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June 2, 1995
Document Control Desk
LS. Nuclear Regulatory Commussion
Washington, D.C. 20555

ATTENTION: MR. T. R. QUAY

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: PRELIMINARY MARKUPS OF AP600 SSAR CHAPTER 15 (ACCIDENT
ANALYSES)

Dear Mr. Quay:

The application for withholding is submitted by Westinghouse Electric Corporation ("Westinghouse™)
pursuant to the provisions of paragraph (b)(1) of Section 2.790 of the Commission’s regulations. It
contains commercial strategic information proprietary to Westinghouse and customarily held in
confidence.

The proprietary material for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10CFR Section 2.790, Affidavit AW-95-838
accompanies this application for withholding setting forth the basis on which the identified proprietary
information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to
Westinghouse be withheld from public disclosure in accordance with 10CFR Section 2.790 of the

Commission’s regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should
reference AW-95-838 and should be addressed to the undersigned.

Very truly yours,
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N. J. Liparulo, Manader
Nuclear Safety Regulatory And Licensing Activities
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COMMONWEALTH OF PENNSYLVANIA

ALLEGHENY

the undersigned authority, personally appeared Brian A. Mclntyre, who, being by
leposes and says that he 1s authonzed to execute this Affidavit on
Corporation ("Westinghouse") and that the averments of fact set forth

true and correct to the best of his knowledge, ormation, and behet
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Brian A. Mclntyre, Manager

Advanced Plant Safety and Licensing
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Notary Public
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I am Manager, Advanced Plant Safety and Licensing, in the Advanced Technology Business
Area, of the Westinghouse Electric Corporation and as such, 1 have been specifically delegated
the function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant hicensing and rulemaking proceedings, and
am authonzed to apply for its withholding on behalf of the Westinghouse Energy Systems

Business Unit.

I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for

withholding accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy
Systems Business Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission’s
regulations, the following 1s furnished for consideration by the Commission in determining

whether the information sought to be withheld from public disclosure should be withheld.

(1) The information sought to be withheld from public disclosure is owned and has been

held in confidence by Westinghouse.

() The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information
in confidence. The application of that system and the substance of that system

constitutes Westinghouse policy and provides the rational basis required.

Under that system, information 1s held in confidence if it falls in one or more of
several types, the release of which might result in the loss of an existing or potential

competitive advantage, as follows:
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(c) Use by our competitor would put Westinghouse at a competitive disadvantage

by reducing his expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular
competitive advantage 1s potentially as valuable as the total competitive
advantage. If competitors acquire components of proprietary information, any
one component may be the key to the entire puzzle, thereby depriving

Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method

to the best of our knowledge and belief.

Enclosed is Letter NTD-NRC-95-4480, June 2, 1995 being transmitted by
Westinghouse Electric Corporation (W) letter and Application for Withholding
Proprietary Information from Public Disclosure, N. J. Liparulo (W), to

Mr. T. R. Quay, Office of NRR. The proprietary information as submitted for use by
Westinghouse Electric Corporation is in response to questions concerning the AP600
plant and the associated design certification application and is expected to be
applicable in other licensee submittals in response to certain NRC requirements for

justification of licensing advanced nuclear power plant designs.
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This information is part of that which will enable Westinghouse to:

(a) Demonstrate the design and safety of the AP600 Passive Safety Systems.

(b) Establish applicable verification testing methods.

{c) Design Advanced Nuclear Power Plants that meet NRC requirements.

(d) Establish technical and licensing approaches for the AP600 that will ultimately

result in a certified design.

(e) Assist customers in obtaining NRC approval for future plants.

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for advanced plant licenses.

(b) Westinghouse can sell support and defense of the technology to its customers

in the licensing process.

Public disclosure of this proprietary information is likely to cause substantial harm to
the competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar advanced nuclear power designs and licensing defense
services for commercial power reactors without commensurate expenses. Also, public
disclosure of the information would enable others to use the information to meet NRC
requirements for hicensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of
apolying the results of many years of experience in an intensive Westinghouse effort

and the expenditure of a considerable sum of money.
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In order for competitors of Westinghouse to duplicate this information, similar
technical programs would have to be performed and a significant manpower effort,
having the requisite talent and experience, would have to be expended for developing
analytical methods and receiving NRC approval for those methods.

Further the deponent sayeth not.



15. Accident Analvses

CHAPTER 150

ACCIDENT ANALYSES

15.0.1.1

Classification of Plant Conditions

The ANSI 18-2 (Reference 1) classification divides plant conditions into four categories
according to anticipated frequency of occurrence and potential radiological consequences 1o
the public. The four categories are as follows:

Condition | Normal operation and operational transients
Condition II:  Faults of moderate frequency

Condition III:  Infrequent faults

Condition IV: Limiting faults

T'he basic principle applied in relating design requirements to each of the conditions is that
the most probable occurrences should yield the least radiological risk and those extreme
situations having the potential for the greatest risk should be those least likely to occur
Where applicable, reactor trip and engineered safeguards functioning are assumed to the extent
allowed py considerations such as the single failure criterion in fulfilling this principle. <Fhat
wmmmmmwmm
~Repti-areused-in-the -mittpation-of-the-consequences

events The evaluation models and parameters for the accident anu]_ws radmlugxcal
consequences are discussed in Appendix 15A

Condition I: Normal Operation and Operational Transients p O

Condition | occurrences are those that are expected to occur trequpﬁl!} or regularly in the
course of power operation, refueling, maintenance, or muncmcr;xut the plant. As such,
Condition I occurrences are accommodated with margin between plant parameter and the
value of that parameter that would require either automatic or manual protective action

Since Condition I events occur frequently, they must be considered from the point of view
of their effect on the consequences of fault conditions (Conditions I1, Ili, and IV). In this
regard, analysis of each fault condition described is generally based on a conservative set of
initial conditicns corresponding to adverse conditions that can occur during Condition |
operation

A typical list of Condition I events follows

Steady-State and Shutdown Operations

See Table 1.1-1 of Chapter 16
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15. Accident Analyses

Operation with Permissible Deviations

Various deviations that occur during continued operation as permitted by the plant technical
specifications are considered in conjunction with other operational modes. These deviations
include the following:

Operation with components or systems out of service [such as an inoperable rod cluster
control assembly (RCCA))

Leakage frou. fuel with limited clad defects
Excessive radioactivity in the reactor coolant:
Fission products
Corrosion products
Tritium
Operation with steam generator tube leaks

Testing

Operational Transients

Plant heatup and cooldown

Step load changes (up to £10 percent)

Ramp load changes (up to 5 percent/min)

Load rejection up to and including design full load rejection transient-

15.0.1.2  Condition II: Faults of Moderate Frequency

These faults, at worst, result in a reactor trip with the plant being capable of returning to
operation. By definition, these faults (or events) do not propagate to cause a more serious
fault (Condition ITI or IV events). In addition, Condition Il events are not expected to result
in fuel rod failures, reactor coolant system failures, or secondary system overpressurization,
The following faults are included in this category:

Feedwater system malfunctions that result in a decrease in feedwater temperature (See
Subsection 15.1.1)

Feedwater system malfunctions that result in an increase in feedwater flow (See
Subsection 15.1.2)

Excessive increase in secondary steam flow (See Subsection 15.1.3)
Inadvertent opening of a steam generator relief or saiety valve (See Subsection 15.1.4)

ook exchmg e
Inadvenent operation of the passive residual heat removal system< See Subsection 15.1.6)

Revision: {o \ssarrev 3\l 500fn R0O3-083195
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15 Acident Al .

*  Loss of external electrical load (See Subsection 15.2.2)
e  Turbine trip (See Subsection 15.2.3)
* Inadvertent closure of main steam isolation valves (See Subsection 15.2.4)

* Loss of condenser vacuum and other events resulting in turbine trip (See
Subsection 15.2.5)

* Loss of ac power to the station auxiliaries (See Subsection 15.2.6)
*  Loss of normal feedwater flow (See Subsection 15.2.7)
» Partial loss of forced reactor coolant flow (See Subsection 15.3.1)

*  Uncontrolled rod cluster control assembly bank withdrawal from a subcritical or low
power startup condition (See Subsection 15.4.1)

* Uncontrolled rod cluster control assembly bank withdrawal at power (See
Subsection 15.4.2)

*  Rod cluster control assembly misalignment (dropped full-length assembly, dropped full-
length assembly bank, or statically misaligned assembly) (See Subsection 15.4.3)

e« Startup of an inactive reactor coolant pump at an incorrect temperature (See
Subsection 15.4.4)

*  Chemical and volume control system malfunction that results in a decrease in the boron
concentration in the reactor coolant (See Subsection 15.4.6)

S50l
¢  Inadvertent operation of the n-nome cooling system during power operation (See
Subsection 15.5.1).

e Chemical and volume control system malfunction that increased reactor coolant inventory
(See Subsection 15.5.2)

* Inadvertent opening of a pressurizer safety valve (See Subsection 15.6.1)

¢ Break in instrument line or other lines from the reactor coolant pressure boundary that
penetrate containment (See Subsection 15.6.2)

15.0.1.3  Condition Iil: Infrequent Faults
Condition Il events are faults which may occur infrequently during the life of the plant.

They may result in the failure of only a small fraction of the fuel rods. The release of
radioactivity is not sufficient 1o interrupt or restrict public use of those areas beyond the

owsarevI300f RO3-053195  Revision: 3
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15.0.14

exclusion area boundary, in accordance with the guidelines of 10 CFR 100. By definition,
Condition III event alone does not generate a Condition IV event or result in a consequential
loss of function of the reactor coolant system or containment barriers. The following faults
are included in this category:

*  Steam system piping failure (minor) (See Subsection 15.1.5)
e  Complete loss of forced reactor coolant flow (See Subsection 15.3.2)

* Rod cluster control assembly misalignment (single rod cluster control assembly
withdrawal at full power) (See Subsection 15.4.3)

* Inadvertent loading and operation of a fuel assembly in an improper position (See
Subsection 154.7)

* Inadventent operation of automatic depressurization system (See Subsection 15.6.1)

*  Loss-of-coolant accidents (LOCAs) resulting from a spectrum of postulated piping breaks
within the reactor coolant pressure boundary (small break) (See Subsection 15.6.5)

e (as waste management system leak or failure (See Subsection 15.7.1)
* Liquid waste management system leak or failure (Subsection 15.7.2)

* Release of radioactivity to the environmen' due to a liquid tank failure (See
Subsection 15.7.3)

*  Spent fuel cask drop accidents (See Subsection 15 7.5)
Condition IV: Limiting Faults

Condition IV events are faults that are not expecied to take place but are postulated because
their consequences include the potential of the release of significant amounts of radioactive
material. They are the fauits that must be designed against and they represent limiting design
cases. Condition IV faults are not to cause a fission product release to the environment
resulting in doses in excess of the guideline values of 10 CFR 100. A single Condition IV
event is not Lo cause a consequential loss of required functions of systems needed to cope with
the fault, including those of the emergency core cooling system and the containment. The
following faults Gie classified in this category:

*  Steam system piping failure (major) (See Subsection 15.1.5)
*  Feedwater system pipe break (See Subsection 15.2.8)

*  Reactor coolant pump shaft seizure (locked rotor) (See Subsection 15.3.3)

Revision: 3 o \wareviuisoom R03-05%195
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15. Accident Analyses

Reactor coolant pump shaft break (See Subsection 15.3.4)
Spectrum of rod cluster control assembly ejection accidents (See Subsection 15.4.8)
Steam generator tube rupture (See Subsection 15.6.3)

Loss-of-coolant accidents resulting from a spectrum of postulated piping breaks within
the reactor coolant pressure boundary (large break) (See Subsection 15.6.5)

Design basis fuel handling accidents (See Subsection 15.7.4)
Optimization of Control Systems

A control system setpoint study is performed prior to plant operation to simulate performance
of the primary plant control systems and overall plant performance. In this study, emphasis
ts placed on the development of the overall plant control systems that automatically maintains
conditions in the plant within the allowed operating window and with optimum control system
response and scability over the entire range of anticipated plant operating conditions. The
control system setpoints are developed using the nominal protection sysiem setpoints which
are implemented in the plant. Where appropriate (such as in margin to reactor trip analyses),
instrumentation errors are considered and are applied in an 2dverse direction with respect to
maintaining system stability and transient performance. The accident analysis and control
system setpoint study in combination show that the plant can be operated and meet both safety
and operability requirements throughout the core life and for various ievels of power
operanon

I'he control system setpoint study is comprised of analyses of the following control systems
power control, axial offset control, rapid power reduction, steam dump (turbine bypass), steam
generator level, pressurizer pressure, and prassurizer level

Plant Characteristics and Initial Conditions Assumed in the Accident Analyses
Design Piant Conditions

5.0~

l'able #8-1 lists the principal power rating values assumed in the analyses performed. The
thermal power output includes the effective thermal power generated by the reactor coolant

pumps

The values of other pertinent plant parameters utilized in the accident analyses are given in
Table l‘h{_ .
503

Initial Conditions

For most accidents that are departure from nucleate boiling (DNB) limited, nominal values
of initial conditions are assumed. The allowances on power, temperature, and pressure are

. wos3i9s Revision: 3
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15.0.3.3

determined on & statistical basis and are included in the departure from nucleate boiling ratio
(DNBR) safety analysis limit values (See Subsection 4.4,1.1.2), as described in Reference 2.
This procedure is known as the Revised Thermal Design Procedure (RTDP), and is discussed
more fully in Section 4.4.

