transient response have been rodeled (including the turbine
load contreller). A point kinetics model is used to simulate
the core power response to reactivity changes resultine from
variations in boron concentration, control rod position, fuel
temperature, and coolant density. A DNBR evaluation model is
incorporated into the RETRAN-02 system model to monitor the
DNER trend during the event. However, compliance with the DNB
acceptance criterion is demonstrated using the detailed TU
Electric core thermal hydraulic methodology [1].



A modification to the RETRAN-02 model described in Reference 2
was made for the steamline break at power analyses. To allow
for a constant steam exit quality of 100% throughout the
transient, the steam generator secondary side model is
represented by a single saturated volume. This model
maximizes the effluent enthalpy and thus maximizes the energy
removal. In addition, a dry steam blowdown removes less mass
from the steam generator, keeping the overall
primary-to-secondary heat transfer coefficient constant near
the nominal value for an extended period of time. A noding
diagram of the RETTAN-02 system nodel used for the at-power
steamline break analyses is shown in Figure 3.3-1,

3.3.1.2 Core Thernal Hydraulic Analysis

The CPSES VIPRE~01 core thermal hydraulic model used to
perform the DNBR analyses ifor the at-power steamline break
events is based on the model described in Reference 1. The
CPSES VIPRE-01 model was developed in accordance with the
modeling guidelines in the VIPRE-01 code manuals [14] and the
modeling requirements specified in the VIPRE SER [19). A

summary of the CPSES VIPRE-01 model is provided in Table 3.3~1.

3.3.2 Analytical Methods

This transient is analyzed using the RETRAN-02 and VIPRE-01
computer codes. Firct, the RETRAN-02 computer code is used to
generate the system transient response using the l-loop system
model described in Section 3.3.1.1. This portion of the
analysis determines the steam flow, RCS cooldown, reactivity,
core power, and pressure transient, in addition to the time of
reactor trip. Then, the VIPRE-01 computer code is used to
perform the DNB analyses based on the system transient
response from RETRAN-02.
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in Secondary Steam Flow event (10% step load increase) which
does not result in or reguire an automatic reactor trip.

3.3.2.1 TIransient Simulation

The steam flow from the steam generator or steamline is
calculated using the Moody [20) correlation incorporated in
the RETRAN-02 code with an additional assumption of a
contraction coefficient equal to 1.0. The break is simulated
by adding a junction with a valve, to the first main steam
volume downstream of the steam generator, that discharges to
the atmosphere (14.7 psia). Steam flow to the turbine is
assumed to continue at its initial rate to simulate the
turbine load controller. The turbine load controller
maintains a constant steam flow to the turbine by opening the
turbine control valve as the steam pressure decre.zes. The
steam flow to the turbine will continue until a turbine trip
or steamline isolation .ccurs.

3.3.2.2 Analys.s Assumptions

The initial operacing conditions assumed in these analyses are
the most adverse vith respect to the margin to DNB consistent
witli steady state operation. The conditions include
allowances for calibration and instrument errors, i.e.,
minimum pressure, maximum coolant average temperature, and
minimum RCS flow rate. The greatest reactivity insertion and
resultant power increase as a result of a steamline break
occurs when the reactivity coefficients are the most negative
(typical of end of life conditions). Therefore, maximum
moderator and doppler reactivity feedback is used in the
analysis. Consistent with the current licensing basis [5] and
the philosophy described in Reference 1, control system
oparations are assumed only when action normally taken by the
control system results in a more severe event consegquence.
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The control systems of interest for the steamline break event
are discussed below:

1.

Pressurizer Pressure control System - A steamline break

results in a cooldown and depressurization of the RCS. A
greater RCS depressurization and a conservative
prediction of the minimum DNBR would result without
pressurizer heater operation. Therefore, no credit is
taken for their operation. The pressurizer PORVs will
not be actuated during the event since the pressure
decreases from event initiation.

Pressurizer level Contro) System - The operation of the

Chemical and Volume Control System (CVCS) would increase
the RCS mass and thereby maintain pressurizer level and
pressure. Therefore, no credit is taken for the
operation of the CVCS.

Turbine Contreol System - The turbine load controller is

simulated to maintain a constant steam flow rate to the
turbine as the steam presrure decreases.

Steam Cenerator Water Level Control System - The steam

generator water level control system is modeled by
matching the feedwater flow rate to the increased steam
flow rate, thus producing an increased amount of heat
extraction in the steam generator. This assumption also
ensures that a conservative overall heat transfer
coefficient is predicted throughout the event by
preventing any tube bundle uncovery.

Reactor Control System - Operation of the Reactor Control
(or Rod Control) system, due to a mismatch in the turbine
and reactor power, would lessen the severity of the

event. The reactor power increases due to the reactivity
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feedback, while the turbine power remains constant at the
initial value or decreases as the load controller reaches
its limit. These effects would result in an insertion of
the control rods and thereby lessen the event
consequences. However, the limiting break size (the cne
which produced the lowest DNBR) is analyzed with
automatic rod control to study the effects.

The Reactor Protection System functions to mitiyate the
consequences of the steamline break event. The specific
reactor trip function which provides the protection depends on
the initial power level and the break size. The reactor trips
which provide the primary protection for a steamline break

are:
1. Safety Injection Signal on low steamline pressure,
2. Overpower N-16,
3. Overtemperature N-16,
4. Low pressurizer pressure and,
5. High neutron flux.

The various setpoints and time delays for the RPS are selected
to provide sufficient operating margin to prevent spurious
actuations, yet still provide adequate reactor protectiocn.

The difference between the limiting trip setpoint assumed for
¢ analysis and the nominal Technical Specification setpoint
represents an allowance for instrumentation channel error and
setpoint error.

