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Westinghouse Energy Systems Bm 355- i
Pittstugh Pennsylvania 15230-0355

Electric Corporation
AW-95-838 j

:
!June 2,1995

Document Control Desk -i
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: MR. T. R. QUAY q

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

,

i

'

SUIUECT: 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 1
'

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 wishholding or the accompanying affidavit should
reference AW-95-838 and should be addressed to the undersigned. t

!
Very truly yours. [

I

A##/ A !
N. J. Lipamlo, Man er :

Nuclear Safety Regulatory And Licensing Activities {
i

/nja !

,
.

cc: Kevin Bohrer NRC 12H5 i

9506130107 950602
**

PDR .ADOCK 05200003 ;
A PDR

,
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AW-95-838

1

AFFIDAVIT

i

COMMONWEALTII OF PENNSYLVANIA:

p

Iss
;

COUNTY OF ALLEGIIENY:

Before me, the undersigned authority, personally appeared Brian A. McIntyre, who, being by

me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on

behalf of Westinghouse Electric Corporation (" Westinghouse") and that the averments of fact set forth

in this Affidavit are tme and correct to the best of his knowledge, information, and belief:

I

i
/

iBrian A. McIntyre, Manager

Advanced Plant Safety and Licensing

Sworn to and subscribed

before me this I day

of .1995

6

h
/ Notary Public

NotarW Seal
Ibse Ltris PayneJttyy Pubic'

Commemon!!xpresb.

m.-.-~~
ussA
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(1) I am Manager, Advanced Plant Safety and Licensing, in the Advanced Technology Business

Area, of the Westinghouse Electric Corporation and as such, I have been specifically delegated i

the function of reviewing the proprietary information sought to be withheld from public

disclosure in connection with nuclear power plant licensing and rulemaking proceedings, and

am authorized to apply for its withholding on behalf of the Westinghouse Energy Systems

Business Unit.

(2) 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.

(3) 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.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's

regulations, the following is furnished for consideration by the Commission in determining

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

(i) The information sought to be withheld from public disclosure is owne.d and has been

held in confidence by Westinghouse.

(ii) 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 is held in confidence if it falls in one or more of j
|

several types, the release of which might result in the loss of an existing or potential ]
competitive advantage, as follows: |

mn
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(a) The information reveals the distinguishing aspects of a process (or component,

structun:, tool, method, etc.) where prevention of its use by any of

Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

L

|| (b) It consists of supporting data, including test data, relative to a process (or

.

component, structure, tool, method, etc.), the application of which data secures

a competitive economic advantage, e.g., by optimization or improved

marketability. j
1

(c) Its use by a competitor would reduce his expenditure of resources or improve

his competitive position in the design, manufacture, shipment, installation,

assurance of quality, or licensing a similar product.

(d) It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers. |
!

,

(e) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to

Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(a) The use of such information by Westinghouse gives Westinghouse a

competitive advantage over its competitors. It is, therefore, withheld from

disclosure to protect the Westinghouse competitive position.

(b) It is information which is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

wu
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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 is potentially as valuable as the total competitive

advantage. If competitors acquire components of proprietary infonnation, 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.

'

(iii) 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.

(iv) 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. :

(v) 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 licensmg advanced nuclear power plant designs.

i
i

!
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This information is part of that which will enable Westinghouse to:

L

(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 licensing documentation without purchasing the right to use the

information.

The development of the technology described in part by the information is the result of

applying the results of many years of experience in an intensive Westinghouse effort

and the expenditure of a considerable sum of money.

24%A
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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 i

analytical methods and receiving NRC approval for those methods, ,

!

I'urther the deponent sayeth not.

,

;
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15. Accident Analyses
n-

CIIAPTER 15.0

ACCIDENT ANALYSES

k15.0.1 Classification of Plant Conditions

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

Condition I: Normal operation and operational transients*

Condition II: Faults of moderate frequency*

Condition III: Infrequent faults*
,

|- Condition IV: I.imiting faults*

The 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 ny considerations such as the single failure criterion in fulfilling this principle. -Bat
', saly :cadc Cmess,,1, Cims IE, =d qu;EE d equ!p-wmemauuu, .md unuye-

i nent: n.c macd is ic addgatan of ec ccnequencer M Ombd C-d"harii, tu, and i-(
-c eno. Re evaluation models and parameters for the accident analysis radiological
consequences are discussed in Appendix 15A.

15.0.1.1 Condition I: Normal Operation and Operational Transients a

Condition I occurrences are those that are expected to occur frequ Itly or regularly in the
course of power operation, refueling, maintenance, or maneuveri of 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 l'

of their effect on the consequences of fault conditions (Corxlitions II, III, and IV). In this {
regard, analysis of each fault condition described is generally based on a conservative set of |
initial conditions corresponding to adverse conditions that can occur during Condition I J

operation.

| |
A typical list of Condition I events follows.

1
'

Steady State and Shutdown Operations

See Table 1.1-1 of Chapter 16. I

ownu3uscoto nousst95 Revision:
[ W85tiligh00S6 15.0-1 August 31,1995
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Operation with Permissible Deviations

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

Operation with components or systems out of service [such as an inoperable rod cluster=

control assembly (RCCA)]

Leakage from 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

Rese 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 III or IV events). In addition, Condition II events are not expected to result
in fuel rod failures, reactor coolant system failures, or secondary system overpressurization.
He 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)=

k.& uhmer
Inadvertent operation of the passive residual heat removal WSee Subsection 15.1.6)=

Revision: .msusowmoussios
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___

Loss of external electrical load (See Subsection 15.2.2).

Arbine 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)

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)

USW
Inadvertent operation of the {.=j;cageore cooling system during power operation (See. .

Subsection 15.5.1).

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 III: Infrequent Faults

Condition III events are faults which may occur infrequently during the life of the plant.
Bey may result in the failure of only a small fraction of the fuel rods. The release of
radioactivity is not sufficient to interrupt or restrict public use of those areas beyond the

owm3uar. no3-c53195 Revision: 3
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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).

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 15.4.7)

Inadvertent 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)

Gas 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)=

15.0.1.4 Condition IV: Limiting Faults

Condition IV events are faults that are not expected to take place but are postulated because
their consequences include the potential of the release of significant amounts of radioactive
material. They are the faults 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 to 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 fault:: nie 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 weev3sisoor nows 3i95
August 31,1995 15.0-4 W Westinghouse
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Reactor coolant pump shaft break (See Subsection 15.3.4).

Spectrum of rod cluster control assembly ejection accidents (See Subsection 15A.8).

Steam generator tube rupture (See Subsection 15.6.3)=

I.oss+f-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).

d 5.0.2 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
is 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 stability over the entire range of anticipated plant operating conditions. The
control system setpoints are developed using the nominal protection system setpoints which
are implemented in the plant. Where appropdate (such as in margin to reactor trip analyses),
instrumentation errors are considered and are applied in an tdverse 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 levels of power
operation.

The 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 pressurizer level.

h5.0.3 Plant Characteristics and Initial Conditions Assumed in the Accident Analyses

15.0.3.1 Design Plant Conditions

6.0 -I
Table klists 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 Q g

15.0.3.2 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

ow-ousooro.ao3-os3195 Revision: 3
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-

determined on a 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 12 pe t allowance for calorimetric error

Average reactor coolant 4-5'F allowance for con ="^' d=9rd rd
system (RCS) temperature controller deadband and measurement errors

Pressurizer pressure 250 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.

15.0.3.3 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 (FAl{) and the total peaking factor (F ). Unlessq
specifically noted otherwise, the peaking factors used in the accident analyses are those
presented in Chapter 4.

factor is important. The radial peaking factor increases with decreasing power level due to - p,D*M
For transients that may be departure from nucleate boiling (DNB) limited, the radial peaking

rod insertion. This increase in F }} is included in the core limits illustrated in Figure MA
Transients that may be departure from nucleate boiling limited are assumed to begin with an
F }{ consistent with the initial power level defined in the technical specifications.A

The axial power shape used in the departure from nucleatc boiling calculation is the 1.55 i

chopped cosine, as discussed in Subsection 4.4.4.3, for transients analyzed at full power and I
the most limiting power shape calculated or allowed for accidents initiated at nonfull power
or asymmetric rod cluster control assembly (RCCA) conditions. j

The radial and axial power distributions just described are input to the THINC code as ;

described in Subsection 4.4.4.5. |
|

i
!

Revision: 3 .wn3uscor.nos-c53t95 |
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For transients which may be overpower limited, the total peaking factor (F ) is important.g
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.

%

$ 15.0.4 Reactivity Coefficients Assumed in the Accident Analysis

ne transient response of the reactor system is dependent on reactivity feedback effects, in
particular the moderator tempertture coefficient and the Doppler power coefficient. Rese
reactivity coefficients are discussed in Subsection 4.3.2.3.

p.O.V g
in the analysis of certain events, conservatism requ' es the use oflarge reactivity coefficient
values. De values used are given in Figure , which shows the upper and lower bound
Doppler power coefficients as a function of power, used in the transient analysis. De
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.

v.[15.0.5 Rod Cluster Control Assembly Insertion Characteristics

he 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.

t$,0. O l
in Figure the curve 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. De
RCCA position versus time normalized to 2.4 seconds is also shown in Figure g)

o w m so m nos.o53195 Revision: 3
[ W85tillgt100S6 15.0-7 August 31,1995

._ __



==

15. Accident Analyses
___

The use of such a long insertion time provides conservative results for accidents and is
intended to apply to all types of rod cluster control assemblies which may be used throughout

,

plant life. Drop time testing requirements are specified in the technical specifications. |

15.0.5- A
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 i

unbalanced xenon distribution. His curve is used to compute the negative reactivity insenion ;

versus time following a reactor trip, which is input to the point kinetics core models used in ~

|
transient analyses. The bottom skewed power distribution itselfis not an input into the point
kinetics core model. i

t$.W !