For accidents that are not departure from nucleate boiling limited, or for which the revised
thermal design procedure is not employed, the initial conditions are obtained by adding the
maximum steady-state errors to rated values. The following conservative steady-state errors
are assumed in the analysis:

Core power 22 pcrogl allowance for calorimetric error
u.

’
Average reactor coolant +44°F allowance for eontrolerdeadband-and—
system (RCS) temperature  controller deadband and measurement errors

Pressurizer pressure +50 psi allowance for steady-state fluctuations and
measurement errors

Initial values for core power, average reactor coolant system temperature, and pressurizer
pressure are selected to minimize the initial departure from nucleate boiling ratio unless
otherwise stated in the sections describing the specific accidents. Table 15.0-2 summarizes
the initial conditions and computer codes used in the accident analyses.

Power Distribution

The transient response of the reactor system is dependent on the initial power distribution.
The nuclear design of the reactor core minimizes adverse power distribution through the
placement of fuel assemblies and control rods. Power distribution may be characterized by
the nuclear enthalpy rise hot channel factor (FAy) and the total peaking factor (Fq). Unless
specifically noted otherwise, the peaking factors used in the accident analyses are those
presented in Chapter 4.

For transients that may be departure from nucleate boiling (DNB) limited, the radial peaking

Transients that may bhe departure from nucleate boiling limited are assumed to begin with an
FAH consistent with the initial power level defined in the technical specifications.

The axial power shape used in the departure from nucleatc boiling calculation is the 1.55
chopped cosine, as discussed in Subsection 4.4.4.3, for transients analyzed at full power and
the most limiting power shape calculated or allowed for accidents initiated at nonfull power
or asymmetric rod cluster control assembly (RCCA) conditions.

The radial and axial power distributions just described are input to the THINC code as
described in Subsection 4445,

Revision: 3 o warei 500 ROZ053195
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15. Accident Analyses .
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For transients which may be overpower limited, the total peaking factor (Fy) is important.
Transients that may be overpower limited are assumed to begin with plant conditions
including power distributions, which are consistent with reactor operation as defined in the
technical specifications.

For overpower transients that are slow with respect to the fuel rod thermal time constant (for
example, the chemical and volume control system malfunction that results in a slow decrease
in the boron concentration in the reactor coolant system as well as an excessive increase in
secondary steam flow) and that may reach equilibrium without causing a reactor trip, the fuel
rod thermal evaluations are performed as discussed in Subsection 4.4.4.

For overpower transients that are fast with respect to the fuel rod thermal time constant (for
example, the uncontrolled rod cluster control assembly bank withdrawal from subcritical or
lower power startup and rod cluster control assembly ejection incident, both of which result
in a large power rise over a few seconds), a detailed fuel transient heat transfer calculation
is performed.

Reactivity Coefficients Assumed in the Accident Analysis
The transient response of the reactor system is dependent on reactivity feedback effects, in

particular the moderator tempercture coefficient and the Doppler power coefficient. These
reactivity coefficients are discussed in Subsection 4.3.2.3. 4-1

\$.0~
In the analysis of certain events, conservatism yes the use of large reactivity coefficient
values. The values used are given in Figure ¥4+ which shows the upper and lower bound

Doppler power coefficients as a function of power, used in the transient analysis. The
Justification for use of conservatively large versus small reactivity coefficient values is treated
on an event-by-event basis. In some cases conservative combinations of parameters are used
to bound the effects of core life, although these combinations may not represent possible
realistic situations.

Rod Cluster Controi Assembly Insertion Characteristics

The negative reactivity insertion following a reactor trip is a function of the acceleration of
the rod cluster control assemblies (RCCAs) as a function of time and the variation in rod
worth as a function of rod position. For accident analyses, the critical parameter is the time
of insertion up to the dashpot entry, or approximately 85 percent of the rod cluster travel. In
analyses where all of the reactor coolant pumps are coasting down prior to or simultaneous
with RCCA insertion, a time of 1.8 seconds is used for insertion time to dashpot entry.
15,0.%- |

In Figure : th?curvc labeled "complete loss of flow transients” shows the RCCA
position versus time normalized to 1.8 seconds assumed in accident analyses where all reactor
coolant pumps are coasting down. In analyses where some or all of the reactor coolant pumps
are running, the RCCA insertion time to dashpot is conservatively taken as 2.4 seconds. The

RCCA position versus time normalized to 2.4 seconds is also shown in Figure 1-5—37 % |

1%.0
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The use of such a long insertion time provides conservative results for accideats and is
intended to apply to ail types of rod cluster control assemblies which may be used throughout
plant life. Drop time testing requirements are specified in the technical specifications.
19.0.S" &
Figure Mshows the fraction of total negative reactivity insertion versus normalized rod
position for a core where the axial distribution is skewed to the lower region of the core. An
axial distribution which is skewed to the lower region of the core can arise from an
unbalanced xenon distribution. This curve is used to compute the negative reactivity insertion
versus time following a reactor trip, which is input to the point kinetics core models used in
transient analyses. The bottom skewed power distribution itself is not an input into the point
kinetics core model.
15,05 &

There is inherent conservatism in the use of Figure Mn that it is based on a skewed flux
distribution, which would exist relatively infrequently. For cases other than those associated
with unbalanced xenon distributions, significantly more negative reactivity is inserted than that

shown in the curve, due to the more favorable axial distribution existing prior 10 trip. ls 0S -

19.0.5-3
The normalized ?6 cluster control assembly negative reactivity insertion versus time is shbwn
in Figure #-5-%. The curves shown in this figure were obtained from Figures and

21552 A total negative reactivity insertion following a trip of four percent Ak is assumed

in the transient analyses except where specifically noted otherwise. This assumption is conser-
vative with respect to the calculated trip reactivity worth available as shown in Table 4.3-3.

19.0.9-3
The normalized rod cluster control assembly negative reactivity i 10N versus time curve
for an axial power distribution skewed to the bottom (Figure ¥5%+3) is used in those transient

analyses for which a point kinetics core model is used. Where special analyses require use
of three-dimensional or axial one-dimensional core models, the negative reactivity insertion
resulting from the reactor trip is calculated directly by the reactor kinetics code and is not
separable from the other reactivity feedback effects. In this case, the rod cluster control
assembly position versus time of Figure ¥557%is used as c,zode input.

190.%-
Trip Points and Time Delays to Trip Assumed in Accident Analyses

A reactor trip signal acts 1o open two trip breaker sets connected in series, feeding power to
the control rod drive mechanisms. The loss of power to the mechanism coils causes the
mechanisms to release the rod cluster control assemblies, which then fall by gravity into the
core. There are vanous instrumentation delays associated with each trip function including
delays in signal actuation, in opening the trip breakers, and in the release of the rods by the
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 free and begin to fall. Limiting trip setpoints
assumed in accident analyses and the time delay assumed for each trip function are given in

Table . Reference is made in that table to overtemperature and overpower AT trip shown
in Fi
lMML-\S 0.3
%01
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The difference between the limiting trip point assumed for the analysis and the nominal trip
point represents an allowance for instrumentation channei error and setpoint error. Nominal

trip setpoints are specified in the plant technical specifications. During plant startup testsyis -

demonstrated that actual instrument time delays are equal to or less than the assumed values.
Additionally, protection system channels are calibrated and instrument response times are
determined periodically in accordance with the plant technical specifications.

lLastrumentation Drift and Calorimetric Errors, Power Range Neutron Flux

The ins rumentation uncertainties and calorimetric uncertainties used in establishing the power
range hi,'h neutron flux setpoint are presented in Table M5~ S
Li3.0

The calonimetric uncertainty is the uncertainty assumed in the determination of core thermal
power as cbtained from secondary plant measurements. The total ion chamber current (sum
of the top and bottom sections) is calibrated (set equal) to this measured power on a daily
basis.

The secondary power is obtained from measurement of feedwater flow, feedwater inlet
temperature to the steam generators, and steam pressure. Installed plant instrumentation is
used for these measurements.

Plant Systems and Components Available for Mitigation of Accident Effects

The plant is designed to afford proper protection against the possible effects of natural
phenomena, postulated environmental conditions, and dynamic effects of the postulated
accidents. In addition, the design incorporates features that minimize the probability and
effects of fires and explosions.

Chapter 17 discusses the guality assurance program that is implemented to provide confidence
that the plant systems satisfactorily perform their assigned safety functions. The incorporation
of these features in the plant, coupled with the reliability of the design, provide confidence
that the normally operating systems and components listed in Table u-g are available for
mitigation of the events discussed in Chapter 15, 15S0°

In determining which cystems are necessary to mitigate the #£fects of these postulated events,
the classification system o1 ANSI N18.2-1973 (Reference 1) is utiiized. The design of safety
related systems (including pr otection systems) is consistent with [EEE Standard 379-19%8 and
Regulatory Guide 1.53 in the application of the single-failure criterion. Conformance to
Regulatory Guide 1.53 is summarized in Section 1.9.1.

In the analysis of the Chapter 15 events, control system action is considered only if that action
results in more severe accident results. No credit is taken for control system operation if that
operation mitigates the results of an accident. For some accidents, the analysis is performed
both with and without control system operation to determine the worst case.

o wsamevi\I500m R03.053195  Revision: 3
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“Qs.os Fission Product Inventories

The sources of radioactivity for release are dependent on the specific accident. Activity may
be released from the primary coolant, from the secondary coolant, and from the reactor core
if the accident involves fuel damage. The radiological consequences analyses utilize the
conservative design basis source terms identified in Appendix 15A.

\\Q<15vo.m Residual Decay Heat
15.0.10.1  Total Residual Heat

Residual heat in a subcritical core is calculated for the loss-of-coolant accident (LOCA)
according to the requirements of 10 CFR 50.46, as described in References 3 and 4. The
small break LOCA events utilize 10 CFR 50 Appendix K which assumes infinite irradiation
time before the core goes subcritical to determine fission product decay energy. For all other
accidents, the same models are used, except that fission product decay energy is based on core
average exposure at the end of an equilibrium cycle.

15.0.10.2 Distribution of Decay Heat Following Loss-of-Coolant Accident

During a LOCA, the core is rapidly shutdown by void formation, rod cluster control assembly
insertion, or both; and, a large fraction of the heat generation considered comes from fission
product decay gamma rays. This heat is not distributed in the same manner as steady-state
fission power. Local peaking effects, which are important for the neutron-dependent part of
the heat generation, do not apply to the gamma ray contribution. The steady-state factor-ef
93-4-percent- which represents the fraction of heat generated within the clad and pellet, drops
to 95 percent or less for the hot rod in a LOCA.

For example. consider the transient resulting from the postulated double-ended break of the
largest reactor coolant system pipe; one half second after the rupture about 30 percent of the
heat generated in the fuel rods is from gamma ray absorption. The gamma power shape is
less peaked than the steady-state fission power shape, reducing the energy deposited in the hot
rod at the expense of adjacent colder rods. A conservative estimate of this effect on the hot
rod is a reduction of 10 percent of the gamma ray contribution or three percent of the total
heat. Since the water density is considerably reduced at this time, an average of 98 percent
of the available heat is deposited in the fuel rods; the remaining two percent is absorbed by
water, thimbles, sleeves, and grids. Combining the three percent total heat reduction from
gamma redistribution with this two percent absorption produce as the net effect a factor of
(.95, which exceeds the actual heat production in the hot rod. The actual hot rod heat
generation is computed during the AP600 large break LOCA transient as a function of core
fluid conditions.
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15.0.11.1

15.0.11.2

Computer Codes Vtilized

Summaries of some of the principal computer codes used in transient analyses are given
below. Other codes--in particular, very specialized codes in which the modeling has been
developed to simulate one given accident, such as those used in the analysis of the reactor
coolant system pipe rupture (See Section 15.0.6) are summarized in their respective accident
analyses sections. The codes used in the analyses of each transient are listed in Table 15.0-2.

FACTRAN Computer Code

FACTRAN (Reference 5) calculates the transient temperature distribution in a cross section
of a metal clad U0y fuel rod and the transient heat flux at the surface of the clad using as
input the nuclear power and the time-dependent coolant parameters (pressure, flow, temper-
ature, and density). The code uses a fuel model which simultaneously exhibits the following
features:

* A sufficiently large number of radial space increments to handle fast transients such as
rod ejection accidents.