Various instrumentation delays are associated with each trip
function, including delays in signal actuation, in opening the
tr.p breakers, and in the release of the rods by the control
rod drive mechanisms. The total delay to trip is defined as
the time delay from the time that trip conditions are reached
to the time the rods are released and “»egin to fall.
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To demonstrate compliance witn the DNBR acceptance criterion,
the TUE~1 critical heat flux correlation was used. The TUE-1
correlation has a 95/95 DNBR limit of 1.16 [22, 23). As
described in the core thermal hydraulic methods topical [(3), a
TUE-~1 DNBR design limit value will be specified which is
higher than the correlation limit to provide for sufficient
margin to offset anticipated DNBR penalties. The selection of
the TUE-1 DNBR design limit value is beyond the scope of this
report. However, a TUE~1 DNBR design limit of 1.35 is
selected for illustrative purposes.

Compliance with the fuel centerline relt acceptance criterion
is demonstrated by comparing the linear heat generation rate
(LHGR) at the core hot spot to the maximum limiting LHGR which
does not rerult in fuel centerline melt., A core thermal
overpower limit of 118% has been demonstrated to preclude fuel
centerline melting independent of the core axial power
distribution effects [21).

The effects of various break sizes and power levels have been
analyzed. The results show that any at-power steamline break
event falls into one of three categories, depending upon the
initial power level and break size, The first category of
steamline break events has the ESFAS as the primary source of
reactor protection. The second category has the Overpower or
Overtemperature reactor trips actuated for primary protection.
And, the third category does not require any automatic reactor
protection system actuation to mitigate the event.

Following any steamline break, the steam generators
depressurize due to the increased steam flow and resultant
increase in feedwater flow in response to a steam/feedwater
flow mismatch. The increased heat transfer rate in the steam
generators causes a cooldown of the RCS. With a negative
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moderator temperature coefficient, the core power increases
from its initial value due to the positive reactivity caused
by the RCS cooldown. During this period, the margin to the
RPS and ESFAS setpoints decrease.

The results for the 102% initial power cases show that for
break sizes of 0.29 ft? per loop or larger, the primary source
of protection is the ESFAS. Figures 3.3-2 and 3.3-3 show the
plant transient response to a steamline break representative
of this category (a 0.50 ft’ per loop break), and Table 3.3-4
provides the sequence of events. For cases that fall within
this category, the rapid stezm generator depressurization
generates an ESFAS low steamline pressure signal which
actuates safety injection, thus providing a reactor trip. For
the 0.29 ft? per loop break case (the smallest break size in
this category) the low steamline pressure signal is generated
within 8.0 seconds. The rather quick generation of the low
steamline pressure signal does not aliow a significant RCS
cooldown prior to the reactor trip. Therefore, the reactor
power increases only a small amount prior to the trip. The
minimum DNBR during the event occurs at the time of the rod
motion from reactor trip and remains well above the 1.35
acceptance limit. The peak thermal power also remains well
below 118% of nominal power, thus precluding any fuel
centerline melting.

For the second category of steamline break cases, a reactor
trip is generated by the Overpower N-16 trip function prior to
reaching a low steamline pressure signal. Figures 3.3-4 and
3.3~-5 show thn plant transient response to a steamline break
representative of this category (0.285 4 per loop break),

and Table 3.3~5 provides the sequence of events. The cases
within this second category are characterized by a slower
steam generator depressurization than those cases within the
first category. Thus, the RCS can experience a greater
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cooldown, resulting in a more substantial reactor power
increase compared to those cases within the first category.
As shown in the figures, the Overpower N-16 reactor trip
occurs in time to prevent the core thermal power from
exceeding 118% of neminal power, and the minimum DNBR remains
above the 1.35 acceptance limit.

The steamline break cases within the third category do not
result in (or require) any automatic RPS actuation. Figures
3.3~6 and 3.3-7 show the plant transient response to the
largest steamline break which falls within this category
(0.0625 ft? per loop), and Table 3.3-6 provides the sequence
of events. The cases within this category are very similar to
the Excessive Increase in Secondary Steam Flow transient (FSAR
Chapter 15.1.3) analyzed in Reference 1. The transient
response shows that the reactor power asymptotically
approaches a power level equal to the steam energy release
rate. The DNBR decreases from its initial value reflecting
the higher equilibrium power, but remains well above the 1,35
acceptance limit. The core thermal power does not reach 118%
of nominal power during the event.

The results of the 102% initial power cases are summarized in
Figure 3.3-8 for the spectrum of break sizes analyzed. The
maximum steam flow rate, peak core thermal power, and minimum
DNBR are shown as a function of the break area per loop. The
summary results show that none of the cases violate the DNBR
acceptance limit of 1.35 and the thermal overpower limit of
118% of nominal. The limiting break size which yields the
lowest DNBR for the 102% initial power cases corresponds to
that which provides essentially a simultaneous low steamline
pressure and Overpower N-16 protective function.

The results of the 70% and 30% initial power cases exhibit
similar trends as those in the 102% initial power cases over
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the spectrum of break sizes considered. The 70% initial power
cases fall into one of the three categories previously
described, but the 30% initial power cases do not have the
second category of cases (those which trip on Overpower N-16).
The break size spectrum for each category is different for the
partial power cases than the 102% power cases due to the
additional margin to the RPS trip functions at the lower power
levels.