There is inherent conservatism in the use of Figure tNin 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

# O.5 'I
shown in the curve, due to the more favorable axial distribution existing prior to trip.

15.c. 5-3
The normalized r cluster control assembly negative reactivity insenion versus time is st wn
in Figure . De curves shown in this figure were obtained from Figures and

@g#.45-5+. A total negative reactivity insertion following a trip of four percent Ak is assumedin the transient analyses except where specifically noted otherwise. His assumption is conser-
vative with respect to the calculated trip reactivity worth available as shown in Table 4.3-3.

m.c>.9-3
The normalized rod cluster control assembly negative reactivity i 6e~rtion versus time curve
for an axial power distribution skewed to the bottom (Figure 1954)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 qis used as code input.
15.0.5 -I-

15.0.6 Trip Points and Time Delays to Trip Assumed in Accident Analyses

A reactor trip signal acts to 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 various 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. De 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

gs , D.3-| |

16.0 4 |
1

Revision: 3 ow.m,3uscots nou53i95
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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 channel error and setpoint error. Nominal

trip setpoints are specified in the plant technical specifications. Dming plant startup tests @ i6
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.

5.0.7 Instrumentation Drift and Calorimetric Errors, Power Range Neutron Flux
_

The int'rumentation uncertainties and calorimetric uncertainties used in establishing the power
range hlA neutron flux setpoint are presented in Table -6

The calorimetric 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.

g 15.0.8 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 quality 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 q are available for
mitigation of the events discussed in Chapter 15. 15.0 *
In determining which :ystems are necessary to mitigate the effects of these postulated events,
the classification system of ANSI N18.2-1973 (Reference 1)is utilized. The design of safety
related systems (including pa otection systems)is consistent with IEEE Standard 379-1988 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.

:

|

|
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15.0.9 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.

15,0.10 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 IIcat 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 imponant for the neutron-dependent pan of
the heat generation, do not apply to the gamma ray contribution. The steady-state factor-ef-
07.4 pa=. 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 ganuna 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
0.95, 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 ftmetion of core
fluid conditions.

Revision: 3 .w.mmsme no3-os3195
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15.0.11 Computer Codes Utilized

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, ne codes used in the analyses of each transient are listed in Table 15.0-2.'

15.0.11.1 FACTRAN Computer Code

FACTRAN (Reference 5) calculates the transient temperature distribution in a cross section
of a metal clad UO fuel rod and the transient heat flux at the surface of the clad using as2
input the nuclear power and the time-dependent coolant parameters (pressure, flow, temper-
ature, and density). He 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.

Re necessary calculations to handle post-departure from nucleate boiling transients:*

film boiling heat transfer correlations, zircaloy-water reaction, and partial melting of the
materials. 4

FACTRAN is further discussed in Reference 5.

15.0.11.2 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. LOFIRAN |

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 j

safety valves are also considered in the program. Point model neutron kinetics, and reactivity |
effects of the moderator, fuel, boron, and rods are included. De secondary side of the steam ;

generator utilizes a homogeneous, saturated mixture for the thermal transients and a wateu !

level correlation for indication and control. The-reactor protectiontsystem is simulated to c)
include reactor trips on high neutron flux, overtemperature AT, high and low pressure, low |

flow, and high pressurizer level. Control systems are also simulated including rod control, j

steam dump, feedwater control, and pressurizer level and pressure control. The emergency
core cooling system, including the accumulators, is also modeled.

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

owm5oor..ao3-os3195 Revision: 3
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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 nucleate boiling ratio as
calculated for typical or thimble cell.

pW.W)
LOFTRAN is fmther discussed in Reference 6. gM

W c' W
The LO - code is modified to allow the simulation of the passiv residual heat removal

A-(PRHR) .em, core makeup tanks (CMT) and associated protection system actuation logic

A discussion of these models and additional validation is presented in Appendix 15( pFS

LOFTTR2 (Reference 8)is a modified 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 discussed
in Reference 8.

The LOFTTR2 code is modified to allow the simulation of the passive residual heat removal
NPRM") :grn, 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 15( %%ub
15.0.11.3 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 three dimensions. The code uses six delayed neutron groups and
contains a detailed multiregion fuel-clad-coolant heat transfer model for calculating pointwise
Doppler and moderator feedback effects. The code handles 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

cause n maior perturbation in the spatial neutron flux distributiog
GWINKLE is further described in Reference 7.

15.0.11.4 TIIINC Computer Code

The TIIINC code is descr: bed in fuection 4.4.4.5.

/5.o.11,5 QEST R WbW W
i
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g 15.0,12 Cornponent Failures j
!

15.0.12.1 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 complete the movement required to perform its -

function. This includes the failure of a remotely-operated valve to change position on
demand. The spurious, unintended movement of the valve is also considered as an active
failure. Failure of a 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. IIowever, when valves designed for single-phase flow are challenged with
two-phase flow, such as a steam generator or pressurizer safety valve, the filure to resgat 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-level 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 components
if specific design features or operating restrictions are provided that can preclude 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 error 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 multiple errors.

15.0.12.2 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
out 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.

.wm3usmr..no3-c53195 Revision: 3
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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 '

He most limiting single active failure (where one exists), as described in Section 3.1, of
safety-related equipment,is identified in each analysis description. He 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 he failure assumed in each analysis is listed in Table

15.0.13 Operator Actions
'

tw* \
For events where the PRHR symem.is actuated, the plant automatically cools down to the safe '

shutdown condition 1. Where a stabilized condition is reached automatically following a i

reactor trip, it is expected that the operator mapollowing event recognitioryy,take manual i
control and proceed with orderly shutdown of the reactor in accordance with the normal, I

abnormal or emergency operating procedures. He exact actions taken and the time at which 1

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 11 event.
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Table 15.0-1

NUCLEAR STEAM SUPPLY SYSTEM POWER RATINGS

Thermal power output (MWO 1940
Effective thermal power generated by the reactcw coolant pumps (MWO 7

Core thermal power (MWO 1933

.

!

!
,

1

|
4
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Table 15.0-2 (Sheet I of 4) p
>SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED g

3 N'g Reactivity Cnefficients Assumed y,
f >

:3. Initial Thermal Eh Computer Moderator Moderator Power Output j$ Sect- Codes Density Temperature Assumed a
3tion Faults Utilized (Ak/gm/cm ) (pcmrF) Doppler (MWt)

15.1 Increase in heat removal
from the primary system

Feedwater system mal- LOE RAN 0.374 -- Upper curve of 0 and 1940T
functions that result in an Figure 15.0.4-1
increre in feedwater
flow

Excessive increase in LOfTRAN 0.0 and -- Upper & lower 1940-

!* secondary steam flow 0.374 curves of Figure
[ 15.0.4-1
w

Inadvertent opering of a LOFTRAN Function of - See fubsection 0 (subcritical)
steam generator relief or moderator 15.1.4
safety valve density (see

figure 15.1.4-1)

g Steam system piping LOFTRAN, Function of -- See [ubsection 0 (suberitical)
*

"

failure THINC moderator 15.1.5
density (see.

6 figure 15.1.4-1)
h
* Inadvertent operation of LOFTRAN GM4- See - Upper curve 1940

the PRHR sLbsec.Hegg of Figure
yj 6. l. I,. O. } 15.0.4-1

E
E :e
" f'D

W d. .. .,

I
'

y1
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> |c Table 15.0-2 (Sheet 2 of 4)
E3 -

5h SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED
2 ?
*W Reactivity Coemclents Assumed
,

$'*f Initial Thermal
Computer Moderator Moderator Power Output-

b Sect- Codes Density Temperature Assumed

f 3tion Faults Utilized (Ak/gm/cm ) (pcm/*F) Doppler (MWt)
n

15.2 Decrease in heat removal

y by the secondary system

Loss of external electncal LOFTRAN 0.0 - Lower and 1940
load and/or turbine trip and upper curves of

0.374 Figure 15.0.4-1

Loss of nonemergency ac LOFTRAN 0.0 - lower curve of 1978.8a

power to the station Figure 15.0.4-1
auxiliaries

-

Loss of normal feedwater LOFTRAN 0.0 - Lower curve of 1978.8a

flow Figure 15.0.4-1

Feedwater system pipe LOFTRAN 0.374 - Lower curve of 1978.ga

break Figure 15.0.4-1

15.3 Decrease in reactor
coolant system flow rate

Partial and complete loss LOFTRAN, 0.0 - Lower curve of 1940

of forced reactor coolant FACTRAN, Figure 15.0.4-1
flow ~fHINe LSESTArR.

*

Reactor coolant pump LOFTRAN, 0.0 - Lower curve of 1978.88 g
g shaft seizure (locked FACTRAN Figure 15.0.4-1 g

rotor)g,. g
.
@p >
E il
g e

$*

.