*  Material properties which are functions of temperature and a sophisticated fuel-to-clad
gap heat transfer calculation.

*»  The necessary calculations to handle post-departure from nucleate boiling transients:
film boiling heat transfer correlations, zircaloy-water reaction, and partial melting of the
materials.

FACTRAN is further discussed in Reference 5.
LOFTRAN Computer Code

The LOFTRAN (Reference 6) program is used for studies of transient response of a
pressurized water reactor system to specified perturbations in process parameters. LOFTRAN
simulates a multiloop system by a model containing reactor vessel, hot and cold leg piping,
steam generator (tube and shell sides), and pressurizer. The pressurizer heaters, spray, and
safety valves are also considered in the program. Point model neutron kinetics, and reactivity
effects of the moderator, fuel, boron, and rods are included. The secondary side of the steam

generator utilizes a homogeneous, saturated mixture for the thermal rtuw“p

level correlation for indication and control. The-reactor protection(system is simulated o
include reactor trips on high neutron flux, oveniemperature AT, high and low pressure, low
flow, and high pressurizer level. Control systems are also simulated including rod control,
steam dump, feedwater control, and pressurizer level and pressure control. The emergency
core cooling system, including the accumulators, is also modeled.

LOFTFPAN is a versatile program which is suited to both accident evaluation and control
studies as well as parameter sizing.

o'ssamevi\ 00 RO2.053195  Revision: 3
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l 15, Accden Ansiyws

LOFTRAN also has the capability of calculating the transient value of departure from nucleate
boiling ratio (DNBR) based on the input from the core limits illustrated in Figure 15.0.3-1,
The core limits represent the minimum value of departure from the nucieate boiling ratio as
calculated for typical or thimble cell.

aArO/T m&
_ "o
LOFTRAN is further discussed in Reference 6. s
ok oxn o and
The LO code is modified to allow the simulation of the passivﬁsidual heat removal

(PRHR) sy iem, core makeup tanks (CMT) and associated protectionlsysiem actuation logic. ‘u\u\u'
A discussion of these models and additional validation is presented in Appendix 1596/%‘\(2

LOFTTR2 (Reference R) is a medified version of LOFTRAN with a more realistic break flow
model, a two-region SG secondary side, and an improved capability to simulate operator
actions during a steam generator tube rupture (SGTR) event. LOFTTR2 is further discusscd
in Reference B,

The LOFTTR2 code is modified to aliow the simulation of the passive residual heat removal
‘«::;J& tPRMRS-system, core makeup tanks (CMT) and associated protection system actuation logic.
The modifications are identical to those made to the LOFTRAN code. A discussion of these

models is presented in Appendix lSB(’ p"mu o
150.11.3 TWINKLE Computer Code

The TWINKLE (Reference 7) program is a multidimensional spatial neutron kinetics code,
which is patterned after steady-state codes presently used for reactor core design. The code
uses an implicit finite-difference method to solve the two-group transient neutron diffusion
equations in one, two, and thiee dimensions. The code uses six delayed neutron groups and
contains a detailed multiregion ‘uel-clad-coolant heat transfer modei for calculating pointwise
Doppler and moderator feedback effects. The code handies up to 2000 spatial points and
performs its own steady-state initialization. Aside from basic cross-section data and thermal-
hydraulic parameters, the code accepts as input basic driving functions such as inlet
temperature, pressure, flow, boron concentration, control rod motion, and others. Various
edits are provided (for example, channelwise power. axial offset, enthalpy, volumetric surge,
point-wise power, and fuel temperatures).

The TWINKLE code is used to predict the kinetic behavior of a reactor for transients that

%’g&mﬂg perturbation in the spatial neutron flux distribution.
INKLE is further described in Reference 7.

15.0.11.4 THINC Computer Code

The THINC code is described in thzcdon 4445

150, 11.S WeSTAR gapor Lompures (odn
The WESTRE. cods. is desefibed in Subtecie) Wb,
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15.0.12.]

15.0.12.2

Component Failures
Active Failures

SECY-77-439 (Reference 9) provides a description cf active failures. An active failure results
in the inability of a component to perform its intended function

An active failure is defined differently for different components. For valves, an active failure
is the failure of a component to mechanically compiete the movement reguired to perform its
funcoon. This includes the failure of a remotely-operated valve to change position on
demand. The spurious, unintended movement of the valve 18 also considered as an active
failure., Failure of 2 manual valve to change position under local operator action is included

Spring-loaded safety or relief valves that are designed for and operate under single-phase fluid
conditions are not considered for active failures to close when pressure is reduced below the
valve set point. However, when valves designed for single-phase flow are challenged with
two-phase flow, such as a steam generator or pressurizer safety valve, the failure to res ‘at is
considered as an active failure

For other active equipment such as pumps, fans, and rotating mechanical ccmponents, an
active failure is the failure of the component to start or to remain operating

For electrical equipment, the loss of power, such as the loss of offsite power or the loss of
a diesel-generator, is considered as a single failure. In addition, the failure to generate an
actuation signal, either for a single component actuation or for a system-ievel actuation, is also
considered as an active failure

Spurious actuation of an active component is considered as an active failure for active
components in safety-related passive systems. An exception is made for active component
if specific design features or operating restrictions are provided that can preciude such failures
(such as power lockout, confirmatory open signals, or continuous position alarms)

A single incorrect or omitted operator action in response to an initiating event is also
considered as an active failure. The ewor is limited to manipulation of safety-related
equipment and does not include throught-process errors or similar errors that could potentially
lead to common cause or muluple errors

Passive Failures

SECY-77-439 also provides a description of passive failures. A passive failure is the
structural failure of a static component which limits the component’s effectiveness in carrying
wit its design function. A passive failure is applied to fluid systems and consists of a breach
in the fluid system boundary. Examples include cracking of pipes, sprung flanges, or valve
packing leaks

Revision: 3
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- 15, Accident Ansiyes

Passive failures are not assumed to occur until 24 hours after the start of the event.
Consequential effects of a pipe leak such as flooding, jet impingement, and failure of a valve
with a packing leak must be considered.

Where piping is significantly overdesigned or installed in a system where the pressure and
temperature conditions are relatively low, passive leakage is not considered a credible failure
mechanism. Line blockage is also not considered as a passive failure mechanism.

15.0.12.3 Limiting Single Failures

The most limiting single active failure (where one exists), as described in Section 3.1, of
safety-related equipment, s identified in each analysis description. The consequences of this
failure are described therein. In some instances, because of redundancy in protection equip-
ment, no single failure which could adversely affect the consequences of the transient is
identified The failure assumed in each analysis is listed in Table H*?
i 7 Is (&) .‘1
\\t <1 50.13  Operator Actions

For events where thefPRHR is actuaxed the plant automatically cools down to the safe
shutdown conditions. Where a stabilized condition is reached automatically following a
reactor trip, it is expected that the operator mayfollowing event recognitio ¢ manual
control and proceed with orderly shutdown of the reactor in accordance with the normal,
abnormal or emergency operating procedures. The exact actions taken and the time at which
these actions occur depend on what systems are available and the plans for further plant
operation.

However. for these events, operator actions are not required to maintain the plant in a safe and
stable condition. Operator actions typical of normal operation are credited for the inadvertent
actuations of equipment in response to a Condition Il event.
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. 15. Accident Analyses

Table 15.0-i

NUCLEAR STEAM SUPPLY SYSTEM POWER RATINGS

Thermal power output (MW1) 1940
Effective thermal power generated by the reactor coolant pumps (MW1) 7
Core thermal power (MW1) 1933
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SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Faunlts

Increase in heat removal
from the prumary system

Feedwater system mal-
functions that result in an
mcres e in feedwater
flow

Excessive increase in
secondary steam flow

Inadvertent sperwng of a
steam generator rehief or
safety vaive

Steam system piping
farlure

Inadvertant operation of
the PRHR

Table 15.0-2 (Sheet 1 of 4)

LOFTRAN

LOFTRAN

LOFTRAN

LOFTRAN,

THINC

LOFTRAN

Reactivity Coefficients Assumed

0.374

0.0 and
0374

Function of
maoderator
density (see
figure i5.14-1;

Function of
maoxderator
density (see
figure 15.1.4-1)

8374 See

2absecron
1S L2y

Upper curve of
Figure 15.04-1

Upper & lower
curves of Figure
15041

See Lubsection
i5.1.4

See Siheection
1515

Upper curve
of Figure
1504-1

Power Qutpui

(MW

0 and 1940

1940

O (subcritical)

(! {(subcritical)

1940
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SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Faults

Decrease m heat removal
by the secondary system

Loss of exterpal electrnical
load and/or turbmine trip

Loss of nonemergency ac
power to the station
auxihanes

Loss of normal feedwater
flow

Feedwater system pipe
break

Decrease m reactor
coolant system fiow rate

Partial and complete loss
of forced reactor coolant
flow

Reactor coolant pump
shaft seizure (locked
rotor §

Table 15.0-2 {Sheet 2 of 4)

Reactivity Coefficients Assumed
Computer Moderator Moderator
Codes Density Tempersture
Utitized (Ak/gm/em) (pem/F) Doppler
PLOFTRAN 00 [ower and
and upper curves of
0.374 Figure 1504}
LOFTRAN 0n Lower curve of
Figure 1504}
LOFTRAN [1X3) Lower curve of
Figure 1504-1
LOFTRAN 0374 Lower curve of
Figure 15041
LOFTRAN, 0.0 Lower curve of
FACTRAN, Figure 15.04-1
FHNCWESTAR.
LOFTRAN, 00 Lower curve of
FACTRAN Figure 15.04-]

Initial Thermsl

Power Output
Assumed
(MWL)

1978 82

1978 88

1978 82

1940

1978 R4
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Table 15.0-2 (Sheet 3 of 4)

SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Faults

omtronled R

withdrawal from

riica

A bank

A misalignment

tartup i an imachve
eactor coolant puamp at
mcorrect temperature
hemcal and
tem maifuncnon
that results v a decrease
in the boron concentration

in the reactor coolant

Inadvertent loading and
wperation of a fuel
assembly 0 an improper

position
'

Reactivity Coefficients Assumed

Computer Mogerator Moderator
Codes Density Temperature
Utilized { ‘,lr/’um‘cmi- (pemy/"F)

TWINKL 0. efficient
FACTRAN
THINC

1S
consistent with a
?).:p:\'u\v defect of

O6T%Ak

S e

Secuon 4.3
[ OFTR AN Upper curve
FACTRAN Figu= 1504

g4
THIN(

NA

See

Secthon

Initiai Thermal

Power Output

Assumed
(MWt

and 1940
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Table 15.0-2 (Sheet 4 of 4)

SUMMARY OF INITIA.. CONDITIONS AND COMPUTER CODES USED

Keactivity Coefficients Assumed

Initial Thermal
Computer Moderator Moderstor Power Output
Codes Density Temperature Assumed
Faulte Utilized Akgm/em’)  (pem/F) Doppler (MW)

Spectrum of RCCA ejec- 4 Refer to Sub Refer to Coefficient 0 and 1978.82
tion accidents section 1548 subsection consistent with
i1548 a Doppler defect
of -067% AK at
BOC and -0.63%
AK at FOC

$661 ‘1§ Isniny
oIy

S6IES0R0N TOOS NEAauem o i

Increase 1n reactor coolant
mventory

inadvertent operation of ( Upper & lower
the emergency core cooling cur.v, of Figare

system during power 15041
operation

Decrease m reactor
coolant mventory

Inadvertent opening of a LOFTRAN - Lower curve of
pressunzes safety valve Figure 1504-]
and inadvertent operation

of ADS

Steam generator tube LOFTTR2 : - Lower curve of 1978 8@
farlure Figure 1504-]

LOCAs resulting from NOTRULIP - See Subsection 19717
the spectrum of post- WCOBRA/ 1565

ulated piping breaks TRAC references

within the reactor

coolant pressure

boundary

A 102% of rated thermal power
BOC - Beginning of Core Life
EOC - End of Core Life




15. Accident Analyses

Tabie 15.0-3

NOMINAL VALUES OF PERTINENT PLANT PARAMETERS

Thermal Output of NSSS (MWo)
Core Inlet Temperature (°F)
Vessel Average Temperature (°F)

Reactor Coolant System Pressure
(psia)

Reactor Coolant Flow Per Loop
(GPM)

Steamn Flow From NSSS (Ibm/hr)

Steam Pressure at Steam Genera-
tor Outlet (psia)

Maxunum Steam Moisture Con-
tent (%)

Assumed Feedwater Temperature
at Steam Generator Inlet (°F)

Average Core Heat Flux
(BTU/-hr-ft2)