Figures 3.3-9 through 3.3-14 illustrate the transient ‘esponse
for the 70% initial power cases for a representative ceak
size within each category, and Tables 3.3-7 through 3.3-9
provide the seguence of events. Figures 3.3-15 through 3.3-18
show the transient response for the 30% initial power level
cases for a representative break size within the first and
third categories, and Tables 3.3~-10 and 3.3-11 provide the
sequence of events,

A summary of the maximum steam flow, peak heat flux, and
minimum DNBR results for the 70% and 30% initial power cases
is provided in Figure 3.3-19, along with the summary of the
results for the 102% initial power cases for comparative
purposes. As can be seen from this summary figure, the 102%
initial power level represents the limiting initial power
level for evaluating the steamline break at power events,

The limiting 102% initial power case was also analyzed with
automatic rod contrel, and the results are shown in Figures
3.3-20 and 3.3-21. The reactor power increase, due to the
moderator reactivity feedback, causes a mismatch between the
turbine and reactor power resulting in the stepping in of the
control rods. The automatic rod control operation thus limits
the power increase resulting in a higher DNBR and a less
severe transient.



3.3.4 Summary

The at-power steamline break events have been analyzed using
the analytical techniques described in Section 3.3.2, and
input assumptions typical of FSAR analyses. Sensitivity
studies were performed on the initial power level and break
size to ensure that the limiting at-power steamline break
event was considered. For all of the cases analyzed, the
calculated minimum DNBR remained above the design limit value
and the peak thermal power did not exceed the 118% limit
value. The results of this study show that the limiting power
level, with respect to the event acceptance criteria, is 102%
power. 1t was also shown that the primary reactor protection
function for event mitigation is dependent upon the break
size. Generally, the larger breaks (greater than
approximately 0.3 ft? per loop) are not limiting due to the
guick generation of a low steamline pressure safety injection
signal. Intermediate break sizes (between about 0.1 ft? and
0.3 ft? per loop) are typically the limiting cases since they
result in the highest overpower situation relying on the
Overpower N-16 reactor trip function. The breaks within this
category provide enough of a steam release to result in a
relatively high core pocwer increases, but not a low steamline
pressure signal. The smaller steamline breaks (less than
about 0.1 ft? per loop) generally do not result in or require
a reactor trip, and therefore are not limiting.

3.4 Steamline Break at Hot Shutdown

With the reactor subcritical, either initially or due to a
reactor trip from power, a steamline break could potentially
cause the reactor to approach or return to critical due to an
excessive cooldown and loss of shutdown margin. However, the
amount of steored energy with the RCS initially at hot shutdown
conditions is less than the amount of stored energy following
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a reactor trip from at power conditions. Therefore, the RCS
cooldown and resultant approach to criticality foliowing a
reactor trip from at power conditions is less severe than a
steamline break postulated to occur at initial hot shutdown
conditions. A return to puwer following a steamline break is
a potential problem mainly because of the high radial power
peaking which may exist assuming the most reactive RCCA to be
stuck in its fully withdrawn position. Protection for the
steamline break from initial hot shutdown conditions is
provided by the safety injection and steamline isolation
functions.

3.4.1 Calculational Models

3.4.1.1 §System Thermal Hydraulic Analysis

The RETRAN-02 computer code is used to perform the systenm
transient analysis portion of the steamline break analysis.

If a steamline break is postulated to occur upstream of a MSIV
or should a single MSIV fail to close, the break flow wculd be
terminated in all but one of the steam generatorsn. Due to
this asymmetry, a multi-loop version of the CPSES RETRAN-02
system model is used to analyze the effects of the potential
loss of shutdown margin and resultant criticality.

A two-, three-, or four-~loop version of the CPSES RETRAN-02
system model as described in Reference 1 car be used to model
the asymmetric aspects of the steamline break event occurring
from initial hot shutdown conditions. To model the various
main and auxiliary feedwater flow conditions, a four-lcop
systam model is used (shown in Figure 3.4-1).

The following modifications to the multi-loop RETRAN-02 model
described in reference 1 were made for the analysis of the
gteamline break at hot shutdown:
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Steam Generator/Main Steam Systenm

The steam generator heat transfer model couples the excessive
steam release to the RCS transient. The heat transfer in the
steam generator depends on the overall primary-to-secondary
heat transfer coefficient (UA). To obtain a conservative UA
throughout the transient, several steam generator modeling
changes are made to the CPSES RETRAN-02 model in Reference 1.
First, as in the at-power steamline treak analyses, the steam
generator secondary side model was modified to be represented
by a single saturated volume to allow for a constant steam
exit quality of 100%. A second modification was made to
reduce the effective steam generator tube bundle height to
delay any possible tube bundle uncovery during the event. The
combination of a one-node secondary side steam generator model
with a dry steam blowdown and reduced tube bundle height
results in a conservatively high energy removal rate which
maximizes the severity of the core transient. For simplicity,
the steamlines are not modeled. Each steam generator has
junctions to model the feedwater, auxiliary feedwater, steam
flow (at initialization), safety valves, and the break flow.

Reactor Vessel

The eight volume reactor vessel model in Reference 1 is
modified to a fifteen volume model to account for the effects
of the cocvlant asymmetries during the steamline breakh event.
The downcomer, lower plenum, core, and upper plenum are each
divided into two volumes. The volume associated with the
faulted loop represent 25% of the total volume, and the volume
associated with the intact loops represent 75% of the total
volume. The core heat conductors are also divided in
accordance with the 75%/25% split used for the volume
representation.



The core region is split in., two channels to allow for a
weighting of the reactivity feedback effects. The lower and
upper plenum volumes are divided to provide for coolant mixing
among the loops. Separate downcomer volumes are provided for
the intact loop and faulted lcops tc provide complete
separation of the fluid conditions (i.e., no mixing is assumed
in the downcomer annulus), The reactor vessel upper head dead
volume is split horizontally to provide a better
(epresentation of the relatively stagnant flow in this region.
Flow exists from the dead volume to the upper plenum volume
through a zero resistance junction. Th.s assumption
conservatively delays the refill of the upper head following
the rapid depressurization and flashing of the fluid in this
region.