I
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Table 15.0-2 (Sheet 3 of 4) p
>SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED ;;

Y Ng Reactivity Coemeients Assumed E
>

Initial Thermal ky Computer Moderator Moderator Power Output j
ce Sect- Codes Density Temperature Assumed "

3tion Faults Utilized (Ak/gm/cm ) (pcm/*F) Doppler (MWt)

15.4 Reactivity and power
distntution anomalies

Uncontrolled RCCA bank TWINKLE, - 0.0 Coefficient is 0
withdrawal from a sub- FACTRAN, consistent with a
critical or low power *IlflNC Doppler defect of
startup condition -0.67%Ak j

Uncontrolled RCCA bank LOFTRAN 0.0 - Upper & lower 10%,60% &
withdrawal at power and curws of 100% of 1940

.

I

0.374 Figure 15.0.41e

RCCA misalignment See NA - NA 1940
Section 4.3

Startup of an inactive LOFIRAN. 0.374 - Upper curve of 1358
reactor coolant pump at FACTRAN Figu: + 15.0.4-1

y an incorrect temperature THINC

i
g Chemical and volume con- NA NA - NA 0 and 1940
* trol system malfunction
h that results in a decrease

f in the boron concentration

@ in the reactor coolant

>5
5 Inadvertent loading and See NA - NA 1940

g {g
operation of a fuel Section 4.3

9 assembly in an improper
7 g, position

..

,

***
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> :C Table 15.0-2 (Sheet 4 of 4) 4
c: e I
M O
5 s. SUMMARY OF INITIA', CONDITIONS AND COMPUTER CODES USED .-

-

wE
~ w Heactivity Coefficients Assumed-

}9 Initial Thermal
en( Computer Moderator Moderator Power Output

3 Sect- Codes Density Temperature Assumed
3y tion Faults Utilized (Ak/gm/cm ) (pcm/*F) Doppler (MWt)

8
$ 15.4 Spectrum of RCCA ejec- TWINKLE, Refer to Sub- Refer to Coefficient 0 aral 1978.8a
g tion accidents FACTRAN section 15.4.8 subsection consistent with
g 15.4.8 a Doppler defect
3 of -0.67% AK at

BOC and -0.63%
AK at EOC

15.5 Increase in reactor coolant
inventory

inadvertent operation of LOFTRAN O - Upper & lower 1940
the emergency core cooling e cure of Firare

G system during power 0.374 15.0.4-1
ip operation
ta
O

15.6 Decrease in reactor
coolant inventory

inadvertent opening of a LOFIRAN 0.0 - Lower curve of 1940
pressuriter safety valve Figure 15.0.4-1
and inadvertent operation
of ADS

Steam generator tube LOI-TTR2 0.0 - Lower curve of 1978.8a
failure Figure 15.0.4-1

LOCAs resulting from NOTRUI.!P See Subsection - See Subsection 1971.7
the spectrum of post- WCOBRA/ 15.6.5 15.6.5 -
ulated piping breaks TRAC references references P
within the reactor >
coolant pressure Rh boundary {c.E it

a 102% of rated thermal power. >BOC - Beginning of Core Life g,
c: EOC - End of Core Life q-
N 5

.
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Table 15.0-3

NOMINAL VALUES OF PERTINENT PLANT PARAMETERS
UTILIZED IN ACCIDENT ANALYSES

RTDP With 10% Without RTDP (a)
Steam Generator
Tube Plugging Without Steam With 10% Steam

Generator Tube Generator Tube
Plugging Plugging

Thermal Output of NSSS (MWO 1940.0 1940.0 1940.0

Core Inlet Temperature ('F) 6M48 M.9 b 62&6 5'al,Q 6904 5323
Vessel Average Temperature (*F) $655 % 7.l.a 9622 W 9 5659 Stel b
Reactor Coolant System Pressure 2250.0 2250.0 2250.0
(psia)

*t.4%
Reactor Coolant Flow Per Loop % e9t&E+04 9.71 E+04 9:50 E+04
(GPM)

5.9 3 S.45 5,93
Steam Flow From NSSS (Ibm /hr) &44 E+06 e4+ E+06 6M4 E+06

Steam Pressure at Steam Genera- 77 M ~"I % .O ?M:0101.D -7W:9-M 9.D
tor Outlet (psia)

Maximum Steam Moisture Con- 9M 0. \ D G450.1D 9-M o. W
tent (%)

Assumed Feedwater Temperature 435.0 435.0 435.0
at Steam Generator lulet (*F)

Average Core lieat Flux 1.43 E+05 1.43 E+05 1.43 E+05
2(BTU /-br-ft )

a. Steady-state errors discussed in bsection 15.0.3 are added to these values to obtain initial conditions for
transient analyses.
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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
setting

Power range high neutron flux, low 35 % 0.5
setting

High neutron flux, P-8 84 % 0.5 |

Source range neutron flux NA 0.5

Overtemperature AT Variable (see Figure 15.0.3-1) 2.0

Overpower AT Variable (see Figure 15.0.3-1) 2.0

High pressurizer pressure 2460 psia 2.0

Low pressurizer pressure bgt t'00 ps;a 2.P

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
trip

.

gp psw (\W W O.D
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Table 15.0-5 (Sheet 1 of 2) |

DETERMINATION OF MAXIMUM POWER RANGE
NEUTRON FLUX CIIANNEL TRIP SETPOINT, BASED ON NOMINAL SETPOINT AND

INIIERENT INSTRUMENTATION UNCERTAINTIES
I

I
Nominal setpoint (% of rated power) 109

Calorimetric errors in the measurement of
secondary system thermal power: i

Effect on
Accuracy of Thermal Power
Measurement Determination

Va-Shle of Variable (% of Rated Power)

Feedwaar temperature 23.'F

Steam prnssure (small correction 6 psi
on enthalpf)

Feedwater flow 0.5% Delta-P
instrument span
(two channels per
steam generator)

Assumed calorimetric error 2.0 (a)*

Radial power distribution effects on 7.8 (b)*
total ion chamber current

Allowed mismatch between power range 2.0(c)*
neutron flux channel and calorimetric
measurement

owmv3u500fa R03-053195 RdSIOn: 3
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Table 15.0-5 (Sheet 2 of 2)

DETERMINATION OF MAXIMUM POWER RANGE
NEUTRON FLUX CIIANNEL TRIP SETPOINT, BASED ON NOMINAL SETPOINT AND

INIIERENT INSTRUMENTATION UNCERTAINTIES

Calorimetric errors in the measurement of
secondary system thermal power:

Effect on
Accuracy of Thermal Power
Measurement Determination

Variable of Variable (c4 of rated power)

Instrumentadon channel dnft *.r.d 0.4% of insuument 0.84(d)*
setpoint regvoducibility span (120% power

span)

Instrumentation channel 0.48(e)*
temperature effects

* Total assumed error in setpoint 18.4
(% of rated power): [(a)2 + (b)2 + (c)2 + (d)2 + (e)2jl/2

Maximum power range neutron flux trip setpoint 118
assuming a statistical combination of individual
uncertainties (% of rated power)

Revision: 3 w.mm3mt. novo 33i95
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Table 15.0-6 (Sheet 1 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT
AND ACCIDENT CONDITIONS

Reactor ESF
Trip Actuation ESF &

Incident Functions Functions Other Equipment

Section 454+ l%, \ I

Increase in heat removal
from the primary system

| Feedwater system mal- Power range high flux, High-2 steam generator Feedwater isolation
! functions that result in an overtemperature AT, level produced feed- valves
| increase in feedwater flow overpower AT, manual water isolation and tur-

bine trip

Exassive increase in Power range high flux, -- --

secondary steam flow overtemperature AT,
overpower AT, manual

Inadvertent opening of a Low pressurizer pressure, Low pressurizer pres- CMT, feedwater isola-
,

steam generator safety manual "S" sure, low Tcold, I.ow-2 tion valves, steam line|
'

valve pressurizer level stop valves

Steam system piping "S", low pressurizer pres- Low pressurizer pres- CMT, feedwater isola-
failure sure, manual sure, low compensated tion valves, main

steam line pressure, steam line isolation
High-1 containment valves (MSIVs), accu-
pressure, low Tcold, mulators
manual

Inadvertent operation of Overpower AT, power Low pressurizer pres- CMT
the PRHR range high neutron flux, sure, low Tcold I * W-2

low pressurizer pressure, pressurizer level
"S", manual

1

l
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Table 15.0-6 (Sheet 2 of 5) ;

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT
AND ACCIDENT CONDITIONS

Reador ESF
Trip Actuation ESF &

Incident Functions Functions Other Equipment

Section t%+ IS.O

Deacase in heat removal
by the secondary system

Loss of external High pressurizer pressure Pressurizer safety-

load / turbine 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,
iaries pressurizer pressure, high incident with low start- pressurizer safety

pressurizer level, manual up water flow, steam valves
generator low wide
range level

Loss of normal feedwater Steam generator low- Steam generator low PRHR, Steam genera-
flow narrow range level, high narrow range level co- tor safety valves,

pressurizer pressure, high incident with low start- pressurizer safety
pressurizer level, manual up water flow, steam valves

generator low wide
range level

Feedwater system pipe Steam generator low nar- Steam generator low PRHR, CMT, MSIVs,
break row range level, high wide range level, low feedline isolation,

pressurizer pressure, steam line pressure, pressurizer safety
manual High-1 containment valves, steam generator

pressure safety valves

Revision: 3 ewm,3usmr no3-c53i95
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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 H4+ 15 %