UTILIZED IN ACCIDENT ANALYSES

RTDP YWith 10% Without RTDP (a)
Steam Generator
Generator Tube Generator Tube
Plugging Pluggirg
1940.0 1940.0 1940.0
53008-SBD.U0  s86 D3B).Q 364 H328
s652 Db . Lo e DS 9 s Sl
2250.0 2250.0 2250.0
A4t
9 deletr% E+04 9.71 E+04 D56 F+04
tu3 -3 .43
£44 E+06 e E 406 Rl E 406
M6 1940 796 5010 #396-"194.0
e2s0.\ 0 4260.10D e2s- 0\ O
435.0 4350 4350
143 E+05 1.43 405 143 E+05

a.  Steady-state errors discussed in Subsection 15.0.3 are added to these values to obtain initial conditions for

transient analyses.
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15, Accident Analyses

Table 15.0-4

TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN ACCIDENT ANALYSES

Limiting Trip Point Time Delays

Trip Function Assumed in Analysis (s)
Power range high neutron flux, high 118% 0.5
seung
Power range high neutron flux, low 354 0.5
setng
High neutron flux, P-§ 84% 0.5
Source range neutron flux NA 0.5
Overtemperature AT Variable (see Figure 15.0.3-1) 20
Overpower AT Variable (see Figure 15.0.3-1) 20
High pressurizer pressure 2460 psia 20
Low pressurizer pressure WW — .
Low reactor coolant flow (from loop 87% loop flow 1.45
flow detectors)
Reactor coolant pump under speed 90% nominal 0.767
Low steam generator level 0.0% of narrow range level span 2.0
High-2 steam generator level reactor 100% of narrow range level span 2.0

np

@) \ 300 paic (\oerc WA)
ro3oEsia (Wppu prand)
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Table 15.0-5 (Sheet 1 of 2)
DETERMINATION OF MAXIMUM POWEK RANGE
NEUTRON FLUX CHANNEL TRIP SETPOINT, BASED ON NOMINAL SETPOINT AND
INHERENT INSTRUMENTATION UNCERTAINTIES

Nominal setpoint (% of rated power)

Calorimetric errors in the measurement of
secondary system thermal power:

Effect on
Accuracy of Thermal Power
M easurement Determination
Variable of Variable (% of Rated Power)

Feedwa, °r temperature +3.%1

Steam prossure (small correction +6 psi
on enthalp )

Feedwater flow 2(0.5% Deita-P
mstrument span
(two channels per
steam generator)

Assumed calornmetnc error

Radial power distributon effects on
iotal 1on chamber current

Allowed mismaich between power range
neutron flux channel and calonmetri

measurcment

esarrev 3\1 S00f s mavision: 3
& 3 1 . l &
@ Westinghouse A August 31, 1994
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15. Accident Analyses

Table 15.0-5 (Sheet 2 of 2)

DETERMINATION OF MAXIMUM POWER RANGE
NEUTRON FLUX CHANNEL TRIP SETPOINT, BASED ON NOMINAL SETPOINT AND
INHERENT INSTRUMENTATION UNCERTAINTIES

Calorimetric errors in the measurement of
secondary system thermal power:

Effect on
Accuracy of Thermal Power
Measurement Determination
Variable of Variable (% _of rated power)
Instrumentation channel dnft %d 04% of insgument  0.84(d)*
setpoint reproducibility span (120% power
Span)
Instrumentation channel 0.48(e)*
temperature effects
*Total assumed error in setpoint } 84
(% of rated power): [(&)3 + 2+ ©2 + (2 + (e)y2)1/2
Maximum power range neutron flux trip setpomt 11%

assuming a statustical combmation of individual
uncertamties (% of rated power)
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Table 15.0-6 (Sheet 1 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT
AND ACCIDENT CONDITIONS

Incident

Reactor
Trip
Functions

ESF
Actuation
Functions

ESF &
Other Equipment

Section 4504 1S, |

Increase in heat remon al
from the prunary system

Feedwater system mal
functions that result in an
increase in feedwater flow

Excesstve increase in
secondary steam flow

Inadventent opening of a
steam generator safety
valve

Steam system piping
fallure

Inadvenent operavon of
the PRHR

Power range high flux,
overtemperature AT
overpower AT, manual

Power range high fiux
overtemperature AT
overpower AT, manual

Low pressurizer pressure,

manual "S’

"S", low pressurizer pres
sure. manual

Overpower AT, power
range high neutron flux
low pressurizer pressure
"S", manual

High-2 steam generator
ievel produced feed
water isolaton and tur
bine tnip

Low pressurizer pres-
" 5 | >

sure, low T4, Low-2

pressurizer level

Low pressurizer pres-
sure, low compensated
steam line pressure,
High-1 contammeni
pressure, low T
manual

cold

Low pressurizer pres

sure, low Togig, Low-2

pressurizer level

Feedwater 1solation
valves

CMT, feedwater isola-
ton valves, steam line
stop valves

CMT, feedwater isola
won valves, main
steam line 1solation
valves (MSIVs), accu
mulators

CM1

wsarreyv W SOOR R
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Table 15.0-6 (Sheet 2 of 5)

PLANT SYSTEMS AND ECUIPMENT AVAILABLE FOR TRANSIENT

AND ACCIDENT CONDITIONS
Reactor ES¥F
Trip Actuation ESF &
Incident Functions Functions Other Equipment
Section 563 1S. <
Decrease in heat removal
by the secondary system
Loss of external High pressurizer pressure - Pressurizer safety
Jload/mrbine trip overtemperature AT, valves, steam generator
overpower AT, manual safety valves
Loss of non-emergency ac  Steam generator low- Steam generator low PRHR, steam genera-
power to the station auxil-  narrow range level, high narrow range level co- tor safety valves,
anes pressurizer pressure, high incident with low start-  pressurizer safety
pressurizer level, manual up water flow, steam valves

Loss of normal feedwater
flow

Feedwater system pipe
break

Steam generator low-
narrow range level, high
pressurizer pressure, high
pressurizer level, manual

Steam generator low nar-
row range level, high
pressunzer pressure,
manual

generator low wide
range level

Steam generator low
narrow range level co-
incident with low start-
up water flow, steam
generator low wide
range level

Steam generator low
wide range level, low
steam line pressure,
High-1 containment
pressure

PRHR, Steam genera-
tor safety valves,
pressurizer safety
valves

PRHR, CMT, MSIVs,
feedline 1solation,
pressurizer safety
valves, steam generator
safety valves
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Table 15.0-6 (Sheet 3 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT

AND ACCIDENT CONDITIONS
Reactor ESF
Trip Actuation ESF &
Incident Functions Functions Other Equipment

Section #4503 15. 3
Decrease in reactor coolant
system flow rate
Partial and complete loss Low flow, underspeed, - Steam generator safety
of forced reactor coolant man+al valves, pressurizer

flow

Reacior coolant pump
(RCP) shaft seizure
(locked rotor)

Low flow, manual, high
pressurizer pressure

safety vaives

Pressurizer safety
valves, steam generator
safety valves

Section M 1S .-

Reactivity and power
distribution anomalies

Uncontrolled RCCA bank
withdrawal from a subcrit-
ical or low power startup

condition

Uncontrolled RCCA bank
withdrawal at power

RCCA musalignment

Startup of an m-active
reactor coolant pump at an
ncorrect temperature

Power range high flux
(low setpoint), source
range high flux, intermedi-
ate range high flux, manu-
al

Power range high flux,
overtemperature AT, high
pressurizer pressure,
manual

Ovenemperature AT,
manual

Power range high flux,
low flow (P-8 interlock),
manual

3

Pressurizer safety
valves, steam generator
safety valves

@Wﬂ
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Table 15.0-6 (Sheet 4 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT

Incident

AND ACCIDENT CONDITIONS

Reactor ESF
Trip Actuation
Functions Functions

ESF &
Other Equipment

Section #5-4 (continued)

CVS malfunction that
results in a decrease in
horon concentration in the
reactor coolant

Spectrum of RCCA ejec-
uon accidents

Source range high flux,
overiemperature AT,
manual

Power range high flux,
high positive flux rate,
manual

Source range flux
doubling

Low insertion limit
ARDUBCIALOrS

Pressurizer safety
valves

Section 15:64- 15 . S

Increase in reactor coolant
mventory

Inadverntent operation of
the ECCS during power
operation

High pressurizer pressure,
manual, "safeguards” trip,
high pressurizer level

High pressunizer level,
low Teoid

CMT, Pressurizer
safety valves, CVS
1solation, PRHR

Section Forbb- | 5. b
Decrease i reactor coolant
mventory

Inadvernent opening of a
pressurizer safety valve

o ﬁtsm

Low pressurizer pressure,
overtemperature AT,
manual

Low pressurizer pres-

CMT, ADS, accumu-
lator
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Table 15.0-6 (Sheet 5 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT
AND ACCIDENT CONDITIONS

Incident

Reactor
Trip
Functions

ESF
Actuation
Functions

ESF &

Other Equipment

N~
Section }Zzu‘«mtwuﬁd/

Steam generator tube
rupture

LOCASs resulting from the

spectrum of postulated
piping breaks within the
reacior coolant pressure
boundary

Low pressurizer pressure
overtemperature AT,
safeguards ("S"), manuai

Low pressunzer pressure,

safeguards ("S"), manual

Low pressurizer pres-

sure, high steam gener-

ator lev (-,;’_\005

/
wtoan Ling
?(C.Sf)w

High-1 containment
pressure, low pressunz
er pressure

CMT, PRHR, steam
generator safety and/or
relief vaives, MSIVs,
radiation monitors (air
removal, steamline and
SG blowdown), startup
feedwater isola’ ',

CVS pump isc

JOns N

CMT, accumulator,
ADS, Sieam generator
safety and/or rehief /

\'ai\‘cx)wm /

¢

(x‘mwrw o NeekT
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15. Accident Analyses

Table 15.0-7 (Sheet 1 of 2)

SINGLE FAILURES ASSUMED IN ACCIDENT ANALYSES

Event Description
Feedwater temperature reduction'd)
Excessive feedwater flow

Excessive steam flow

Inadvertent secondary depressurization

Steam system piping failure

T hodutrran Gotrarian ot Phe TRAR
Steam pressure regulator malfunction(®)

Loss of external load

Turbine trip

Inadvertent closure of main steam 1solation
valve

Loss of condenser vacuum

Loss of ac power

Loss of normal feedwater

Feedwater system pipe break

Partial loss of forced reactor coolant flow
Complete loss of forced reactor coolant flow
Reactor coolant pump locked rotor

Reactor coolant pump shaft break

Rod cluster control assembly (RCCA) bank
withdrawal from subcritical

RCCA bank withdrawal at power
Drosped RCCA, dropped RCCA bank
Statically misaligned RCCA(C)

Single RCCA withdrawal

Vailure
One protection division
One protection division
One CMT discharge valve

Omne CMT discharge valve
Oru. @roretrisn iVl

One protection division
One protection division
One protection division

One protection division
One PRHR discharge valve
One PRHR discharge valve
One PRHR discharge valve

One protection division

One protection division

One protection division

One protection division

Ome protection division

One protection division

One protection division

One protecuon division
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15. Accident Analyses

Table 15.0-7 (Sheet 2 of 2)

SINGLE FAILURES ASSUMED IN ACCIDENT ANALYSES

Event Description Failure
Inacuve reactor coolant pump startup One protection division
Flow controlier maifunction(®)
Uncontrolled boron dilution One protection division
Improper fuel Joading(c) -
RCCA ejection One protection division
Inadvertent emergency core cooling system One protection division
operation at power
Increase in reactor coolant system mventory Oue protection division
Inadverntent reactor coolant systemn depressun- One protection division
zation

Failure of small lines carrying primary coolant
outside containment!€)

Steam generator tube rupture Faulted steam generator power
operated relief valve fails open

Spectrum of loss-of-coolant accident

Small breaks One 4th stage ADS valve
uLarx"ehhleaks e o Bmaiin One CMT discharge valve .
T LT i, e provessien division @imicors
(a) No protection action required. ont \ii S onn Sed
(b} Not applicable to AP&X). Nﬂ:}“‘ -
(¢) No transient analysis. Srase ®OS o)
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Figure 15.0.3-1

tHustration of Overpower and Overtemperature AT Protection
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Figure 15.0.4-1

Doppler Power Coefficient used in Accident Analysis
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15.1

15.1.1

15.1L.11

Increase in Heat Removal From the Primary System

A number of events are postulated which could result in an increase in heat removal from the
reactor coolant system (RCS). Detailed analyses are presented for the tvents that have been
identified as limiting cases.

Discussions of the following reactor coolant system cooldown events are presented in this
section:

Feedwater system malfunctions caus reduction in feedwater temperature
Feedwater system malfunctions caus:; an increase in feedwater flow

Excessive increase in secondary steam flow

Inadvertent opening of a steam generator relief or safety valve

Steam system piping failure

Inadvertent operation of the passive residual heat removal eyeism heat WJ‘I’

The preceding events are Condition Il events, with the exception of small steam system piping
failures, which are considered to be Condition III and large steam system piping failure
Condition IV events. Subsection 15.1 contains a discussion of classifications and applicabie
criteria.