Reactor Vessel Mixing

The co~lant from the various reactor coolant loops begins to
mix upon entry into the reactor vessel. The interloop mixing
occurs in the downcomer, lower plenum, core region, and upper
plenum as the coo .ant .ravels through the vesg~’ In the
steamline break event in which a sirgle steam generator
continues to blow down following steamline isolatio,
potentially large temperature differences can occur be ‘ween
the affected and unaffected loops. Without complete in =rloop
mixing, the colder water associated with the affected lcop
flows primarily through the core sector closest to that
reactor vessel inlet,

The reactor vessel mixing model developed for use in the
steamline break analysis can simulate any degree of mixing
within the lower and upper plena through the use of user
specified mixing fractions. Independent inpute for the lowei
and upper plena are used in the model to vary the degree of
mixing from "no mixing" to "perfect mixing". "Perfect mixing"
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calculated in the system model for each sector and are
combined to provide the core average coolant properties for
use in the point kinetics model. The combining of the
affected and unaffected core channel properties include
weighting factors which place greater importance on the
affected channel. Thus, the RETRAN-02 point kinetics model is
conservative with respect to the three~dimensional neutronics
calcnlations.

Engineerod Safety Featurer Actuation Systenm

During the course of a steamline break, the ESFAS is actuated
to mitigate the conseguences of the event. The ESFAS
functions include steamline isolation, feedwater isolation,
and safety injection, all of which are simulated in the
RETRAN-02 system model. The setpoints and time delays for the
ESFAS are selected to provide sufficient operating margin to
prevent spurious actuations, yet still provide adequate
reactor protection.

There are several delays inherent to the operation of the
safety injection system, which must be accounted for in the
analysis, before the borated water from the Refueling Water
Storage Tank (RWST) reaches the core. Time delays for signa)
processing, pump startup, valve positioning, and emergency
diesel startup (if offsite power is lost) are considered in
the analysis. In addition, the low concentration boric acid
solution must be purged from the safety injection lines before
the borated water from the RWST reaches the core.

The safety injection into the RCS cold legs is modelled with
fill junctions where the injection flow rate is dependent upon
the cold leg pressure (see Figure 3.4-2). 1Included in the
system model is a calculation of the integrated safety
injection flow to determine the time to purge the unborated
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water from the safety injection system lines. This purge tinme
calculation reguires that a complete volume replacement of the
fluid in the safety injection lines occur before any boron is
injected into the reactor coolant systenm,

3.4.1.2 Nuclear Analysis

The core neutronic analysis provides the reactor physics input
(Doppler and moderator density reactivity defects, and boron
worth) for the system transient analysis, and the core axial
and radial power distributions for the DNB analysis. Further,
this analysis guantitative.y confirms the conservatism of the
net reactivity change predicted by the RETRAN-02 point
kinetics model for the transient.

The reactor response to the steamline break transient is
relatively slow, permitting SIMULATE~-] steady state
calculations at selected statepoints. The SIMULATE-)
calculation models the full core in three dimensions. All
calculations supporting the steamline break analysis assume
end of life (EOL) core conditions (when the moderator
temperature coefficient is the most negative). All control
rods are assumed to be fully inserted, with the exception that
the most reactive control rod is stuck in the fully withdrawn
position. In addition, the coldest core inlet temperature
assocjated with the af“ected reactor coolant loop is assumed
to occur in the sector with the stuck rod.

The Doppler and moderator density defects and boron worth,
provided for use in the systems transient analysis, have added
conservatism which accounts for the miniwmum uncertainty in
neutronics parameters as identified in Reference 18. The
Doppler defect is determined as a function of the core average
fuel temperature, and the moderator density defect is
calculated as a functicn of the core average moderator
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A thirty-one channel model, which consists of eighteen
subchannels and thirteen lumped channels, is used to represent
the reactor core as shown in Figure 3.4-5 and 3.4-6. The
eighteen subchannels include a hot standard channel (Channel
12), a hot thimble channel (Channel 7), and sixteen
subchannels bordering the hot ' hannels (Channels 1-6, 8-11 and
13-18). The standard channels contain four fuel rods, and the
thimble channels contain three fuel rods and a thimble guide
tube. The hot channels contain the peak power rod(s) in the
hot assembly. Two lumped channels (19 and 20) border the
sixteen subchannels and the remaining channels in the hot
assembly are lumped into one channel (Channel 21). The eight
assemblies surrounding the hot assembly are each individually
modeled with a single lumped channel (Channels 22 - 29). The
remaining assemblies in the core guadrant, and in the rest of
the core, are lumped into single channels (Channels 30 and 31,
respectively).

As described in Reference 2, a dummy rod model is used to
represent the fuel rods for steady state DNB analysis. The
rod surface heat flux is specified as an input parameter based
on the RETRAN-02 statepoint boundary conditions. A uniform
six=inch axial nodal length is specified along the fuel rods
for consistency with the SIMULATE-3 calculation of the axial
power distribution. SIMULATE-3 provides separate axial power
distributions for the hot fuel rod, hot assembly, and core
average, all of which can be directly used in the VIPRE-01
model. Each fuel rod is also assigned a radial pover factor
that determines the rod power relative to the average core
power. The SIMULATE-3 calculations provide the raaial power
distribution used in the VIPRF-01 analysis for each assembly
in the core in addition to the individual rod power
distribution within the hot assembly. Other than the
modifications described, the CPSES VIPRE-01 model remains
unchanged.
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loop. Further discussion on break sizes, types, and location
is included in Section 2.4.2.3.