Decrease in reactor coolant
system flow rate

Partial and complete loss Low flow, underspeed, - Steam generator safety
of forced reactor coolant manual valves, pressurizer
flow safety valves

Reactor coolant pump Low flow, manual, high -- Pressurizer safety
(RCP) shaft seizure pressurizer pressure valves, steam generator
(locked rotor) safety valves

Section H44. I5.H

Reactivity and power f
distribution anomalies )
Uncontroued RCCA bank Power range high flux - -

withdrawal from a subcrit- (Iow setpoint), source
ical or low power startup range high flux,intermedi-
condition ate range high flux, manu-

al

Uncontrolled RCCA bank Power range high flux, -- Pressurizer safety )
withdrawal at power overtemperature AT, high valves, steam generator

pressurizer pressure, safety valves !

manual i
i

RCCA misalignment Overtemperature AT, -- -
'

manual

Startup of an huactive Power range high flux, - -
i
'

reactor coolant pump at an low flow (P-8 interlock),
incorrect temperature manual

.w,3uscor..nos.o53195 Revision: 3
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Table 15.0-6 (Sheet 4 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABI.E FOR TRANSIENT
AND ACCIDENT CONDITIONS

Reactor ESF
Trip Actuation ESF &

Incident Functions Functions Other Equipment

Section N(continued)

CVS malfunction that Source range high flux, Source range flux Low insenion limit
results in a decrease in ovenemperature AT, doubling annunciators
boron concentration in the manual
reactor coolant

Spectrum of RCCA ejec- Power range high flux, -- Pressurizer safety
tion accidents high positive flux rate, valves

manual

Section IS45-I5. 5

Increase in reactor coolant
inventory

inadvenent operation of High pressurizer pressure, High pressurizer level, CMT, Pressurizer

the ECCS during power manual, * safeguards" trip, low Tcold safety valves, CVS
operation high pressurizer level isolation, PRHR

Section 1546- I S. G

Decrease in reactor coolant
inventory

inadvertent opening of a Low pressurizer pressure, Low pressurizer pres- CMT, ADS, accumu-
pressurizer safety valve overtemperature AT, sure lator
or 6t$ manual

I
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Table 15.0-6 (Sheet 5 of 5)

PLANT SYSTEMS AND EQUIPMENT AVAILABLE FOR TRANSIENT
AND ACCIDENT CONDITIONS

Reactor ESF
Trip Actuation ESF &

Incident Functions Functions Other Equipment
,

Section N(continued)

Steam generator tube Low pressurizer pressure, Low pressurizer pres- CMT, PRHR, steam
rupture overtemperature AT, sure, high steam gener. generator safety and/or

safeguards ("S"), manual ator leve cd relief valves, MSIVs,

pg radiation monitors (air

psu.rt removal, steamline and
SG blowdown), startup
feedwater isola *Sn,

j

CVS pump isc~c. song i

LOCAs resulting from the Low pressurizer pressure, High-1 containment CMT, accumulator,
spectnun of postulated safeguards ("S"), manual pressure, low pressuriz- ADS, Steam generator
piping breaks within the er pressure safety and/or relief {
reactor coolant pressure valvesyW9.-

'

boundary
i
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Table 15.0-7 (Sheet I of 2)

SINGLE FAILURES ASSUMED IN ACCIDENT ANALYSES

Event Description Failure

Feedwater temperature reduction (a) .

Excessive feedwater flow One protection division

Excessive steam flow One protection division

inadvertent secondary depressurization One CMT discharge valve

Steam system piping failure One CMT discharge valve
"I*radvt.<an* cp<rs.mo c>k N WR cm pec> Her.r te>a cLMstein
Steam pressure regulator malfunction (b) .

Loss of external load One protection division

Turbine trip One protection division

inadvertent closure of main steam isolation One protection division
valve

Loss of condenser vacuum One protection division

Loss of ac power One PRHR discharge valve

Loss of normal feedwater One PRHR discharge valve

Feedwater system pipe break One PRHR discharge valve

Partial loss of forced reactor coolant flow One protection division

Complete loss of forced reactor coolant flow One protection division

Reactor coolant pump locked rotor One protection division

Reactor coolant pump shaft break One protection division i

Rod cluster control assembly (RCCA) bank One protection division ]
withdrawal from subcritical j

RCCA bank withdrawal at power One protection division )
i

Droy;nt RCCA, dropped RCCA bank One protection division |

Statically misaligned RCCA(C) ---

Single RCCA withdrawal One protection division

!
|

|
I
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Table 15.0-7 (Sheet 2 of 2)

SINGLE FAILURES ASSUMED IN ACCIDENT ANALYSES

Event Description Failure

inactive reactor coolant pump startup One protection division

Flow controller malfunction (b)

Uncontrolled boron dilution One protection division
'

improper fuel loading (c) .

RCCA ejection One protection division

inadvenent emergency core cooling system One protection division
operation at power

Increase in reactor coolant system inventory Ot.e protection division

Inadvertent reactor coolant system depressuri- One protection division
Zalion

Failure of small lines carrying primary coolant ---

outside contaimnent(C)

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
Large breaks One CMT discharge valve -

M 6- M O N PYO% C>nt_pr.WWm divl 5ico (dI* 4b

(a) No protection action required. one hk Sky W 6% M
(b) Not applicable to AP600. 3pD gg gq(c) No transient analysis.

1

i
|

|

|
l

|
i
i
|

|

|
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Figure 15.03-1

Illustration 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, Accident Analyses

15.1 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 am presented for the events 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; a reduction in feedwater temperature=

Feedwater system malfunctions causing an increase in feedwater flow=
,

| Excessive increase in secondary steam flow=

Inadvenent opening of a steam generator relief or safety valve=
,

'

Steam system piping failure=

Inadvenent operation of the passive residual heat removal +yeesm. hth em.e:.b.]d:r
.

The preceding events are Condition II 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 applicable
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 reponed only for that limiting case.

15.1.1 Feedwater System Malfunctions that Result in a Decrease in Feedwater Temperature

15.1.1.1 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 /ovenemperature protection (neutron
overpower, ovenemperature, 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 change is reduced as load and
feedwater flows decrease, so the no-load transient is less severe than the full-power case.

o barnveU50lfn.R03453195 Revision: 4
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.

The net effee .,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 Table 15-6.

15.1.1.2 Analysis of Effects and Consequences

15.1.1.2.1 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.

g,LJ15.1.1.2.2 Results

Isolation of a string of low- ressure feedwater heaters causes a reduction in feedwater
temperature that increases the :hermal load on the primary system. The calculated reduction
in feedwater temperature is - F, resulting 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.

15.1.1.3 Conclusions

The decrease in feedwater temperature transient is 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 evaluatia criteria for the decrease in feedwater temperature event are met.

!

I
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15, Accident Analyses

15.1.2 Feedwater System Malfunctions that Result in an Increase in Feedwater Flow

15.1.2.1 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 /ovenemperature protection (neutron
overpower, overtemperature, and overpower AT trips) prevents a power increase that leads to
a depanure 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 temperature 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 isolation valves and feedwater control valves and
trips the turbine, main feedwater pumps, and wc- dp cr. :u. Lum a,y.

l M(:5 B4. (tondt
7

An increase in normal feedwater flow is classified as a Condition 11 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.

15.1.2.2 Analysis of Effects and Consequences

15.1.2.2.1 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
variables 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 open ng of one feedwater control valve with the reactor just critical at zero-*

load conditions

owanev4sisonomo3453i95 Revision: 4
T Westklghouse 15.1-3 August 31,1995

i

!

|

_ _ _ _ _



i.

15. Accident Analyses
7

.

!

I
!

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 i

following assumptions: !

i
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

No credit 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 main feedwater pumps, and trips the turbine

Plant characteristics and initial conditions are further discussed in Subsection 15.3. o

Normal reactor control systems are not required to function. The reactor protecti system
may function to trip the reactor because of overpower or High-2 steam generator 'ater level
conditions. No single active failure prevents operation of thevaarder protection system. A
discussion of anticipated transients without trip considerations is presented in Section 15.8.

15.1.2.2.2 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 is less than
the maximum reactivity insertion rate analyzed in Subsection 15.4.1 for an uncontrolled rod
cluster control assembly bank withdrawal from a suberitical 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 slightly less severe transient.

Revision: 4 o w.=v41:30 rono3453i95
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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 during 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 ofits 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
during the excessive feedwater flow incident. Thus, the ability of the primary coolant to
remove heat from the fuel rods are not reduced. The fuel clac' ding 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.

15.1.2.3 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 subesitical condition analysis. See Subsection 15.4.1.

15.1.3 Excessive Increase in Secondary Steam Flow

15.1.3.1 Identification of Causes and Accident Description y
An excessive increase in secondary system steam ow (excessive load increase incident) is
a rapid increase in steam flow that causes a pow r 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 to 100 percent full power. Any loading rate in excess of these values may cause a reactor
trip actuated by the spastor, protection system. Steam flow increases greater than 10 percent
are analyzed in Subsections 15.1.4 an 15.1.5.

dS N t+cAht>rhv.-
u 0
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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 is, 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
protection 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.

15.1.3.2 Analysis of EtTer.ts and Consequences -

15.1.3.2.1 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 variables including tempemtures, 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 results in the largest
amount of reactivity feedback due to changes in coolant temperature. For the cases with
automatic rod control, no credit is taken 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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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 limi DNBR as described in Reference 2. Plant characteristics and initial conditions aret

further discussed in Subsection 15.3

Normal reactor control s stems and en% N6' W%
,

g Sof
gineered safety systems are not required to function.