The accidents in this section are analyzed. The most severe radiological consequences result
from the main steam line break accident discussed in Subsection 15.1.5. Therefore, the radio-
logical consequences are reported only for that limiting case

Feedwater System Malfunctions that Result in a Decrease in Feedwater Temperature
Identification of Causes and Accident

Reductions in feedwater temperature causes an increase in core power by decreasing reactor
coolant temperature. Such transients are attenuated by the thermal capacity of the secondary
plant and of the reactor coolant system. The overpower/overtemperature protection (neutron
overpower, overtemperature, and overpower AT trips) prevents any power increase that could
lead to a departure from nucleate boiling ratio (DNBR) less than the safety analysis limit
valves.

A reduction in feedwater temperature may be caused by a low-pressure heater train or a high-
pressure heater out of service. At power, this increased subcooling creates a greater load
demand on the reactor coolant system.

With the plant at no-load conditions, the addition of cold feedwater may cause a decrease in
reactor coolant system temperature and a reactivity insertion due to the effects of the negative
moderator coefficient of reactivity. However, the rate of energy chauge is reduced as load and
feedwater flows decrease, so the no-load transient is less severe than the full-power case.
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15.1.1.2

15.1.1.2.1

15.1.1.2.2

15.1.

The net effec .n the reactor coolant system due to a reduction in feedwater temperature is
similar to the effect of increasing secondary steam flow: That is, the reactor reached a new
equilibrium condition at a power level corresponding to the new steam generator AT.

A decrease in normal feedwater temperature is classified as a Condition II event, fault of
moderate frequency.

The protection available to mitigate the consequences of a decrease in feedwater temperature
is the same as that for an excessive steam flow increase, as discussed in Subsection 15.8 and
listed in Tabie 15-6.

Analysis of Effects and Consequences

Method of Analysis

This transient is analyzed by computing conditions at the feedwater pump in.et following the
removal of a low-pressure feedwater heater train or a high-pressure heater from service.
These feedwater conditions are then used to recalculate a heat balance through the high-
pressure heaters. This heat balance gives the new feedwater conditions at the steam generator
inlet.

The following assumptions are made:

*  Plant initial power level corresponding to 100 percent nuclear steam supply system
thermal output

*  Isolation of one string of low-pressure feedwater heaters
Plant characteristics and initial conditions are further discussed in Subsection 15.3.

Results yoH

ssure feedwater heaters causes a reduction in feedwater
temperature that increases th- thermal load on the primary system. The calculated reduction
in feedwater temperature is °F, resultii,2 in an increase in heat load on the primary system
of less than 10 percent full power. Therefore, the transient results of this analysis are not
presented.

Isolation of a string of low-

‘nclusions

The decrease in feedwater temperature transient 1s less severe than the increase in feedwater
flow event and the increase in secondary steam flow event. (See Subsections 15.1.2 and
15.1.3.) Based on the results presented in Subsections 15.1.2 and 15.1.3, the applicable SRP
Section 15.1.1 evaluatisi critena for the decrease in feedwater temperature event are met.
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15.1.2

15.1.2.1

15.1.2.2

15.1.2.2.1

Feedwater System Malfunctions that Resuit in an Increase in Feedwater Flow

Identification of Causes and Accident Description

Addition of excessive feedwater causes an increase in core power by decreasing reactor
coolant temperature. Such transients are attenuated by the thermal capacity of the secondary
plant and the reactor coolant system. The overpower/overtemperature protection (neutron
overpower, overtemperature, and overpower AT trips) prevents a power increase that leads to
a departure from nucleate boiling ratio (DNBR) less than the safety analysis limit value.

An example of excessive feedwater flow is a full opening of a feedwater control valve due
to a feedwater control system malfunction or an operator error. At power, this excess flow
causes a greater load demand on the reactor coolant system due to increased subcooling in the
steam generator.

With the plant at no-load conditions, the addition of cold feedwater may cause a decrease in
reactor coolant system temperatu e and a reactivity insertion due to the effects of the negative
moderator coefficient of reactivi.y.

Continuous addition of excessive feedwater is prevented by the steam generator High-2 water
level signal trip, which closes the feedwater 1solation valves and feedwater control valves and

trips the turbine, main feedwater pumps, nndlw
s

An increase in normal feedwater flow is classified as a Condition II event, fault of moderate
frequency.

Plant systems and equipment availab:e to mitigate the effects of the accident are discussed in
Subsection 15.8 and listed in Table 15-6.

Analysis of Effects and Consequences
Method of Analysis

The excessive heat removal due to a feedwater system malfunction transient is analyzed by
using the detailed digital computer code LOFTRAN (Reference 1). This code simulates a
multiloop system, neutron kinetics, pressurizer, pressurizer safety valves, pressurizer spray,
steam generator, and steam generator safety valves. The code computes pertinent plant
vanables including temperatures, pressures, and power level.

The system is analyzed to demonstrate plant behavior if excessive feedwater addition occurs
because of system malfunction or operator error which allows a feedwater control valve to
open fully. The following two cases are analyzed assuming a conservatively large negative
moderator temperature coefficient:

*  Accidental opening of one feedwater control valve with the reactor just critical at zero-
load conditions
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15.1.2.2.2

*  Accidental opening of one feedwater control valve with the reactor in automatic control
at full power

The reactivity insertion rate following a feedwater system malfunction is calculated with the
following assumptions:

*  For the feedwater control valve accident at full power, one feedwater control valve is
assumed to malfunction resulting in a step increase to 115 percent of nominal feedwater
flow to one steam generator

¢ For the feedwater control valve accident at zero-load condition, a feedwater control valve
malfunction occurs, which results in a step increase in flow to one steam generator from
0 to 115 percent of the nominal full-load value for one steam generator

*  For the zero-load condition, feedwater temperature is at a conservatively low value of
40°F

*  Nocredit is taken for the heat capacity of the reactor coolant system and steam generator
thick metal in attenuating the resulting plant cooldown

*  The feedwater flow resulting from a fully open control valve is terminated by a steam
generator High-2 level trip signal, which closes feedwater control and isolation valves,
trips the mair feedwater pumps, and trips the turbine

Plant charactenstics and initial conditions are further discussed in Subsection 15.3.

Normal reactor control systems are not required to function. The reactor protectigh system
may function to trip the reactor because of overpower or High-2 steam generator pvater level
conditions. No single active failure prevents operation of the weasies protection fsystem. A
discussion of anticipated transients without trip considerations is presented in Section 15 8.

Results

In the case of an accidental full opening of one feedwater control valve with the reactor at
zero power and the preceding assumptions, the maximum reactivity insertion rate 1s less than
the maximum reactivity insertion rate analyzed in Subsection 15.4.1 for an uncomtrolled rod
cluster control assembly bank withdrawal from a subcritical or low-power startup condition.
Therefore, the results of the analysis are not presented here. If the incident occurs with the
unit just critical at no-load, the reactor may be tripped by the power range high neutron flux
trip (low setting) set at approximately 25 percent nominal full power.

The full-power case (maximum reactivity feedback coefficients, automatic rod control) results
in the greatest power increase. Assuming the rod control system to be in the manual control
mode results in a shghtly less severe transient.
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15.1.2.3

15.1.3

15.1.3.1

When the steam generator water level in the faulted loop reaches the High-2 level setpoint,
the feedwater control valves and feedwater pump discharge valves are automatically closed
and the main feedwater pumps are tripped. This prevents continuous addition of the
feedwater. In addition, a turbine trip and a reactor trip are initiated.

Transient results show the increase in nuclear power and AT associated with the increased
thermal load on the reactor. (See Figures 15.1.2-1 and 15.1.2-2.) The departure from
nucleate boiling ratio does not drop below the limit value. Following the reactor trip, the
plant approaches a stabilized and safe condition; standard plant shutdown procedures may then
be followed to further cool down the plant.

Since the power level rises to a maximum of about 4 percent Juring the excessive feedwater
flow incident, the fuel temperatures also rises until after reactor trip occurs. The core heat
flux lags behind the neutron flux response because of the fuel rod thermal time constant.
Therefore, the peak value does not exceed 118 percent of its nominal value (the assumed high
neutron flux trip setpoint). The peak fuel temperature thus remains well below the fuel
melting temperature.

The transient results show that departure from nucleate boiling does not occur at any time
dunng the excessive feedwater flow incident Thus, the ability of the primary coolant to
remove heat from the fuel rods are not reduced. The fuel clacding temperature therefore does
not rise significantly above its initial value during the transient.

The calculated sequence of events for this accident is shown in Table 15.1.2-1.
Conclusions

The results of the analysis show that the departure from nucleate boiling ratios encountered
for an excessive feedwater addition at power are above the limit value. The departure from
nucleate boiling ratio design basis is described in Section 4.4.

Additionally, the reactivity insertion rate that occurs at no-load conditions following excessive
feedwater addition is less than the maximum value considered in the analysis of the rod
withdrawal from subcritical condition analysis. See Subsection 15.4.1.

Excessive Increase in Secondary Steam Flow
Identification of Causes and Accident Description W‘-

An excessive increase in secondary system steamflow (excessive load increase incident) is
a rapid increase in steam flow that causes a powér mismatch between the reactor core power
and the steam generator load demand. The control system is designed to accommodate
a 10 percent step load increase or a 5 percent per minute ramp load increase in the range of
25 1o 100 pescent full power. Any loading rate in excess of these values may cause a reactor
trip actuated by the spacias pfolecti(;r:'ﬁswm Steam flow increases greater than 10 percent

are analyzed in Subsections 15.1.4 15.1.5.

() SQLQ\%W“&
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15.1.3.2

15.1.3.2.1

This accident could result from either an administrative violation such as excessive loading
by the operator or an equipment malfunction in the steam dump control or turbine speed
control.

During power operation, turbine bypass to the condenser is controlled by reactor coolant
condition signals. That 1s, a high reactor coolant temperature indicates a need for turbine
bypass. A single controller malfunction does not cause turbine bypass. Rather, an interlock
blocks the opening of the valves unless a large turbine load decrease or a turbine trip has oc-
curred.

Protection against an excessive load increase accident is provided by the following reactor
proiection system signals:

*  Overpower AT
Overtemperature AT
*  Power range high neutron flux

An excessive load increase incident is considered to be a Condition II event, as described in
Subsection 15.1.

Analysis of Effects and Consequences
Method of Analysis

This accident is analyzed using the LOFTRAN code (Reference 1). The code simulates the
neutron kinetics, reactor coolant system, pressurizer, pressurizer safety valves, pressurizer
spray, steam generator, steam generator safety valves and feedwater system. The code
computes pertinent plant vanables including temperatures, pressures and power level.

Four cases are analyzed to demonstrate plant behavior following a 10 percent step load
increase from rated load. These cases are as follows:

Reactor control in manual with minimum moderator reactivity feedback
Reactor control in manual with maximum moderator reactivity feedback
Reactor control in automatic with minimum moderator reactivity feedback
Reactor control in automatic with maximum moderator reactivity feedback

For the minimum moderator feedback cases, the core has the least negative moderator
temperature coefficient of reactivity: therefore, reductions in coolant temperature have the least
impact on core power. For the maximum moderator feedback cases, the moderator
temperature coefficient of reactivity has its highest absolute value. This resuits in the largest
amount of reactivity feedback due to changes in coolant temperature. For the cases with
automatic rod control, no credit is taker for AT trips on overtemperature or overpower in
order to demonstrate the inherent transient capability of the plant. Under actual operating
conditions, such a trip may occur, after which the plant quickly stabilizes.
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15.1.3.2.2

A 10 percent step increase in steam demand is assumed, and each case is studied without
credit being taken for pressurizer heaters. Initial reactor power, RCS pressure and temperature
are assumed to be at their full power values. Uncertainties in initial conditions are included
in the lim't DNBR as described in Reference 2. Plant characteristics and initial conditions are
further discussed in Subsection 15.3 So
sofry Meni NG

Normal reactor control ftcms and engineered safety systems are not required to function.
The seacter protection Isystem is assuined to be operable; however, reactor trip is not
encountered for most cases due to the error allowances assumed in the setpoints. No single
active failure prevents the meacter protection tystem from performing its intended function.

Results o Y mong foring,

Figures 15.1.3-1 through 15.1.3-10 show the transient with the reactor in the manual control
mode. For the minimum moderator feedback case there is a slight power increase, and the
average core temperature shows a large decrease. This results in a departure from nucleate
boiling ratio which increcses above its initial value. For the maximum moderator feedback,
manually controlled case there is a much faster increase in reactor power due to the moderator
feedback. A reduction in the departure from nucleate boiling ratio is experienced, but the
departure from nucleate boiiing ratio remains above the safei ' analysis limit.