3.4.2.2 Analysis Assumptions

The analysis is performed using initial conditions, reactivity
parameters, and system performance characteristics which are
conservative relative to the event acceptance criteria. These
assumptions are consistent with those used in the FSAR Chapter
15.1.4 ana 15.1.5 steamline break analyses. The reactor is
assumed to be initially at hot shutdown conditions since this
represents the most pessimistic initial condition. Should the
reactor be jus® critical or operating at-power at the time of
the steamline break, the reactor will be tripped by the RPS as
demonstrated earlier in Section 3.3. Following the trip from
at-power, the RCS contains more stored energy than at no-load
conditions, the coolant average temperature is higher than at
no-load, and there is appreciable energy stored in the fuel.
Thus, the additional stored energy must be removed via the
cooldown caused by the steamline break before the no-load
conditions of RCS temperature and shutdown margin are reached.
After the additional stored energy has been removed, the
cooldown and reactivity insertions proceed in the same manner
as in the analysis which assumes no-load nondition at time
zero.

As discussed in Section 2.3 the more restrictive acceptance
criterion of satisfying the 95/95 DNB design basis is applied
in evaluating the potential for core damage. The TUE~1
correlation (22, 23) is used to evaluate the DNBR for those
cases where the pressure remains greater than or equal to 1500
psia (the lower limit of the TUE-1 correlation), and the W-3
correlation [24, 25) is used for those cases where the
pressure is less than 1500 psia. Corsistent with the at-power
steamline break DNB analyses, the TUE-1 DNBR design limit of
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1.35 is selected for illustrative purposes. The W-)
correlation has been approved by the NRC [26) for analysis
with system pressures as low as 500 psia, with a 95/95 design
limit of 1.45. An independent confirmation of the 95/95
design limit was performed using the VIPRE-01 code and low
pressure test data (27)]. The results indicate that the
VIPRE-01 code adequately predicts the DNBR with a 95/95 design
limit of 1.45.

The following conditions are assumed for the steamline break

analysis:

1. The reactor is at hot shutdown conditions with no decay
heat. Any decay or residual heat would retard the
cooldown;

2. A minimum EOL shutdown margin at no-load conditions with

the most reactive control rod stuck in its fully
withdrawn position is assumed. The shutdown margin used
in the analysis is consistent with the plant Technical
Specifications;

3. The moderator density and Doppler defects correspond to
an EOL rodded core with the most reactive rod in the
fully withdrawn position;

4. The core properties associated with the affected and
unaffected sectors of the core are conservatively
combined to obtain average core properties for use in the
point kinetics model (50% of the reactivity feedback is
weighted to the affected quadrant of the ccre);

$. A conservatively small amount of interloop mixing is
assumed. The affected core inlet sector is assumed to
receive 80% of its flow from the faulted loop and 20%
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from the intact loops. The affected core outlet sector
flow to the faulted loop is assumed to remain 73% unmixed
and 27% mixed;

Minimum capability for injection of concentrated boric
acid solution corresponding to the most restrictive
single failure in the Safety Injection System is assumed,
Of the ECCS systems, only the Safety Injection System is
modeled. The safety injection flow corresponds to that
delivered by one centrifugal charging pump delivering
full flow to the RCS via the cold leg header;

No credit is taken for the low concentration borated
water, which must be swept from the lines downstream of
the RWST (complete volume replacement) prior to the
delivery of concentrated beric acid to the reactor
coolant loops;

After a Safety Injection signal is generated (including
instrumentation delays), the high head charging pump is
started and appropriate valves begin to operate.
Appropriate time delays are included to account for the
startup of the safety injection charging pump and the
sequential valve realignment to the RWST (i.e., the
borated water source is only assumed available after the
full repositioning of the valves). The delay of sweeping
the volume downstream of the RWST prior to the delivery
of the borated water is included in the model. For the
case without offsite power, an additional delay is
assumed to start the diesels and to load the necessary
safety injection equipment onto them;

Full power nominal feedwater flow is assumed from event
initiation until feedwater isolation occurs;



Maximum auxiliary feedwater

flow (all three AFW pumps)

assumed throughout the event with a conservative flow
split between the affected generator and the intact

stean generato




3.4.3 Results

3.4.3.1 Reference Case

A representative analysis (Reference Case) has been performed
using assumptions typical of those used in the FSAR analysis.
Table 3.4~2 provides a summary of the initial conditions used
for this analysis. The results of the Reference Case are
shown in Figures 3.4~10 and 3.4-11 and Table 3.4-3 provides
the sequence of events,.

The transient is initialized at critical zero power conditions
and is immediately brought to the subcritical condition prior
to initiating the event. This is accomplished by inserting
enough negative reactivity to bring the reactor subcritical by
an amount equivalent to the minimum Technical Specification
shutdown margin requirement (1600 pcm). At that time (0.1
seconds), the steamline break is initiated coincident with
full main and auxiliary feedwater flow. The rapid steam
generator depressurization causes the low steamline pressure
setpoint to be reached at 0.96 seconds, which generates the
steamline isolation and safety injection signals. The safety
injection signal starts the charging pump and also provides
feedwater line isoclation. Prior te closure of the steamline
end feedwater line isolation valves, all four steam generators
depressurize and blow down through the break. The
uncontrolled steam release rate also decreases as the steanm
generators depressurize., Following the steamline and
feedwater line isolation at 7.96 seconds, only one steam
generator continues to blow down.

The excessive steam release causes the heat extraction rate in
the steam generators to increase, resulting in a reduction in
the reactor coolant system temperature and pressure (see
Figures 3.4-10 and 3.4~11). The pressurizer level is also
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The results of the Reference Case are plotted on the sanme
figure as the results of the parametric studies to illustrate
the parameter's effect,.

Category 1i Reactivity Parameters

The total reactivity feedback is determined by the moderator
density and Doppler defects, and boron worth. Other
reactivity parameters which may affect the steamline break
transient include the shutdown margin, delayed neutron
fraction, and prompt neutron lifetime.