The reacter protection system is assumed 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 reac4er protection system from rforming its intended function.

87 b % O Q
-

15.1.3.2.2 Results

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 incrases 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 boiling ratio remains above the safety analysis limit.

Rgures 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.

For the cases analyzed the plant power stabilizes at scu: pesmed pow \tetAon w
10 p:=* d " -^"x! =!;w

h; :h; :=;,.J mmuumu LJ' ed an ' .--4 wi *=? b .ua Juo m. m .c. Sag nev

equi!!b i r m..Ja mu. 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
equilibram condition at a higher power level corresponding te, the increase in steam flow.

Since departure from nucleate boiling does not occur at any t me during the excessive loadi

increase transients, the capability of the primary coolant to retrove heat from the fuel rod is
not reduced. Thus, the fuel cladding temperature does not rise significantly 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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T Westingh00Se 15.1-7 August 31,1995



,

_ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -

L

a-

15. Accident Analyses

15.1.3.3 Conclusions

The analysis just presented above shows that for a 10 percent step load increase the departurei

! from nucleate boiling ratio remains above the safety analysis limit. The design basis for
I departure from nucleate boiling ratio is described in Section 4.4. The plant rapidly reaches
| a stabilized condition following the load increase.

15.1.4 Inadvertent Opening of a Steam Generator Relief or Safety Valve

15.1.4.1 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, relief, 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 ,

insertion of positive reactivity. |

The analysis is performed to demonstrate that the following SRP Section 15.1.4 evaluation
criterion is satisfied:

Assuming the most reactive stuck rod cluster control assembly (RCCA), with offsite power
available, and assuming a single failure in the engineered safety features (ESP) 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 depressurization of the secondary system is classified as a Condition Il event as
described in Subsection 15.1.

The 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 Tcold signals in any one loop
- Two out of four low steam line pressure signals in any one loop

Revision: 4 si.nev4t:30iro no3-o3319s
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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

ledundant isolation of the main feedwater lines=

r
Tustained high feedwater flow causes additional cooldown. Therefore, in addition to the'

L 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

jps the main feedwater pumps.

Redundant isolation of the startup feedwater system-

Sustained high startup feedwater flow causes additional cooldown. Therefore, the low
Tcold 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 lew steam line pressure signals in any one loop (above permissive
P-1I)

- 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 % and listed in Table 16T
p.O .% 6 D'O

15.1.4.2 Analysis of Effects and Consequences

15.1.4.2.1 Method of AnalysG

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

A full plant digital computer simulation using the LOFFRAN 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 assembly stuck in its fully withdrawn position. Operation of
rod cluster control assembly mechanical shim and axial offset banks during core burnup
is restricted by the insertion limits so that shutdown margin requirements are satisfied

o ksamv4\l50lin R03-053195 Revision: 4
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-

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
variation of the coefficient with temperature and pressure is included. The k rre
(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 ms.ss flow. The feedback calculations performed in LOFTRAN
are discussed further in Subsection 15.1.5.2.1

.

Minimum capability for injection of boric acid solution rresponding to the most*

restrictive single failure in the passive core cooling syste jo -concentration boric acid
must be swept from the core makeup tank lines downstre of isolation valves before
delivery of boric acid (M00, ppm) to the reactor coolant loops. This effect has been
accounted for ir, the analysis \ 34CC

g ac)
The case studied is a steam flow of 598Ipounds per second at 1200 psia with offsite*

power available. This conservatively models the maximum capacity of any single steam
dump, relief, or safety valve. Initial hot shutdown conditions at time 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 is higher than at no-load and there is appreciable energy
stored in the fuel. Thus, the additional stored energy is removed .ia de cooldown caused by
the steam release before the no-load conditions of reactor coolant s3 stem 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
occurring at power.

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

Perfect nioisture separation in the steam generator*

Offsite pcwer 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

Revision: 4 .wnn4usonao3esms
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15.1.4.2.2 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.

"Pb
Figures 15.1.4-2 through 15.1.4-13 show the transient results for a steam flow of 5 unds
per second at 1200 psia.

.

The assumed steam release 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
umps are initiated automatically by low pressurizer pressure safeguard signal. Boron solution

at ppm enters the reactor coolant system, pmviding enough negative reactivity to prevent.

core damage. Later in the transient, as the reactor coolant pressure continues to fall, the
accumulators actuate and inject boron solution at4900 ppm.

I woo
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 is 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 time sequence of events for this accident is listed in Table 15.1.2-1.

15.1.4.3 Margin to Critkal Heat Flux

arture from nucleate boiling analysis ormed for the :r=. gnem piping f^.iba-
m.. shect!cr 15.1.5.2.-S b=r? % m6 '- inadvertent opening of a steam generator
relief or safety valve. Thath..J% 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.

15.1.4.4 Conclusions

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 Identification of Causes and Accident Description

The steam release arising 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

o \uanev4\l50tfn R03-053195 Revision: 4
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pressure. In the presence of a negative moderator temperature coefficient, the cooldown
results in an inserion of p>sitive reactivity.

If the most reactive rod cluster control assembly is assumed stuck in its fully withdrawn
position after reactor trip, there is an increased possibility that the core becomes critical and
returns to power. A retum to power following a steam line mpture 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 is 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 asis is not exceeded for any rupture, assuming the most reactive
assen'uly stuck in its fully withdrawn position. The departure from nucleate boiling ratio
design basis is 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 system pipe breaks are classified as Condition III events, as
described in Subsection Wi-3-

is.o. i. s
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 signals in any loop
- Two out of four low Tcold signals in any one loop

Revisiom 4 .S rrev4sisoivanoso53i95
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- 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 isolation of the main feedwater lines=

{ lustained high feedwater flow causes additional cooldown. Therefore, in addition to the

L 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
feedwater pumps.

Redundant isolation of the startup feedwater system=

-I

Nustained high startup feedwater flow causes additional cooldown. Therefore, the low Teold
]ignal 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 pn:ssure rates in any one loop (below-

permissive P-ll)

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.

.w4usoirao3.ossi95 Revision: 4
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15.1.5.2 Analysis of Effects and Cc,nsequences

15.1.5.2.1 Method of Analysis

The analysis of the steam pipe rupture is performed to determine the following:

The core heat flux and reactor coolant system temperature and pressure resulting from.

the cooldown 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.

thermal and hydraulic digital computer cede. 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, equilibrium 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 is restricted by
the insertion limits so that shutdown margin requirements are satisfied.

A 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 variation
of the coefficient with temperature and pressure has been included. The k rte
(considering moderator temperature and density effects) versus temperature at 1000 psia
corresponcing 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 verify 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 detailed core analysis with the LOFTRAN predictions
verify 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 ponions of the passive core cooling system used in mitigating a steam line 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 assumptias 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 immedia:e reactor coolant pump coastdown at
the initiation of the transient. This reduces the severity of the reactor coelant
system cooldown by reducing primary-to-secondary heat transfer. The lessening of
the cooldown, in turn, mduces 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. Themfore, the analysis performed with offsite
power and continued reactor coolant pump operation actually minimizes the rate of
boron injection into the core ar'i is conservative.

- In recognition 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 assembly 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. j
The power peaking factors account for the effect of the local void in the region of the j
stuck rod cluster control assembly during the return to power phase following the steam i

,
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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 coolant system contains more stored energy taan 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(IJD) = 0 is used.

Perfect moisture separation in the steam generator.*

Maximum cold startup feedwater flow plus nominal 100 percent main feedwater flow.*

Four reactor coolent pumps are initially operating.*

Manual actuation of the passive residual heat removal system at time zero is-

conservatively assumed to maximize the cooldown.

15.1.5.2.2 Results

' Die 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 jus described occur simultaneously.

15.1.5.2.3 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. |
1

Offsite power is assumed available so that, initially, full reactor coolant flow exists. During l
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 |

|

i
Revision: 4 esiane,4tisoir nows 3i95 I
August 31,1995 15.1-16 W Westinghotise !

!
-

4



w
15. Accident Analyses

assumes an uncontrolled steam release from only one steam generator. Steam release from
more than one steam generator is prevented by automatic tiip of the fast-acting main steam
isolation valves in the 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 re "cr S .ngYs xl|
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.

3510 6
As shown in Figure 15.1.5-3, the core at 'ns criticality with the rod cluster control assemblies
inserted (with the design shutdown as ' ming the most reactive rod cluster control assembly -

stuck) before boron solution at ppm (from core makeup tanks) or 4900 ppm (from
accumulators) enters the reactor coolant system. A peak core power signifcantly lower than
the nominal full-power value is attained. \g
The calculation assumeu +at the boric acid is mixed with and diluted by the water flowing
in the reactor coolant system 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 levelevee #

[# approach the setpoint for actuation of the automatic depressurization system. The combination
ofinjection 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.
W \ @f n fug)
'Ihe 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 exchangerIto the in-con in ent r fueli ater storage tank (IRWST). Normally the
passive residual heat removal Tactua e automatically 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 spam is conservatively actuated at time zero to maximize the
cooldown. W .c,yc b g

15.1.5.2.4 Margin to Critical Ifeat 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 actuationg

eparture from nucleate boiling analysis is performed using limiting assumptions that bound
those of Subsection 15.1.5.2.2. Specmce!!y, 6 dercurc frora r.;&;t b ;;;u3 :na:g.5
Con:.c Z 7CIf a;;Urnc.; [U!! N20*w w vi.ud alun duvub ' N'E h"** CE* ^ AAL3 "*UA iA M=

:s pov.cr:. p + d % due m 3c.
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f
k arc.=2,ynder the low flow (natural circulation) cond' ons actually present in the AP600
transient, the retum to power is severely limited by the ge negative feedback due to flow
and power. The results of the bounding, E!? 5 :::.:Jdemonstrate that the depanure from
nucleate boiling design basis, as described in Section 4.4, is met for the steam system piping
failure event.