Figures 15.1.3-11 through 15.1.3-20 show the transient assuming the reactor is in the
automatic control mode and no reactor trip signals occur. Both the minimum and maximum
moderator feedback cases show that core power increases, thereby reducing the rate of
decrease in coolant average temperature and pressurizer pressure. For both of these cases, the
minimum departure from nucleate boiling ratio remains above the safety limit.

oA W\
For the cases analyzed the plant power stabilizes at e
e i A | rod - e . hing-i

equihbrum-condtrom. Normal plant operating procedures are followed to reduce power.
Because of the measurement errors assumed in the setpoints, it is possible that reactor trip

could actually occur for the automatic control cases. The plant then reaches a stabilized
condition following the trip.

The excessive load increase incident is an overpower transient for which the fuel temperature
rises. Reactor trip may not occur for some of the cases analyzed, and the plant reaches a new
equilibr:um condition at a higher power level corresponding tc; the increase in steam flow.

Since departure from nucleate boiling does not occur at any | me during the excessive load
ir.rease transients, the capability of the primary coolant to rem ve heat from the fuel rod is
not reduced. Thus, the fuel cladding temperature does not rise siznificantly above its initial
value during the transient.

The calculated sequence of events for the excessive load increase incident is shown in
Table 15.1.2-1.
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Conclusions

The analysis just presented above shows that for a 10 percent siep load increase the departure
from nucleate boiling ratio remains above the safety analysis limit. The design basis for
departure from nucleate boiling ratio 1s descrbed in Section 4.4. The plant rapidly reaches
a stabilized condition following the load increase

Inadvertent Opening of a Steam Generator Relief or Safety Valve
Identification of Causes and Accident Description

The most severe core conditions resulting from an accidental depressurization of the main
steam system are associated with an inadvertent opening of a single steam dump, rehef, or
safety valve. The analyses performed assuming a rupture of a main steam line are given in
Subsection 15.1.5

The steam release, as a consequence of this accident, results in an initial increase in steam
flow which decreases during the accident as the steam pressure falls. The energy removal
from the reactor coolant system causes a reduction of coolant temperature and pressure. In
the presence of a negative moderator temperature coefficient, the cooldown results in an

imsertion of positive reactivity

I'he analysis is performed to demonstrate that the following SRP Section 15.1.4 evaluation

criterion 15 sausfied

Assuming the most reactive stuck rod cluster control assembly (RCCA), with offsite power
available, and assuming a single failure in the engineered safety features (ESF) system, there
will be no consequential damage to the fuel or reactor coolant system after reactor trip for a
steam release equivalent to the spurious opening, with failure to close, or the largest of any
single steam dump, relief, or safety valve. This criterion is met by showing the departure
from nucleate boiling (DNB) design basis is not exceeded

Accidental depressunzation of the secondary system 1s classified as a Condition Il event as

described in Subsection 15.1

I'he following systems provide the necessary protection against an accidental depressurization

of the main steam system
Core makeup tank actuation on a safeguard signal from one of the following four signals

Two out of four low pressurizer pressure signals
Two out of four low pressurizer level signals
Two out of four low T.q14 signals in any one loop

Two out of four low steam line pressure signals in any one loop
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The overpower reactor trips (neutron flux and AT) and the reactor trip occurring in
conjunction with receipt of the safeguards signal

undant 1solation of the main feedwater lines

Sustained high feedwater flow causes additional cooldown. Therefore, in addition to the
normal control action that closes the main feedwater valves following reactor trip, a safe-
guards signal rapidly closes the feedwater control valves and feedwater isolation valves, and
ips the main feedwater pumps.

Redundant isolation of the startup feedwater system

Sustained high startup feedwater flow causes additional cooldown. Therefore, the low
Teold signal closes the startup feedwater control and isolation valves.

Trip of the fast-acting main steam line isolation valves (designed to close in less than 10
seconds) on one of the following signals:

- Two out of four lcw steam line pressure signals in any one loop (above permissive
P-11)

- Two out of four high negative steam pressure rates in any loop (below permissive
P-11)

Plant systems and equipment which are available to mitigate the effects of the accident
are also discussed in Subsection ¥5-& and listed in Table ¥56.
‘ﬁ oo . % \6 . b .b

15.1.4.2  Analysis of Effects and Consequences

15.1.4.2.1 Method of Analys's

The following analyses of a secondary system steam release are performed:

A full plant digital computer simulation using the LOFTRAN code (Reference 1) to
determine reactor coolant system temperature and pressure during cooldown, and the
effect of core makeup tank injection

Analyses to determine that there is no damage to the fuel or reactor coolant system

The following conditions are assumed to exist at the time of a secondary steam system release:

End-of-life shutdown margin at no-load, equilibrium xenon conditions, and with the most
reactive rod cluster control assembiy stuck in its fully withdrawn position. Operation of
rod cluster control assembly mechanical shim and axial offset banks during core burnup
15 restricted by the insertion limits so that shuidown margin requirements are satisfied

o'ssarevd\l 50160 RO3.053195  Revision: 4
@ W 15.1-9 Auzgust 31, 1995



l 15. Accident Anclyses

*  The most negative moderator coefficient corresponding to the end-of-life rodded core
with the most reactive rod cluster control assembly in the fully withdrawn position. The
vaniation of the coefficient with temperature and pressure is included. The kgff
(considering moderator temperature and density effects) versus temperature at 1000 psi
corresponding to the negative moderator temperature coefficient used is shown in
Figure 15.1.4-1. The core power reactivity feedback is modeled as a function of core
thermal power and core mass flow. The feedback calculations performed in LOFTRAN
are discussed further in Subsection 15.15.2.1

*  Minimum capability for injection of boric acid solution ponding to the most
restrictive single fatlure in the passive core cooling syste -concentration boric acid
must be swept from the core makeup tank lines down of isolation valves before

delivery of boric acid (3268 ppm) to the reactor coolant loops. This effect has been
accounted for ir. the analysis\ I4O0
%230
*  The case studied is a steam flow of sﬁsfpounds per second at 1200 psia with offsite
power available. This conservatively models the maximum capacity of any single steam
durnp, rehief, or safety valve. Imtial hot shutdown conditions at ime zero are assumed
since this represents the most conservative initial conditions

Should the reactor be just critical or operating at power at the time of a steam release, the
reactor is tripped by the normal overpower protection when power level reaches a trip point.
Following a trip at power, the reactor coolant system contains more stored energy than at no-
load, the average coolant temperature 1s higher than at no-load and there is appreciable energy
stored in the fuel. Thus, the additional stored energy is removed .a \e cooldown caused by
the steam release before the no-load conditions of reactor coolant system temperature and
shutdown margin assumed in the analyses are reached.

After the additional stored energy is removed, the cooldown and reactivity insertions proceed
in the same manner as in the analysis, which assumes no-load condition at time zero.
However, since the initial steam generator water inventory is greatest at no-load, the
magnitude and duration of the reactor coolant system cooldown are less for steam line release
occurning at power.

* In computing the steam flow, the Moody Curve (Reference 3) for f(L/D) = 0 is used

¢ Perfect noisture separation in the steam generator

*  Offsite power is available, since this maximizes the cooldown

*  Maximum cold startup feedwater flow

*  Four reactor coolant pumps are initially operating

* Manual actuation of the passive residual heat removal system at time zero is
conservatively assumed to maximize the cooldown
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15.1.42.2 Results

The results presented conservatively indicate the events that would occur assuming a
secondary system steam release since it is postulated that the conditions just described occur
simultaneously.

S0

Figures 15.1.4-2 through 15.1.4-13 show the transient results for a steam flow of nds
per second at 1200 psia.

The assumed steam reieasc is typical of the capacity of any single steam dump, relief, or
safety valve. Core makeup tanks injection and the associated tripping of the reactor coolant
are imtiated automatically by low pressurizer pressure safeguard signal. Boron solution

IBQOO ppm enters the reactor coolant system, providing enough negative reactivity to prevent
core damage. Later in the transient, as the reactor coclant pressure continues to fall, the
accumulators actuate and inject boron solution n%(p

A

\.oo

The transient is conservative with respect to cooldown, since no credit is taken for the energy
stored in the system metal other than that of the fuel elements and steam generator tubes, and
the passive residual heat removal system 1s assumed to be actuated at time zero. Since the
limiting portion of the transient occurs over a period of about five minutes, the neglected
stored energy is likely to have a significant effect in slowing the cooldown.

The calculated ime sequence of events for this accident is listed in Table 15.1.2-1.

15.1.43 Margin to Critical Heat Flux

19
z ﬁmum from nucleate boiling analysnséuerfonmd FO1 The steafvtes otk
inadvertent opening of a steam generator

relief or safety valve That doundme analysis demonstrates that the departure from nucleate
boiling design basis, as described in Section 4.4, is met for the inadvertent opening of a steam
generator relief or safety valve.

15.1.44  Cenclusions
The analysis shows that the criterion stated earlier in this subsection is satisfied. For an
inadvertent opening of any single steam dump or a steam generator relief or safety valve, the
departure from nucleate boiling design basis is met.

15.1.5 Steam System Piping Failure

15.1.5.1  ldentification of Causes and Accident Description
The steam release ansing from a rupture of a main steam line results in an initial increase in

steam flow, which decreases during the accident as the steam pressure falls. The energy
removal from the reactor coolant system causes a reduction of coolant temperature and
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pressure. In the presence of a negative moderator temperature coefficient, the cooldown
results in an inseition of positive reactivity,

If the most reactive rod cluster control assembly is assumed stuck in its fully withdrawn
position after reactor trip, there 1s an increased possibility that the core becomes critical and
returns to power. A return to power following a steam line rupture is a potential problem
mainly because of the existing high-power peaking factors, assuming the most reactive rod
cluster control assembly to be stuck in its fully withdrawn position. The core is ultimately
shut down by the boric acid solution delivered by the passive core cooling system.

The analysis of a main steam line rupture is performed to demonstrate that the following SRP
Section 15.1.5 evaluation criterion 1s satisfied:

Assuming the most reactive stuck rod cluster control assembly with or without offsite power
and assuming a single failure in the engineered safety features (ESFs), the core cooling capa-
bility is maintained. Radiation doses do not exceed the guidelines of 10 CFR 100.

Departure from nucleate boiling and possible clad perforation following a steam pipe rupture
are not necessarily unacceptable. But, the following analysis, in fact, shows that the departure
from nucleate boiling design b ssis is not exceeded for any rupture, assuming the most reactive
assewbiy siick in its fully withdrawn position. The departure from nucleate boiling ratio
design basis 1s discussed in Section 4.4,

A major steam line rupture is classified as a Condition IV event.

Effects of minor secondary system pipe breaks are bounded by the analysis presented in this
section. Minor secondary systemn pipe breaks are classified as Condition III events, as
described in Subsectiontéﬂ-.&'
i9.0.13

The major rupture of a steam line is the most limiting cooldown transient and is analyzed at
zero power with no decay heat. Decay heat retards the cooldown, thereby reducing the
likelihood that the reactor returns to power. A detailed analysis of this transient with the most
limiting break size, a double-ended rupture, is presented here.

Certain assumptions used in this analysis are discussed in Reference 4. Reference 4 also
contains a discussion of the spectrum of break sizes and power levels analyzed.

The following functions provide the protection for a steam line rupture: (See
Subsection 7.2.1.1.2)

*  Core makeup tank actuation from any of the following:

= Two out of four low pressurizer pressure signals
- Two out of four High-1 containment pressure signals

Two out of four low steam line pressure signais in any loop
= Two out of four low Tgg)gq signals in any one loop
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15. Accident Analyses .

- Two out of four low pressurizer level signals

*  The overpower reactor trips (neutron flux and AT) and the reactor trip occurring in
conjunction with receipt of the safeguards signal

*  Redundant 1solation of the main feedwater lines

ustained high feedwater flow causes additional cooldown. Therefore, in addition to the
normal control action that closes the main feedwater control valves, the safeguards signal
rapidly closes all feedwater control valves and feedwater isolation valves, and trips the main
eedwater pumps.

*  Redundant isolation of the startup feedwater system

ustained high startup feedwater flow causes additional cooldown. Therefore, the low T4
signal closes the startup feedwater control and isolation valves.

*  Fast-acting main steam line isolation valves (MSIVs) (designed to close in less than 10
seconds) on any of the following:

- Two out of four High-1 containment pressure

Two out of the four low steam line pressure signals in any one loop (above
permissive P-11)

- Two out of four high negative steam pressure rates in any one loop (below
permissive P-11)

A fast-acting main steam isolation valve is provided in each steam line. These valves fully
close within 10 seconds of actuation following a large break in the steam line. For breaks
downstream of the main steam line isolation valves, closure of at least one valve in each line
completely terminates the blowdown.

For any break in any location, no more than one steam generator would experience an
uncontrolled blowdown even if one of the main steam line isolation valves fails to close. A
description of steam line isolation is included in Chapter 10.