Moderator Density Defect. Figures 3.4-15 and 3.4-16 provide

the transient results assuming a + 10% variation in the
moderator density defect., The moderator density feedback is
one of the more important parameters which affect the
gteamline break event. As can be seen from the figures, a 10%
increase in the moderator density defect results in a higher
and faster return to power and conversely, a 10% decrease
resulte in a lower return to power when compared to the
Reference Case. The minimum DNBR decreases 1.0% for a 10%
increase in the moderator defect and, a 10% decrease in
moderator density defect results in a 10.2% increase in the
minimum DNBR,

Roppler Defect. The results of the # 10% variation in the
Doppler defect are shown in Figures 3.4-17 and 3.4~18. The
effect of the 10% increase in the Doppler defect is a slightly
higher initial peak in the total reactivity due to the
cooldown of the moderator and fuel. However as the power
increases, the increased Doppler defect results in a slightly
lower peak return to power and a 2.5% higher minimum DNER,

The 10% decrease in the Doppler defect has the opposite affect
of the 10% increase case. The minimum DNBR is 2.6% lower than
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upper plenur mixing assumption was that the flow from the
affected core sector entered the faulted loop 73% unmixed and
27% mixed, These are typical FSAR assumptions. Several cases
wvere examined where the inlet plenum mixing was varied from no
mixing to perfect mixing while hoiding the upper plenum mixing
constant at the Reference Case value. The results are shown
in Figures 3.4-24 through 3.4-26 for no mixing, 50% mixing,
and perfect 100% mixing, respectively. The results show that
for more inlet mixing than the Reference Case, there is very
little change in the peak return to power (although the rate
at which the power increases is slover for the cases with more
mixing). However for no mixing, the return to power is a
little faster with a peak power 1.5% higher than the Reference
Case. The minimum DNBR for these three cases and the
Reference Case are plotted versus the level of inlet mixing on
Figure 1.4-27. As can be seen from this figure, assuming less
inlet mixing than that in the Reference Case results in only a
small (3.0%) decrease in the minimum DNBR, and assuming
additional inlet mixing provides a relatively large (16% =~
18%) increase in the minimum DNBR.

Reactor Vessel Outlet Mixing. To study the effects of the

outlet mixing assumption, the inlel mixing was held constant
at the Reference Case value and the outlet mixing was varied
from no mixing to perfect wixing. The results are shown in
Figures 3.4-28 through 3.4-30 for no mixing, 50% mixing, and
perfect 100% mixing, respectively. For the case with no
outlet mixing, colder water flows to the affected loop
resulting in a faster steam generator depressurization, thus
causing a lower vessel inlet temperature for that loop.
However, with the warmer water flowing to the three intact
loops, the steam generator pressures increase to a higher
equilibrium pressure after the steamline isolation causing the
vessel inlet temperature to increase for those loops. The net
effect is an initially quicker rise in power compared to the
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Reference Case, but an eventual decrease in power as tho
intact steam generators pressurize and cause a higher overall
reactor vessel inlet temperature. A very small reduction
(1.9%) in the minimum DNBR is calculated for the case without
any vessel outlet mixing.

The case with more outlet mixing (50%) than the Reference Case
results in warmer water flowing to the faulted steam
generator. This causes the faulted steam generator to
depressurize a little slower than in the Reference Case and
thus results in a higher faulted loop vessel inlet
temperature. However, the three intact loops have cooler
water flowing to the steam generators causing them to reach a
lower equilibrium pressure condition following the steamline
isolation, This effect causes the vessel inlet temperature
for the three intact loops to be lower. The lower overall
reactor vessel inlet temperature and slightly higher peak
power (less than 1%) results in a l.igher calculated minimum
DNBR value (6.3% higher than in the Reference Case).

The perfect outlet mixing case has the same trenus as the 50%
mixing case only slightly more pronounced. The three intact
steam generators reach a lower equilibrium pressure, and the
faulted steam generator depressurizes slower than in the
Reference Case. The overall reactor vessel inlet temperacures
are thus lower, causing a higher (1.7%) peak return to power
than in the Reference Case. The calculated minimum DNBR is
12.4% higher than the Reference Case value.

The minimum DNBERs for the three mixing cases and the Reference
Case are plotted in Figure 3.4-31. As can be seen from this
figure, the minimum DNBR is fairly insensitive (1.9% change)
to a decrease in the amount of outlet mixing from the
Reference Case value, but an increase in the outlet mixing
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Three cases were examined without any main feedwater and with
various auxiliary feedwater configurations. The first cass
assumed the Reference Case auxiliary feedwater distribution,
and the results are shown on Figure 3.4~32. The return to
power is slightly slower than the Reference Case, but
eventually reacheg nearly the same peak power level and
minimum DNBR value. The second case assumed an eqgual
distribution of auxiliary feedwater and the results are shown
on Figure 3.4-33. Again, the return to power is slower than
the Reference Case and reaches nearly the same peak power
level with a slightly higher minimum DNBR value. This case
however, turns around a little sooner due to the degraded heat
transfer in the faulted steam generator as the level begins to
drop below the top of the tube bundle. A third case was
examined without any auxiliary feedwater, and the results are
shown on Figure 3.4-34, As expected, the rate and peak return
to power are less than the Reference Case and the minimum DNBR
is approximately 3.3% higher.

A case was examined with the Reference Case main feedwater
distribution and an equal auxiliary feedwater distribution to
all of the steam generators. The results for this case, shown
in Figure 3.4-35, indicate that the additional cooling in the
three intact steam generators provide a slightly higher return
to power (less than 0,5%)., Ho asver, the level in the faulted
steam generator falls below the top of the tube bundle due to
the lower auxiliary feedwater flow in that loop, thus causing
some degradation in the heat transfer. The minimum DNBR for
this case is not significantly different (1.1% higher) than
the Reference Case.