15.1.5.3 Conclusions

The analysis shows that the departure from nucleate boiling design basis is met for the steam
system piping failure event. Depanure from nucleate boiling and possible clad perforation
following a steam pipe rupture are not precluded by the criteria. The preceding analysis

| shows that no depanure from nucleate boiling occurs for the rupture assuming the most reac- i

| 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.

15.1.5.4 Radiological Consequences )
i

I

stagzkten 15. l .5. t 4 [b
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At no time during the analyzed steam line break event does the core eup tank level ve h |
'

non-LOCA events, the cost
the setpoint for actuation of the automanc depressurization. During
makeup tanks remain filled with water. The volume of injection flow leaving the core makeup tank is

offset by an equal volume of recirculation flow that enters the core makeup tanks via thexact
reactor coolant system cold leg balance lines.
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L

15.1.6 Inadvertent Operation of the Passive Residual Heat Removal 6petem ME4Y

15.1.6.1 Identification of Causes and Accident Description

r
The inadvenent 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, ovenemperature, and overpower AT trips) 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. So the RCS continues to cool down and depressurize. The safety injection
Iow pressurizer pressure setpoint actuates the core makeup tank and brings the plant to a

.

& stable condition, 91 ba* W
|

(ha.taust*
The inadvertent actuation of the passive residual heat removal system could be caused by

r a false actuating signal. Actuation of the passive residual heat removalo rato e r

. invo 'es opening the isolation valves, which establishes a flow path from one reactor
coolant system hot leg, through the passive residual heat removal e,wem heat exchanger ;, and

back into the associated steam generator cold leg plenum. g

15
The passive residual heat removal Mheat exchange a located above the core to
promote natural circulation flow when the reactor coolant pumps are not operating.gg,,
reactor coolant pumps in operation, flow through the passivega,lgegrgoval

,

i

enhanced. The heat sink for the passive residual heat Gyemi is provided'$y e: -

g containment reQdyal water stora e tank, in which the passive residual heat re oval p
geW<'et ad submergedi Since the passive residual removal eywem is conn ted to

7Y, f only one reactor coolant system loop, the cooldown resultinj from its actuation is asymmetric '

( with respect to the core.
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15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Heat Exchanger '

I

Replacement A j

1he 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 ratio 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 pressurizer pressure functions could generate a reactor trip. These

,
,

i

protection functions do not terminate operation of the passive residual heat removal heat
exchanger.

hasert1

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 hest exchanger is significantly colder than
the reactor coolant system fluid. Following this initial insurge, the reduction in cold leg
temperature is limited by the cooling capability of the passive residual heat removal heat
exchanger.
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15. A'ccident Analyses

y* 1

fT;m mg.iu. of :e!2ti=!y c!d =:;r miu i;~ muc;cr cee! _ ' eyctam producau-iceamiy !d
-insc.1icn in 'ha pra nr ef: ep!! /: med&-'av-''"dn actuation with the plant at no-

efr:dcr.: -The response of the ;

plant to an inadvertent passive residual heat removal erst ;

load conditions is bounded by the analyses performed for the inadvertent opening of a steam
generator relief or safety valve event (Subsection 15.1.4) and the steam system piping failure :

event (Subsection 15.1.5) Both of e e events are conservatively analyzed assuming passive
residualheatremoval -

tuation coincident with the steam line depressurization. There-
fore, only the response of the plant to an inadvenent passive residual heat removal system-
initiation with the core at power is considered here. 3 g

~

The inadvertent actuation of the passive residual heat remov wy+teseve is a Condition II
event, a fault of moderate frequency. Plant systems and e ipment available to mitigate the
effects of the accident are discussed in Subsection and listed in Table The

following reactor protection syggnctions rovide protection in the event of an ina ertent
passive residual heat removal symm actua io # gandow.

(S.()-LW
The overpower reactor trips (neutron flux and AT)*

Two out of four low pressurizer pressure signals*

Two out of four low Tcold 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

/ dW
The excessive heat removal due to an inadvertent paysfve residual heat removal
actuation transient is analyzed by using the b.;kd @ computer code LOITRAN (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 variables including temperatures, pressures, and power level.

The system is analyzed to demonstra plant behavior in the event of an inadvenent passive
residual heat removal %ac ua on due to an operator error or a false ac uation si- al the
opens the valves that normally isolate the passive residual heat removal rom

remainder of the reactor coolant system. Both full power and zero-load conditions Qg
be considered. hmr ee inn-d cad;c6,t,he analyses for the inadvenent opening of a
steam generator relief or safety valve event (Subsection 15.1.4) and the steam system piping

failure event (Subsectyon 15.1. ) boun the results for the zero-power inadvenent passiveNresidual heat removal sywun ac uati n transient.

The case conside he 's the response of the plant to an inadvenent passive insidual heat
removal . initiati n with the core initially operating at full power. The reactivity

Qns rti tran nt arising from the inadvenent actuation of the passive residual heat removal -

Mis c ulated including the following-Me assumptions: /

otsanev4\l50!fn.R03-053195 Resision: 4
[ W85tillgh00Se 15.1-21 August 31,1995



-______ - __-__

15. Accident Analyses

1

With the core at full power, the inadvenent passive residual heat removalh.

actuation occurs at 10 seconds. The LOFTRAN ode ex icitly models the performance |

of the passive residual heat removal - e resulting cooldown transient
experienced by the reactor coolant system.

r"
'

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

f

| This includes the ute 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.

3

The reactor trip on high neutron flux is conservatively ignored. Instead, the=

ovenemperature and overpower AT trips are the only overpower /overtemperature

t protection functions which are credited in the analysis. |

VetWAN/Vr % (AuPod
No credit is taken for the heat capacity of the reactor coolant system and steam generator=

thick metal in attenuating the resulting plant cooldown. '

- Cum .... kap ::e anav.. m.-- w.e es; cf femi Ic : pr=&er !:vc! :nd 10 panuda,.

pxnux ofe.i J;;ni a =&!edr

Control systems are assumed to function only if their operation result in more severe*

accident results. For the inadvertent passive residual heat removal a'cDI
event, both cases with and without automatic rod control are mahd

Cccne.NAttd
Plant characteristics and initial conditions are further discussed in Subsection 15.0.3. No
single active failure prevents operation of the reactor protection syste A discussion of
anticipated transients without scram considerations is presented in Section 5.8.

15.1.6.2.2 Results

The system responses to an inadvertent passive residual heat removal %
power event, with manual rod control, are shown in Figures 15.1.6-1 through 15.1.6-g The
full-power case with manual rod control results in the greatest power increase. Ab uuuAtC. b wgg %
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 depanure from nucleate boiling
ratio does not drop below the limit value.
WFA

following the reactor trip, core makeup tanks are actuated and reactor coolant pumps are
tripped on a low pressurizer level signal. The plant reaches a safe and stable condition.
Standard plant shutdown procedures may then be followed to further cool down the plant or

_ return to power operation.
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15.1.6 Inadvertent Operation of the Passive Residual Heat Removal Heat Exchanger
. . l
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.

IThe core properties used in the LOFTRAN Code for feedback calculations are
'

generated by combining those in the sector nearest the loop with the passive residuai <
.

heat removal system with those associated with the remaining sector. The resultant i

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 confirmed by comparison with detailed core analysis for g

the limiting conditions of the cases considered. This core analysis explicitly models
the hypothetical core configuration (i.e., 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 LOFIRAN
predictions verify the overall conservatism of the methodology. That is, the specific
power, temperature, and flow conditions used to perfonn 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 plaat 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. ;

- - _ _ - - - _ _ _ _ _ _ _ - _ -
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15. Accident Analyses

%sk WSince the power level rises during the inadvenent passive residual heat removal ,,pic.
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 temperatme.

kc * 'C1
The transient results show that departure from nucleate b[ng does not occur at any time
during the inadvertent passivc residual heat removal systemactuation 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. -

MSect- % 6\td %
15.1.6.3 Conclusions

The results of the analysis show that the departure from nucleate ng ratios encounteredg
for an inadvertent actuation of the passive residual heat removal syeeewrat 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 removal %"
actuation initiated from zero load conditions are bounded by the inadvertent opening of a
steam ger.:rator relief or safety valve event (Sbsection 15.1.4) and the steam system piping
failure event (Subsection 15.1.5).

r
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15. Accident Analyses

Table 15.1.21 (Sheet 1 of 3)

TIhfE SEQUENCE OF EVENTS FOR INCIDENTS THAT
RESULT IN AN INCREASE IN IIEAT REh10 VAL FROh!

TIIE PRIh1ARY SYSTEh!