Flow restrictors are installed in the steam generator outlet nozzle, as an integral part of the
steam generator. The effective throat area of the nozzles is 1.4 square feet, which is
considerably less than the main steam pipe area; thus, the flow restrictors also serve to limit
the maximum steam flow for a break at any location.

Design criteria and methods of protection of safety-related equipment from the dynamic
effects of postulated piping ruptures are provided in Section 3.6.

o'\ssarrevi1 S01in R03-053195  Revision: 4
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15.1.5.2

15.1.5.2.1

Analysis of Effects and C.asequences
Method of Analysis
The analysis of the steam pipe rupture is performed to determine the foliowing:

¢ The core heat flux and reactor coolant system temperature and pressure resulting from
the cooidown following the steam line break. The LOFTRAN code (Reference 1) is
used to determine the system transient.

*  The thermal and hydraulic behavior of the core following a steam line break. A detailed
therma! and hydraulic digital computer cnde, THINC, is used to determine if departure
from nucleate boiling occurs for the core transient conditions computed by the
LOFTRAN code.

The following conditions are assumed to exist at the time of a main steam line break accident:

*  End-of-cycle shutdown margin at no-load, equiiibrium xenon conditions, and the most
reactive rod control assembly stuck in its fully withdrawn position. Operation of the
control rod mechanical shim and axial offset banks during core burnup 1s restricted by
the insertion limits so that shutdown margin requirements are satisfied.

* A negauve moderator coefficient corresponding to the end-of-life rodded core with the
most reactive rod cluster control assemblv in the fully withdrawn position. The variation
of the coefficient with temperature and pressure has been inciuded. The Keff
(considenng moderator temperature and density effects) versus temperature at 1000 psia
correspon.ing to the negative moderator temperature coefficient used is shown in
Figure 15.1.4-1. The core power reactivity feedback is modeled as a function of thermal
power and core mass flow.

The core properties used in the LOFTRAN mode for feedback calculations are generated by
combining those in the sector nearest the affected steam generator with those associated with
the remaining sector. The resultant properties reflect a combination process that accounts for
inlet plenum fluid mixing and a conservative weighing of the fluid properties from the coldest
core sector.

To venfy the conservatism of this method, the power predictions of the LOFTRAN point
kinetics modeling are confirmed by comparison with detailed core analysis for the limiting
conditions of the cases considered. This core analysis explicitly models the hypothetical core
configuration (i.e., stuck rod cluster control assembly, non-uniform inlet temperatures,
pressure, flow, and boron concentration) and directly evaluates the total reactivity feedback
including power, boron, and density redistribution in an integral fashion. The effect of void
formation is also included.

Comparison of the results from the derailed core analysis with the LOFTRAN predictions
venify the overall conservatism of the methodology. That is, the specific power, temperature,
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and flow conditions used to perform the departure from nucleate boiling analysis are
conservative.

The portions of the passive core cooling system used in mitigating a steam 1'ne rupture
are the core makeup tanks and the accumu ators. There are no single failures that
prevent core makeup tank injection. In raodeling the core makeup tanks and the
accumulators, conservative assumntis.. are used that minimize the capability to add
borated water. Specifically, the core makeup tank injection line characteristics modeled
reflect the failure of one core makeup tank discharge valve.

Maximum overall fuel-to-coolant heat transfer coefficient, to maximize rate of cooldown

Since the steam generators are provided with integral flow restrictors with a 1.4-square-
foot throat area, any rupture in a steam line with a break area greater than 1.4 square
feet, regardless of location, has the same effect on the primary plant as the 1.4-square-
foot-double-ended rupture. The limiting case considered in determining the core power
and reactor coolant system transient is the complete severance of a pipe, with the plant
initially at no-load conditions, full reactor coolant flow with offsite power available. The
results of this case clearly bound the loss of offsite power for the following four reasons:

- Loss of offsite power results in an immediat2 reactor coolant pump coastdown at
the initiation of the transient. This reduces the severity of the reactor coulant
system cooldown by reducing primary-to-secondary heat transfer. The lessening of
the cooldown, in turn, reduces the magnitude of the return to power.

- Following actuation, the core makeup tank provides borated water that injects into
the reactor coolant system. Flow from the core makeup tank increases if the reactor
coolant pumps have coasted down. Therefore, the analysis performed with offsite
power and continued reactor coolant pump operation actually minimizes the rate of
boron injection into the core ar . is conservative.

- In recognitior of the preceding item, the protection system automatically provides
a safety-related signal that initiates the coastdown of the reactor coolant pumps in
parallel with core makeup tank actuation. Since this reactor coolant pump function
is actuated early during the steam line break event (right after core makeup tank
actuation), there is very little difference in the predicted departure from nucleate
boiling ratio between cases with and without offsite power.

- Because of the passive nature of the safety injection system, the loss of offsite
power does not delay the actuation of the safety injection system.

Power peaking factors corresponding to one stuck rod cluster control assembiy and
nonuniform core inlet coolant temperatures are determined at the end of core life. The
coldest core inlet temperatures are assumed to occur in the sector with the stuck rod.
The power peaking factors account for the effect of the local void in the region of the
stuck rod cluster control assembly during the return to power phase following the steam
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15.1.5.2.2

15.1.5.2.3

line break. This void in conjunction with the large negative moderator coefficient par-
tially offsets the effect of the stuck assembly. The power peaking factors depend upon
the core power, temperature, pressure, and flow, and therefore may differ for each case
studied.

The analysis assumes initial hot standby conditions at time zero since this represents the most
pessimistic initial condition. If the reactor is just critical or operating at power at the time of
a steam line break, the reactor is tripped by the normal overpower protection system when
power level reaches a trip point.

Following a trip at power, the reactor coolaut system contains more stored energy tian at no-
load, the average coolant temperature is higher than at no-load, and there is appreciable energy
stored in the fuel. Thus, the additional stored energy reduces the cooldown caused by the
steam line break before the no-load conditions of reactor coolant system temperature and
shutdown margin assumed in the analyses 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 condition at time zero.

*  In computing the steam flow during a steam line break, the Moody Curve (Reference 3)
for f(L/D) = 0 is used.

*  Perfect moisture separation in the steam generator.
*  Maximum cold startup feedwater flow plus nominal 100 percent main feedwater flow.
*  Four reactor coolant pumps are initially operating.

* Manual actwation of the passive residual heat removal system at time zero is
conservatively assumed to maximize the cooldown.

Results

The calculated sequence of events for the analyzed case is shown in Table 15.1.2-1. The
results presented conservatively indicate the events that would occur assuming a steam line
rupture, since it is postulated that the conditions qust described occur simuitaneousiy.

Core Power and Reactor Coolant System Transient

Figures 15.1.5-1 through 15.1.5-14 show the reactor coolant system transient and core heat
flux following a main steam line rupture (complete severance of a pipe) at initial no-load
condition.

Offsite power is assumed available so that, initially, full reactor coolant flow exists. During
the course of the event, the reactor protection system initiates a coastdown of the reactor
coolant pumps in conjunction with actuation of the core makeup tanks. The transient shown
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assumes an uncontrolled steam release from only one steam generator. Stezin releasc from

more than one steam generator is prevented by automatic trip of the fast-ucting main steam

isolation valves in thie steam lines by high containment pressure signals or by low steam line

pressure signals. Even with the failure of one valve, release is limited to MI\O/ oﬂ""‘“
seconds for the other steam generator while the one generator blows down. The main steam

isolation valves fully close in less than 10 seconds from receipt of a closure signal.

8400
As shown in Figure 15.1.5-3, the core atfains criticality with the rod cluster control assemblies
inserted (with the design shutdown ming the most reactive rod cluster control assembly

stuck) before boron solution at pm (from core makeup tanks) or 4986 ppm (from
accumulators) enters the reactor coolant system. A peak core power signi ly lower than
the nominal full-power value is attained. o0

The calculation assume. “at the boric acid is mixed with and diluted by the water flowing
in the reactor coolant syster. before entering the reactor core. The concentration after mixing
depends upon the relative flow rates in the reactor coolant system and from the core makeup
tanks or accumulators (or both). The variation of mass flow rate in the reactor coolant system
due to water density changes is included in the calculation. So is the variation of flow rate
from the core makeup tanks or accumulators (or both) due to changes in the reactor coolant
system pressure and temperature and the pressurizer level. The reactor coolant system and
passive injection flow calculations include the line losses.

At no time during the analyzed steam line break event does the core makeup tank level even
'VDJ approach the setpoint for actuation of the automatic depressurization system. The combination

of injection flow from the accumulators and recirculation flow from the reactor coolant system
cold legs into the core makeup tanks maintains a relatively large core makeup tank water
inventory throughout the event.

\ (Nex pasy

The passive residual heat removal system provides a passive, long-term mean of removing the
core decay and stored heat by transferring the energy via the passive residual heat removal
heat exchangers to the in-c Waxa storage tank (IRWST). Normally the
passive residual heat removal w& actuaied automati=ally when the steam generator level
falls below the low wide range level. For the main steam line rupture case analyzed, the
passive residual heat removal gwsiessis conservatively actuated at time zero to maximize the

cooldown. VT &*W!‘f
15.1.5.24 Margin to Critical Heat Flux
The case presented in Subsection 15.1.5.2.2 conservatively models the expected behavior of

the plant during a steam system piping failure. This includes the tripping of the reactor
coolant pumps coincident with core makeup tank actua(ion‘.,,\

@:mm from nucleate boiling analysis is performed using limiting assumptions that bound

those of Subsection 151522  Speedienthi—ihe depasture—from-nueleaie-borhmy—anetysre—

conserattvely-nvsmestal-seactor TOT M How-throuph-the-tranvient—A-sebetanteat-retuln
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AP600

in-eonmtsesty ynder the low flow (natural circulation) condifions actually present in the AP600
transient, the return to power is severely limited by the farge negative feedback due to flow
and power. The results of the bounding, #sH-Hew-ease demonstrate that the departure from
nucleate boiling design basis, as described in Section 4.4, 1s met for the steam system piping
failure event

15.1.5.3 Conclusions

The analysis shows that the departure from nucleate boiling design basis 1s met for the steam
system piping failure event. Departure from nucleate boiling and possible clad perforation
following a steam pipe rupture are not precluded by the criteria. The preceding analysis
shows that no departure from nucleate boiling occurs for the rupture assuming the most reac-
tive rod cluster control assembly stuck in its fully withdrawn position. The radiological
consequences of this limiting event are within the dose criteria of 10 CFR 100

15.1.54 Radiological Consequences

Cubgection 18.1.5.4 & follew

Revision: 4 o wanevai1 50110 R

August 31, 1995 15.1-18 \-R.f Westinghouse




Replacement | M y
Atmﬁummmdyldmlmmtcmmme p tank level h

mgwmwmdmmummmm non-LOCA events, the core
cup tanks remain filled with water. The volume of injection flow leaving the core makeup tank is

mak
oﬂsabyuequdvdumdmmmmmamnmemmkﬂpmbmm
tor coolant system cold leg balance lines.
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APGOD

15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Ssstam WE—*‘W
15.1.6.1 Identification of Causes and Accident Description

r?hc inadvertent actuation of the passive residual heat removal system causes an increase in
the core reactivity by decreasing reactor coolant temperature. The overpower/overtemperature
protection (neutron overpower, overtemperature, and overpower AT rips) prevents any power
increase that could lead to a departure from nucleate boiling ratio less than the safety analysis
limit. In addition, since the reactor coolant system depressurizes during this event, the low
pressurizer pressure function could generate a reactor trip

These protection functions do not terminate operation of the passive residual heat removal
system, however. Sc the RCS continues to cool down and depressurize. The safety injection
low pressurizer pressure setpoint actuates the core makeup tank and brings the plant to a
stable condition
Olacassant (e )

The nadvertent actuation of the passive residual heat removal system could be caused by
operator efrof or a false actuating signal. Actuation of the passive residual heat removal
ﬁ«gw involves opening the isolation valves, which establishes a flow path from one reactor

coolant system hot leg, through the passive residual heat removal #stem heat exchangers, and
back into the associated steam generator cold leg plenum

y 5

The passive residual heat removal svoiesd heat tmi,angz‘!{ a7 located above the core to
promote natural circulation flow when the reactor coolant pumps are not operating. /Wi thmtc.w
reactor coclant pumps in operation, flow through the passive residual | eqlrer nr m.xl

LT ot ¢ o
enhanced. The heat sink for the passive residual heat Gyslom 15 prmucd y the
containment re })Nd] water storage tank, in which the passive re sndual heat removal systerr
hth;.u submerged $Since the passive residual,removal m 15 wr*nXled to
~only one reactor coolan system loop, the cooldown resulting from its actuation is asymmetric
with respect to the core !

v d
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15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Heat Exchanger

Replacement A

The inadvertent actuation of the passive residual heat removal heat exchanger causes an
injection of relatively cold water into the reactor coolant system. This produces a reactivity
insertion in the presence of a negative moderator temperature coefficient. The
overpower/overtemperature protection (neutron overpower, overtemperature, and overpower AT
trips) is intended to prevent a power increase that could lead to a departure from nucleate
boiling ratic less than the safety analysis limit. In addition, since the cold leg temperature is
reduced and the reactor coolant system depressurizes during this event, the low cold leg
temperature or low pressunzer pressure functions could generate a reactor trip. These
protection functions do not terminate operation of the passive residual heat removal heat
exchanger.