Another series of cases were examined with the Reference Case
distribution for the auxiliary feedwater and various main
feedwater configurations. All three case assumed that the
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Breax Flow Modeling. The Reference Case used the Moody curve
with fL/D = 0 for calculating the break flow during the event.
Another case was examined using an isoenthalpic expansion
model [28) to predict the break flow, and the results re
shown on Figure J.4-41. The iscenthalpic expansion model
predicted a slightly lower break flow rate which results in a
return to power rate which is a little less than the Reference
Case. However, the power level approaches the Reference Case
value (within 0.1%) when a quasi equilibrium condition is
reached prior to the turnaround. The minimum DNBR is
essentially the same as the Reference Case value.

Category 4: _Initial Conditions

Four different initia) conditions were investigated to
determine their relative importance and effect on the
steamline break. The initial pressurizer pressure and level,
steam generator mass, and reactor coolant system flow rate
were examined.

Initial Pressurizer Pressure. The Reference Case assumed an

initial pressurizer pressure of 2250 psia consistent with that
assumed ‘'r; “he FSAR analysis. Two other cases were analyzed
with init.al values of 2280 and 2208 psia, and the results are
shown on Figures 3.4-42 and 3.4-43, respectively. As can be
seen from the figures, a change in either direction on the
initial pressurizer pressure has a very little effect on the
pressurizer pressure transient early in the event, but the
equilibrium conditions (and calculated minimum DNBR) reached
during the event are nearly identical to the Reference Case.

Initial Pressurizer level. The Reference Case assumed an

initial pressurizer level of [“% of span consistent with the
nominal programmed level at h . t zero power conditions and with
the FSAR analysis. Initial values of 20% and 30% were
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the split break except that the maximum possible break area is
limited to the area of the steam safety valve., The second
type is the "non-uniform credible" break which is the blowdown
of a single steam generator through one of the mentioned
valves (the other loops are iscolated).

Pouble Ended Rupture. A spectrum of DERs has been considered

ranging from a 5.6 ft’ break area down to a 0.1 ft? area, and
the results are shown on Jigures 3.4-49 through 3.4-54 for
representative cases spanning the break area range. As
expected, the largest DER results in the maximum and fastest
return to power. The minimum DNBR for each case is plotted
versus the break area, and the results are shown on Figure
3.4~55,

Split Breaks. A spectrum of split break areas ranging from
1.4 f£t? down to 0.1 ft? has been considered, and the results
are shown on Figures 3.4-56 through 3.4~59 for selected cases.
The overall system response to split breaks is very similar to
the DER cases. The upper value on the split break area
considered is based on the maximum area through which a single
steam generator can blow down (limited by the integral flow
restrictors) following steamline isolation. Any split break
area larger than this would be very similar in nature to one
of the larger DER cases., For example, a 4.0 ft? split break
would be seen as a uniform depressurization of all the steam
generators with each one having an effectivi break area of 1.0
ft? prior to steamline isolation. Feollowing steamline
isolation, the steam flow from three of the steam generators
is terminated, and one steam generator continues to blow down
but does not share the break area. Therefore, the single
steam generator blows down through a 1.4 ft? area frlicwing
the steamline isolation. Any DER of 1.4 ft‘ or lsrger wou.d
bound the large split break since following the steamline
isovlation for either type of break, a single steam generator
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blow down is limited by the integral flow restrictor area (1.4
tt’). The minimum DNBRs for the split breaks are plotted
versus the break area and are shown on Figure 3.4~60, Similar
to the DER cases, the larger the break area, the lower the
minimum DNBR.

Qpering of a Steam Dump, Relief or Safety Valve. As discussed

earlier, the uniform credible steamline break is identical to
the split breaks, but limited to a maximum area corresponding
to that of a steam safoty valve. Therefore, those cases were
not repeated. The non-uniform credible steamline breaks were
analyzed for a spectrum of areas ranging from 0.08 ft? to 0.15
ft?, and the results for the case corresponding to a steam
generator safety valve areu are shown on Figure 3.4-61, The
peak return to power is approximately 6% and thus the minimum
DNBR is meaninglessly high.

category 6: RPS/ESFAS performance characteristics

The next category of parametric studies involves the
opesational characteristics of the RPS or ESFAS. Four cases
were analyzed to demonstrate the sensitivity to the systen
performance requirements. The Reference Case assumes that the
MSIV and feedwater isolation valves are fully closed within
7.0 seconds after reaching the actuating setpoint.

A case was analyzed with a 10.0 second steamline isolation
response time, and the results are shown on Figure 3.4-62., As
expected, the extended blowdown of the three unaffected stean
generators results in a faster RCS temperature decrecase and
thus a 1.8% higher return to pover. The minimum DNBR is not
significantly different from the Reference Case value due to
the lover overall reactor vessel inlet temperatures and less
temperature difference between the coolant loops (which
provides lower power peaking).
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diesel generators. Second, the loss of power tc the reactor
coolant pumps reduces the flow in the RCS.

A case vas analyzed with a loss of offsite power assumed to
occur coincident with the generation of the Safety Injection
signal. The timing of the loss of offsite power is
conservative since the diesel generators will start upon
receipt of a Safety Injection signal or on an undervoltage
condition on the emergency buses (indicative of a loss of
offsite power). The transient results for this case are shown
on Figure 3.4-66, As can be seen from the figure, the loss of
the forced circulation makes the transient less severe than
the case with forced circulation (Reference Case). This is
due to the decoupling of the RCS from the secondary system
since the lower RCS flow rate causes a decrease in the heat
transfer rate in the steam generator. The reduced cooldown
rate results in a slower approach to criticality and a lower
peak power. The calculated minimui DNBR for this case was
extremely high compared to the Reference Case.

3.4.4 Summary

The steamline break at hot shutdown event has been analyzed
using the analytical techniques described in Section 3.4.2 and
input assumptions typical of FSAR analyses. The results of
the analysis show that the DNBR acceptance criterion is met
for the limiting Reference Case.