Accident Event Time (s)

Feedwater system mal- One main feedwater control valve fails fully open 0.0
functions that result in an
increase in feedwater flow Minimum DNBR occurs 565 65 Nbl(

Turbine trip /feedwater isolation on(team generator 2977- N D i

level ,

i

Reactor trip on :=ti:: :!p sh pt ium7$430.0

Feedwater isolation 3994- 4 V D

Excessive increase in -

secondary steam

1. Manual reactor con. 10 percent step load increase 0.0
trol (minimum
moderator feedback) Equilibrium conditions reached (approximate tirne 660- SD,

only)
i

2. Manual reactor con- 10 percent step load increase 0.0
trol (maximum mod-
erator feedback) Equilibrium conditions reached (approximate time % ~1 C).

only)

3. Automatic reactor 10 percent step load increase 0.0
control (minimum
moderator feedback) Equilibrium conditions reached (approximate time 89.\ 9 0.

only)

4. Automatic reactor 10 percent s:ep load increase 0.0
control (maximum
moderator feedback) Equilibrium conditions reached (approximate time 49- %D.

only)

l
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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

p among the design overpower transients considered in Subsection 4.3. The conservative safety -

-

analysis assumptions applied to this event do not credit a reactor trip to preclude the core
power from rising 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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15. Accident Analyses '

n- )

Table 15.1.2-1 (Sheet 2 of 3)

TIME SEQUENCE OF EVENTS FOR INCIDENTS THAT
'

RESULT IN AN INCREASE IN HEAT REMOVAL FROM
THE PRIMARY SYSTEM

Accident Event Time (s)

Inadvenent opening of a Inadvertent opening of one main steam safety or 0
steam generator relief or relief valve
safety valve

Criticality attained 91-4-gl,.t.|

Safeguards actuation signal on safeguards low "T4 -93 & 1 M * O
ac- u . ne,cene,

Core makeup tank wmtion 4M-& \let.O

Boron reaches core t6tt Il(c)
Steam system piping fail- Steam line ruptures 0
ure

Safeguards actuation signal on safeguards low 0.8
steam line pressure

Pressurizer empty t% 6. Is

Criticality attained Gee 14ls

Boron reaches core -4%& 31.C)

,
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15. Accident Analyses
En --

Table 15.1.2-1 (Sheet 3 of 3)

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

TIIE PRIMARY SYSTEM

Accident Event Thne(s)

Inadvertent operation of Inadvertent actuation of the PRIIR 10.0
~

the PRIIR
Rip .muuvu I' a =rie 'd;, x;yvun mimd- -(te--

4..a. . 4 !;ne :d)---

0. .yvo u di uig omiyuua .vavimd i6.9

Guauor inp (roa muuuu) vvuuis io.; --

2N
Minimum DNBR occurs 99-9-

.Lv.- ,.. c: -:- 1-tet <rtnnine ree4-d ; 0.0

en nuk-y aui aumi6on 107 '

E - Q::47 M'44co (i.Gc.kA
gid 6%ot\M \c0

1

.

|
|
|
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Table 15.1.5-1
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15. Accident Analyses

Table 15.1.5-2 i
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15. Accident Analyses

i

Table 15.1.5-3

!
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15. Accident Analyses
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Figure 15.1.2-1

Feedwater Control Valve Malfunction Nuclear Power
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Figure 15.1.3-1

Nuclear Power (Fraction of Nominal) vs. Time for 10 Percent Step Load
Increase, Manual Control and Minirnum Moderator Feedback
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Pressurizer Pressure (psia)
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Figure 15.1.3-2

Pressurizer Pressure (psia) vs. Time for 10 Percent Step Load
Increase, Manual Control and Minimum Moderator Feedback
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Core Average Temperature (*F) vs. Time for 10 Percent Step Load
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15. Accident Analyses
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Pressurizer Pressure (psla) vs. Time for 10 Percent Step Load
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15. Accident Analyses
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15. Accident Analyses
m-

G. &
&V

Pressur i zer Water Vo l ume (Cub i c Feet)
~

1700

1600 -

1500 -

1400 -

1300 -

1200 -

1100 -

1000 A

900 -

800 -

I ' I I700 .

0 200 400 600 800 1000 1200

Time (Sec)

Figure 15.1.3-18
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Figure 15.1.4-1 Steam Line Break Events
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15. Accident Analyses
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Figure 15.1.4-2

Nuclear Power Transient
Inadvertent Opening of a Steam Generator Relief or Safety Valve
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Figure 15.1.4-2 Steam Line Break Events
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Figure 15.1.4-3 Steam Line Break Events
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Reactivity Transient
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15. Accident Analyses
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Figure 15.1.4-5 Steam Line Break Events 1
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15. Accident Analyses
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15. Accident Analyses
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Figure 15.1.4-7 Steam Line Break Events ;
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Figure 15.1.4-8 Steam Line Break Events J
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15. Accident Analyses
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15. Accident Analyses
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Figure 15.1.4-10 Steam Line Break Events
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15. Accident Analyses
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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 Line Break Events ')
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15. Accident Analyses
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15. Accident Analyses
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Figure 15.1.5-2 Steam System Piping Failure ;
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15. Accident Analyses

e
1

I

.

Reactivity (pcm)

3000

2000 -

1000 -

0 --

-1000

-2000 -

I I I I I I-3000 .

0 100 200 300 400 500 600 700

T i me ( Sec)

b

Figure 15.1.5-3

Reactivity Transient Steam System Piping Failure
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Figure 15.1.5-3 Steam System Piping Failure
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15. Accident Analyses
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Figure 15.1.5-4 Steam System Piping Failure
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15. Accident Analyses
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Figure 15.1.5-5 Steam System Piping Failure
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15. Accident Analyses
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Figure 15.1.5-6
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Figure 15.1.5-6 Steam System Piping Failure
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15. Accident Analyses .
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Figure 15.1.5-8 Steam System Piping Failure
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15. Accident Analyses .
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Feedwater Flow Transient Steam System Piping Failure
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Figure 15.1.5-9 Steam System Piping Failure
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15. Accident Analyses
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Figure 15.1.5-10

Core Boron Transient Steam System Piping Failure
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Figure 15.1.5-10 Steam System Piping Failure
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15. Accident Analyses
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Steam Pressure Transient Steam System Piping Failure ;
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Figure 15.1.5-11 Steam System Piping Failure ;
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15. Accident Analyses
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Figure 15.1.5-12 Steam System Piping Failure
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Figure 15.1.5-13 Steam System Piping Failure :
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15. Accident Analyses .
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Core Makeup Tank Water Volume Steam System Piping Failure
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Figure 15.1.5-14 Steam System Piping Failure
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!

l

|

15.2 Decrease in Heat Removal by the Secondary System |

A number of transients and accidents are postulated which could result in a reduction of the
capacity of the secondary system to remove heat generated in the reactor coolant system.
Detailed analyses are presented in this section for the following events which are identified
as more limiting than the others:

Steam pressure regulator malfunction or failure that results in decreasing steam flow*

Loss of external electrical load=

Turbine trip*

Inadvertent closure of main steam isolation valves*

Loss of condenser vacuum and other events resulting in turbine trip*

Loss of ac power to the station auxiliaries*

Loss of normal feedwater flow*

Feedwater system pipe break*

The above items are considered to be Condition II events, with the exception of a feedwater
system pipe break, which is considered to be a Condition IV event.

"Ihe radiological consequences of the accidents in this section are bounded by the radiological
consequences of a main steam line break (See Subsection 15.1.5).

15.2.1 Steam Pressure Regulakr Malfunction or Failt e that Results in Diereasing Steamflow

There are no steam pressure regulators in the AP600 whose failure or malfunction cause a
steamflow transient.

15.2.2 Loss of External Electrical Load

15.2.2.1 Identification of Causes and Accident Description

A major load loss on the plant can result from loss of electrical load due to some electrical
system disturbance. Offsite ac power remains available to operate plant components, such
as the reactor coolant pumps; as a result, the standby onsite diesel generators do not function
for this event. Following the loss of generator load, an immediate fast closure of the turbine
control valves occms. 'Ihe automatic turbine bypass system accommodates the excess steam
generation. Reactoi coolant temperatures and pressure do not significantly increase if the
turbine bypass systen. and pressurizer pressure control system are functioning properly. If the
condenser is not available, the excess steam generation is relieved to the atmosphere.
Additionally, main feedwater flow is lost if the condenser is not available. For this situation,
feedwater flow is maintained by the startup feedwater system.

For a loss of electrical load without subsequent turbine trip, no direct reactor trip signal is
generated, and the plant is expected to trip from the reactor protection system if a safety limit

Revision: #how=.ou 5c2r..nosu53195

3 WBStingh0US8 15.2-1 August 31,1995
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15. Accident Analyses
_.

is approached. A continued steam load of approximately five percent exists after total loss
of external electrical load, because of the steam demand of plant auxiliaries.

In the event that a safety limit is approached, protection is provided by high pressurizer
pressure, high pressurizer water level, and overtemperature AT trip. Voltage and frequency
relays associated with the reactor coolant pump provide no additional safety function for this
event. Following a complete loss of external electrical load, the maximum turbine overspeed
=uM L oppvumaici, ;11 giccni,ic.m!S;; h - ~;edeq==y of k ;1m G711z (111%
e M L)--E :Las c cedeq==y is not expected to damage the voltage and frequency -

sensors. Any degradation in their performance is ascertain 3p at that time. Any increased
frequency to the reactor coolant pump motors results in&s ghtly increased flow rate and
subsequent additional margin to safety limits. For postulated loss of load and subsequent
turbine-generator overspeed, the overfrequency condition is not seen by the reactor protection
system equipment, or other safety-related loads. Safety-related loads and the reactor
protection system equipment are supplied from the 120-volt ac instrument power supply
system, which, in turn, is supplied from the inverters. The inverters are supplied from a dc
bus energized from batteries or by a regulated ac voltage.

