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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;



A Condition Bhe ot se consequential loOss

function of ) ¢ pscape of radioactive

p! ogducCctLs ’

4. Any release

unrestricted ar

nix

+T 1 (
gaes ligl

pccurrence




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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>