The results of the parametric studies demonstrate that the
Reference Case analysis performed with the TU Electric
methodology represents a conservative analysis. The following
summarizes the results of the parametric studies:
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CHAPTER 4

CONCLUSION

The TU Electric methodology for the analysis of the core response
to steamline break events has been presented. A complete
description of the regulatory bases, computer codes and models,
and analytical techniques for the analysis of these events is
included in this report. Representative analyses have been
presented to demonstrate the application of the TU Electric
methods. Sensitivity studies were performed to identify key
analysis parameters, justify analysis assumptions and techniques,
and determine the limiting cases. It car be concluded that the
TU Electric methodology for steamline break analysis is

acceptable for licensing applications.
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Table 3.3-1
VIPRE~01 Model Summary

16 Channels, 20 Rods (12 Subchannels & Four Lumped Channels)
38 Axial Nodes
Reference Radial power Distribution

Reference Chopped Cosine Axial Power Distribution with
Peak/Avg = 1.55

Percent of Heat Generated in Fuel Rods = 97.4%
Turbulent Crossflow Mixing, ABETA = 0,038

No Turbulent Momentum Mixing, FTM = 0.0 (Enthalpy Mixing
Only)

Axial Friction Factor = 0.32%re®®
Crossflow Resistance Coefficient = 0.5
Channel Flow Area Dependent Local Loss Coefficients

20.55" Grid Spacing (Six (6) Mixing Vane Grids & Two (2)
Supporting Grids)

EPRI Two-Phase Flow Correlatiocons
Five Percent Flow Reduction in the Hot Assembly

F¥,y Modeled as a Multiplier on Heat Deposited to the Hot
Channels

Direct UPFLOW Solution Scheme

TUE~1 DNB Correlation



l'able 3.3~

Summary of Input Assumptions for At-Power
Steamline Breaks

RCS Thermal Design Flow

Rate, gpm 182, ¢
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Table 3.
Reactor Trip Setpoints and Time I

for At-Pover Steamline Brezks

Reactor Trip Function

Overpower N-16, fraction

Safety Injection Signal
Steamline Pressure, [

:




Table 3.3-4

Sequence of Events for Steamline Break at 102% Power
and 0.50 ft° Break Area per Loop

EVENT + . ZIME (SEC.)
Steamline Break Initiation 0.0
Low Steamline Pressure Setpoint Reached 2.4
S-signal
-~ Reactor Trip (Rod Motion) 4.4
Turbine Trip 4.7
Minimum DNBR Occurs 5.0



Table 3,3+-5

Sequence of Events for Steamline Break at
and 0.285 ft® Break Area pe:

EVEN]

Steamline
Overpowel
Reactcor
Turbine

Minimum DN




Table 3.3+6
Sequence of Events for Steamline Break at 102% Power
and 0.0625 ft* Break Area per Loop

EVENT

Steamline Break Initiation

Egquilibrium Condition Reached




Table 3.3-7

Sequence of Events for Steamline Break at 70% Power
and 0.50 ft? Break Area per Loop

il YN e SAME_(8SEC.)
Steamline Break Initiation 0.0

Low Steamline Pressure Setpoint Reached 2.4
S-gignal 4.4

- Reactor Trip (Rod Motion)

Turbine Trip 4.7
Minimum DNBR Occurs $.1



Table 3.3.8

Sequence of Events for Steamline Break at
and 0.285 ft’ Break Area per Loop

EVENT

Steamline Break Initiation
Overpower N-16 Setpoint Reached
Reactor Trip (Rod Motion)
Minimum DNBR Occurs

Turbine Trip

70% Power

TIME (SEC.)

32.0
34,0
34.0

34.3



rable 3.3+9
and 0.0625 ft° Break Area per LOOp
EVEN] LIME (SEC.

Steamline Break Initiation

' Sequence of Events for Steamline Break at 70% Power

»
-

-

(&8

Equilibrium Condition Rea



Table 3.3-10

Sequence of Events for Steamline Break at 30% Power
and 0.50 ft? Break Area per lLoop

EVENT TIME (SEC.)
Steamline Break Initiation 0.0
Low Steamline Pressure Setpoint Reached 2.9
S-signal
- Reactor Trip (Rod Motion) 4.9
Turbine Trip 5.2
Minimum DNBR Occurs 5.6




lable J3.3-11

Sequence of Events for Steamline Break at
and 0.285 ft° Break Area per Loc

EVENT

Steamline Break

Equilibriun




difications to VIPRE~O]

\

Steamline Breaks at Hot Shut

31 Channels, 20 ods (18 Subchanne.s

4 Axial Nodes

Murbulent

'urbulent




Summary of Initial Conditions for
Steamline Breaks at Hot Shutdown

Parameter

Core Reactivity, pcCm

RCS Thermal Design Flow Rate, gpnm

Pressurizer Pressure psia

Pressurizer Level, % spal

R Average Temperature I

Mailn Feedwater Flow 1 t Non
k

Auxiliary Feedwater Flow Rate 11

Steam Generator Pressure psia




Table 3.4-3

Sequence of Events for Reference Case
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APPENDIX

FSAR COMPARITON

In this appendix, the Reference Case HZP analysis described in
Section 3.4 is compared to the current CPSES-1 FSAR analysis,
The results of the comparison are illuetrated in Figures A-1
through A-8. As can be seen from the figures, the FSAR analysis
* .ua.ts agree very well with the Reference Case. This is
expected because the TU Electric methodology is very similar to
the FSAR analysis methods and there are no significant
differences in the input assumptions used for two analyses.

As shown in Figure A-1, the initial nuclear power increase
calculated by RETRAN was steeper than predicted by the FSAR
analysis. However, the peak power for the event was near.y the
same for both analyses. There are no other notable differences
between the two analyses.
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