Iusert 1

Since the fluid in the heat exchanger is in thermal equilibrium with water in the tank, the
initial flow out of the passive residual heat removal heat exchanger is significantly colder than
the reactor coolant system fluid. Following this imitial insurge, the reduction in cold leg
temperature 1s limited by the cooling capability of the passive residual heat removal heat
exchanger.



15. Accident Analyses

plant to an inadvertent passive residual heat removal swetém actuation wnth the plant at no-
load conditions 1s bounded by the analyses performed for the inadvertent opening of a steam
generator relief or safety valve cvent (Subseciion 15.1.4) and the steam system piping failure
event (Subsection 15.1.5). Both of these events are conservatively analyzed assuming passive
residuai heat removal Wm ation coincident with the steam line depressurization. There-
fore, only the response of the plant to an inadvertent passive residual heat removal system

initiation with the core at power is considered here.
¢ lﬁo'% X M

The inadvertent actuation of the passive residual heat remov oyo‘:vem 1s a Condition 11
event, a fault of moderate frequency. Plant systems and eqpipment available to mitigate the

effects of the accident are discussed in Subsection F# and listed in Table The

following reacto: protection SYW protection in the event of an in t

passive residual heat removal actuatio art w\.b\g J
eo .00

The overpower reactor trips (neutron flux and AT)
Two out of four low pressurizer pressure signals
Two out of four low Tcgld signals in any one loop
Two out of four low pressurizer level signals

15.1.6.2  Analysis of Effects and Consequences
15.1.6.2.1 Method of Analysis X

The excessive heat removal due to an inadvertent pl;o{e residual heat removal wn
actuation transient is analyzed by using the wetaried digital computer code LOFTRAN (Refer-
ence 1). This code simulates a multiloop system, neutron kinetics, the pressurizer, pressurizer
safety valves, pressurizer spray, steam generator, and steam generator safety valves. The code
computes pertinent plant vanables including temperatures, pressures, and power level.

The system is analyzed to demonstraje plant behavior in the event of an inadvertent passive
residual heat removal ac

51 n due to an operator error or a false ac on%,
opens the valves that normally isolate the passive residuai heat removal%u
remainder of the reactor coolant system. Both full power and zero-load conditions
be considered. Hewsiesasindicaied-enrhen analyses for the inadvertent opening of a
steam generator relief or safety valve event (Subsection 15.1.4) and the steam system piping
failure event (Subsectjon 15.1.5) boung the results for the zero-power inadvertent passive
residual heat removal auon transient.

The case considcm heg is the response of the plant to an inadvertent passive residual heat
removai“n imtiatidn with the core initially operating at full power. The reactivity

m arising from the inadvertent actuation of the passive residual heat removal -
ﬁw ulated including the following-sme assumptions:
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APGOO

With the core at full power, the inadvertent passive residual heat removal %' '

actuation occurs at 10 seconds. The LOFTRAN code explicitly models the performance
of the passive residual heat removal m U e resulting cooldown transient
experienced by the reactor coolant system

. ———

r * A conservative model for predicting the power excursion experienced by the core

This includes the use of a moderator density coefficient reflecting a most negative moderator
temperature coefficient of reactivity in conjunction with a low level of power feedback
Additionally, the temperature of the colder loop is weighted more heavily in the calculation
of core reactivity, thereby maximizing the predicted peak power

The reactor trip on high neutron flux is conservatively ignored. Instead, the
overtemperature and overpower AT tnips are the only overpower/overtemperature

protection functions which are credited in the analysis
T pacavent ' (nesrpas)

*  Nocredit is taken for the heat capacity of the reactor coolant system and steam generator
thick metal in attenuating the resulting plant cooldown

Control systems are assumed to function only if their operation result ] in morc sc»cre

accident results. For the inadvertent passive residual heat removal dctmm

event, both cases with and without automatic rod control are geslyred-
Leonsidarcts)
Plant characteristics and initial conditions are further discussed in Subsection 15.0.3. No
single active failure prevents operation of the reactor protection systemy A discussion of 3
anticipated transients without scram considerations is presented in Section

. G -
15.1.6.2.2 Resuilts in

: QW
The sysiem responses to an inadvertent passive residual heat removal %actuullon :

power event, with manual rod control, are shown in Figures 15.1.6-1 through 15.1 6-T3, The
full-power case with nmmu | rod control results in the greatest power increase O
acant L v @asg)

Assuming the rod control system to be in automatic results in a slightly less limiting transient,
as the control rods are inserted in response to a primary-to-secondary power mismatch. The
results show the increase in nuclear power and AT associated with the inadvertent passive
residual heat removal system actuation at full power. The departure from nucleate boiling
ratio does not drop below the limit value

o; ﬂ!::vilumng the reactor trip, core makeup tanks are actuated and reactor coolant pumps are

tnpped on a low pressunzer level signal. The plant reaches a safe and stable condition

9(\ Standard plant shutdown procedures may then be followed to further cool down the plant or
return o power operation
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15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Heat Exchanger
Replacement B

A conservative model for predicting the power excursion experienced by the core.

This includes the use of a negative moderator coefficient corresponding to the end-of-
life rodded core. The variation of the coefficient with temperature and pressure has
been included in conjunction with a low level of power feedback.

The core properties used in the LOFTRAN Code for feedback calculations are
generated by combining those in the sector nearest the loop with the passive residua’
heat removal system with those associated with the remaining sector. The resultant
properties reflect a combination process that accounts for inlet plenum fluid mixing
and a conservative weighing of the fluid properties from the coldest core sector.

To verify the conservatism of this method, the power predictions of the LOFTRAN
point kinetics modeling are conf.armed by comparison with detailed core analysis for
the limiting conditions of the cases considered. This core analysis explicitly models
the hypothetical core configuration (i.c., non-uniform inlet temperatures, pressure, flow
and boron) and directly evaluates the total reactivity feedback including power, boron,
and density redistribution in an integral fashion.

Comparison of the results from the detailed core analysis with the LOFTRAN
predictions verify the overall conservatism of the methodology. That is, the specific
power, temperature, and flow conditions used to perform the departure from nucleate
boiling analysis are conservative.

The reactor trips on high neutron flux, overtemperature and overpower AT trips are
conservatively ignored. The analysis demonstrates that the applicable safety analysis
limits are met without a reactor trip being generated.

Replacement C

The inadvertent operation of the passive residual heat removal heat exchanger incident is an
overpower transient for which the fuel temperature rises. Assuming a reactor trip does not
occur the plant reaches a new equilibrium condition at a higher power level corresponding to
the increase in power demanded by the system. In the limiting case analyzed, the plant power
stabilizes at about 111 percent of its nominal value.



|

15.1.6.3

Since the power level rises during the inadvertent passive residual heat removal %m—
initiation, the fuel temperatures will also rise until after reactor trip occurs. The core heat flux
lags behind the neutron flux response because of the fuel rod thermal time constant. The peak
fuel temperature remains below the fuel melting temperatuse.

hw -“M

The transient results show that departure from nucleate an does not occur at any time
during the inadvertent passive residual heat removal systewr actuation event. So the ability
of the primary coolant to remove heat from the fuel rods is not reduced. The calculated
sequence of events for this accident is shown in Table 15.1.2-1.

\Nsere - (nexr o)

Conclusions ok e

The results of the analysis show that the departure from nucleate bofling ratios encountered

for an inadvertent actuation of the passive residual heat removal wyetemr at power are above

the safety analysis limit values. (The departure from nucleate boiling ratio design basis is

described in Section 4.4.) The results for an inadvertent passive residual heat mmovalw
actuation initiated from zero load conditions are bounded by the inadvertent opening of a

steam gercraior relief or safety valve event (Subsection 15.1.4) and the steam system piping

failure event (Subsection 15.1.5).
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Accident Analyses

Tabie 15.1.2-1 (Sheet 1 of 3)

TIME SEQUENCE OF EVENTS FOR INCIDENTS THAT
RESULT IN AN INCREASE IN HEAT REMOVAL FROM

Accident

THE PRIMARY SYSTEM

Event

Time(s)

Feedwater system mal
functions that result in an
increase in feedwater flow

Excessive increase in
secondary steam

| Manual reactor con
trol (mimimum
moderator feedback)

Manual reactor con
trol (maximum mod
erator feedback)

Automatic reactor
control (minimum
moderator feedback

Automatic reactor
control (maximum

moderator feedbach

Revision: 4 o s
August 31, 1995

One main feedwater control valve fails fully open

Minimum DNBR occurs

™

Turbine trip/feedwater isolation on [.,tc;'.m generator

level

Reactor trip on sesbme-iee ha‘\ S YO W(

\ered

Feedwater isolation

10 percent step load i«
Equilibrium conditions reached (approximate tirne
only

10 percent step load increase

Equilibrium conditions reached (aporoximate time

only

10 percent step load increase

Equilibrium conditions reached (approximate time
only

10 percent siep load increase

Equlibrium conditions re i (approximate

0.0

s8s SS.
g U5k.D

043 =90 ©
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15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Heat Exchanger

insert 2

The inadvertent operation of the passive residual heat removal heat exchanger is not included
among the design overpower transients considered in Subsection 4.3. The conservative safety
analysis assumptions apphed to this event do not credit a reactor trip to preclude the core
power from nising above 118 percent of rated thermal power. The nature of this excessive
cooldown transient dictates that the predicted power excursion is associated with very low core
inlet temperatures which can partially offset the penalties associated with the high power.
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Nuclear Power (Fraction of Nominal) vs. Time for 10 Percent Step Load
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Pressurizer Pressure (psia) vs. Time for 10 Percent Step Load
Increase, Manual Control and Maximum Moderator Feedback
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Pressurizer Water Volume (ft*) vs. Time for 10 Percent Step Load
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Core Average Temperature (°F) vs. Time for 10 Percent Step Load
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Nuclear Power (Fraction of Nominal) vs. Time for 10 Percent
Step Load Increase, Automatic Contro. and Minimum Moderator Feedback
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Pressurizer Pressure (psia) vs. Time for 10 Percent Step Load
Increase, Automatic Control and Minimum Moderator Feedback
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Pressurizer Water Volume (ft’) vs. Time for 10 Percent Step Load
Increase, Automatic Control and Minimum Moderator Feedback
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Figure 15.1.3-15

DNB Ratio vs. Time for 10 Percent Step Load Increase,
Automatic Control and Minimum Moderator Feedback
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Pressurizer Pressure (psia) vs. Time for 10 Percent Step Load
Increase, Automatic Control and Maximum Moderator Feedback
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Figure 15.1.3-18

Pressurizer Water Volume (ft’) vs. Time for 10 Percent Step Load
Increase, Automatic Control and Maximum Moderator Feedback

o \ssarrev2\| S01fn fig-05300s  Revision: 4
(::)Mnmmwu 15.1-69 August 31, 1995




even pg




(Cubic Ft.)

Vol.

Pressurizer Waler

LUFT4AP
X1995/04/04 08:51:22.86 8
Moximum Feedbock (E

Cose 4:

1800

1600

1400

1200

1000

800

600

2
0

1.9
JBB45S382883
L) with Aut

15.1.3-1¥

e c1995/02/20

omotic Rod Control

4

-

s

—

¢

TT‘['TF["T(TYTTT]’T;Y‘r'I|

1

=

e : 4 1 d

0

200

400
T ime

600
(seconds)

800

1000



15. Accident Analyses

Figure 15.1.3-19

Core Average Temperature (°F) vs. Time for 10 Percent Step Load
increase, Automatic Control and Maximum Moderator Feedback
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DNB Ratio vs. Time for 10 Percent Step Load
Increase, Automatic Control and Maximum Moderator Feedback
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Nuclear Power Transient

Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Core Heat Flux Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-6 Steam Line Break Events
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Figure 15.1.4-7

RCS Prescure Transient
Inadveitent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-8

Pressurizer Water Volume Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-8 Steam Line Break Events
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Figure 15.1.4-9

Core Flow Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Feedwater Flow (Fraction of Nominal)
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Feedwater Flow Transient

Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Core Boron (ppm)

Figure 15.1.4-11

Core Boron Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-12

Steam Pressure Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-12 Steam Line Break Events
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Steam Flow Transient
Inadvertent Opening of 2 Steam Generator Relief or Safety Valve
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Nuclear Power Transient Steam System Piping Failure
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