In the event that the steam dump valves fail to open following a large loss of load, the steam
generator safety valves may lift and the reactor may be tripped by the high pressurizer
pressure signal, the high pressurizer water level signal or the overtemperature AT signal. He
steam generator shell side pressure and reactor coolant temperature increase rapidly. The
pressurizer safety valves and steam generator safety valves are, however, sized to protect the
reactor coolant system (RCS) and steam generator against overpressure for load losses,
without assuming the operation of the turbine bypass system, pressurizer spray, or automatic
RCCA control.

The steam generator safety valve capacity is sized to remove the steam flow at the guaranteed
nuclear steam supply system thermal rating from the steam generator, without exceeding 110
percent of the steam system design pressure. The pressurizer safety valve capacity is sized
to accommodate a complete loss of heat sink with the plant initially operating at the maximum
turbine load along with operation of the steam generator safety valves. The pressurizer safety
valves are then able to relieve sufficient steam to maintain the reactor coolant system pressure

'

within 110 percent of the reactor coolant system design pressure.

A more complete discussion of overpressure protection can be found in Reference 1.

A loss of external load is classified as a Condition II event, fault of moderate frequency.

A loss-of-external-load event results in a plant transient that is bounded by the turbine trip
event analyzed in Subsection 15.2.3. Therefore, a detailed transient analysis is not presented
for the loss-of-external-load event.

The primary side transient is caused by a decrease in heat transfer capability from primary to ,

"

secondary due to a rapid termination of steam flow to the turbine, accompanied by an
automatic reduction of feedwater flow. (Should feedwater flow not be reduced, a larger heat ;

|
l
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sink is available and the transient is less severe.) Reduction of steam flow to the turbine

3 following a loss of external load occurs due to automatic fast closure of the turbine control

J valves. Following a turbine trip event, termination of steam flow occurs via turbine stop
valve closure, which occurs in approximately 0.15 seconds. The transient in primary pressure,
temperature, and water volume is less severe for the loss of external load than for the turbine-

trip due to a slightly slower loss of heat transfer capability.

The protection available to mitigate the consequences of a loss of external load is the same
as that for a turbine trip, as listed in Table 15.0-6. -

{
15.2.2.2 Analysis of Effects and Consequences

i

Refer to Subsection 15.2.3.2 for the method used to analyze the limiting transient (turbine trip)
in this grouping of events. The results of the turbine trip event analysis bound those expected
for the loss of external load, as discussed in Subsection 15.2.2.1.

Plant systems and equipment which may be required to function to mitigate the effects of a
complete loss of load are discussed in Subsection 15.0.8 and listed in Table 15.0-6.

The reactor protection system may be required to terminate core heat input and to prevent
departure from nucleate boiling. Depending on the magnitude of the load loss, pressurizer
safety valves and/or steam generator safety valves may open to maintain system pressures
below allowable limits. No single active failure prevents operation of any system required
to function. Normal reactor control systems and engineered safety systems are not required
to function. The passive residual heat removal system may be automatically actuated
following a loss of main feedwater. This further mitigates the effects of the transient.

15.2.2.3 Conclusions

Based on results obtained for the turbine trip event and considerations described in
Subsection 15.2.2.1, the applicable SRP Section 15.2.1 evaluation criteria for a
loss-of-external-load event are met. (See Sub-section 15.2.3)

15.2.3 Turbine Trip

15.2.3.1 Identification of Causes and Accident Description

o.S
The turbine stop valves close rapidly (about 0-& seconds) on loss of trip fluid pressure
actuated by one of a number of possible turbina trip signals. Turbine trip initiation signals
include:

Generator trip*

Low condenser vacuum*

Loss of lubricating oil.

Turbine thrust bearing failure*

Turbine overspeed*

rw-suse:ro nosoS3i95 Revision: 3
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Manual trip*

Reactor trip=

Upon initiation of stop valve closure, steam flow to the turbine stops abruptly. Sensors on
the stop valves detect the turbine trip and initiate turbine bypass. The loss of steam flow
results in an almost immediate rise in secondary system temperature and pressure, with a
resultant primary system transient described in Subsection 15.2.2.1 for the loss of external
load event A slightly more severe transient occurs for the turbine trip event due to the more
rapid loss of steam flow caused by the more rapid valve closure.

The automatic turbine bypass system accommodates up to 40 percent of rated steam flow.
Reactor coolant temperatures and pressure do not increase significantly if the turbine bypass
system and pressurizer pressure control system are functioning properly. If the condenser is
not available, the excess steam generation is relieved to the atmosphere, and main feedwater
flow is lost. For this situation, feedwater flow is maintained by the startup feedwater system
to provide adequate residual and decay heat removal capability. Should the turbine bypass
system fail to operate, the steam generator safety valves may lift to provide pressure control.
See Subsection 15.2.2.1 for a further discussion of the transient.

A turbine trip is classified as a Condition Il event, fault of moderate frequency.

A turbine trip is more limiting than loss of external load, loss of condenser vacuum, and other
events which result in a turbine trip. As such, this event is analyzed in detail. Results and
discussion of the analysis are presented in Subsection 15.2.3.2.

15.2.3.2 Analysis of Effects and Consequences

15.2.3.2.1 hiethod of Analysis

In this analysis, the behavior of the unit is evaluated for a complete loss of steam load from
100 percent of full power, without rapid power reduction, primarily to show the adequacy of
the pressure-relieving devices, and also to demonstrate core protection margins. The turbine
is assumed to trip without actuating the rapid power reduction system. 'Ihis assumption
delays reactor trip until conditions in the reactor coolant system result in a trip due to other
signals. Thus, the analysis assumes a worst transient. In addition, no credit is taken for the
turbine bypass system. Main feedwater flow is terminated at the time of turbine trip, with no
credit taken for startup feedwater or the passive residual heat removal system (except for long-
term recovery) to mitigate the consequences of the transient.

YThe turbine trip transients are analyzed by employing the Jcud:cd de computer program
LOFTRAN (Reference 2). The program simulates the neutron kinetics, reactor coolant
system, pressurizer, pressurizer safety valves, pressurizer spray, steam generator and steam
generator safety valves. 'Ihe program computes pertinent plant variables, including
temperatures, pressures and power level. The LOFTRAN code is modified to incorporate the
specific passive safeguards system features for the AP600. A description of these
modifications are presented in Appendix 15B.
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The major assumptions used in the analysis are summarized below:

Initial Operating Conditions

'Ihe accident is analyzed using the revised thermal design procedure. Initial core power,
reactor coolant temperature, and pressure are assumed to be at their nominal values consistent
with steady-state full power operation. Uncertainties in initial conditions are included in the
departure from nucleate boiling ratio (DNBR) limit as described in WCAP-11397
(Reference 3).

-

Reactivity Coefficients

Two cases are analyzed:

Minimum Reactivity Feedback - A least negative moderator temperature coefficient and*

a least negative Doppler-only power coefficient are assumed. (See Figure 15.0.4-1)

Maximum Reactivity Feedback - A conservatively large negative moderator*

temperature coefficient and a most negative Doppler-only power coefficient are assumed.
(See Figure 15.0.4-1)

Reactor Control

From the standpoint of the maximum pressures attained,it is conservative to assume that the
reactor is in manual control. If the reactor is in automatic control, the control rod banks move
prior to trip and reduce the severity of the transient.

Steam Release

No credit is taken for the operation of the turbine bypass system or steam generator power-
operated relief valves. The steam generator pressure rises to the safety valve setpoint wlere
steam release through safety valves limits secondary steam pressure at the setpoint value.

Pressurizer Spray

Two cases for both the minimum and maximum reactivity feedback cases are analyzed:

Full credit is taken for the effect of pressurizer spray in reducing or limiting the coolant*

pressure. Safety valves are also availabig A Mau4 me (.rupsc.4 ,

No credit is taken for the effect of pressurizer spray in reducing or limiting the coolant*

pressure. Safety valves are operabig toprh c(wsirwe $
,
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d
Feedwater Flow F

Main feedwater flow to the steam generators is assumed to be lost at the time of t .ine trip.
No credit is taken for startup feedwater flow or the passive residual heat remov , since a
stabilized plant condition is reached before startup feedwater initiation or passive residual heat
removal is normally assumed to occur. He startup feedwater flow or passive residual heat
removal removes core decay heat following plant stabilization.

Reactor Trip

Reactor trip is actuated by the first reactor ihon gtm trip setpoint reached, with no
credit taken for the rapid power reduction on the turbine trip. Trip signals are expected due
to high pressurizer pressure, overtemperature AT, high pressurizer water level, and low steam
generator water level.

Plant characteristics and initial conditions are further discussed in Subsection 15.0.3.

Plant systems and equipment which may be required to function to mitigate the effects of a
turbine trip event are discussed in Subsection 15.0.8 and listed in Table 15.0-6.

mAvd<.W NMtt:r%
De ::=:m protectionIsystem may be required to Iunction following a turbine trip.
Pressurizer safety valves and/or steam generator safety valves may be required to open to
maintain system pressures below allowable limits. No single active failure prevents operation
of any system required to function. Normal reactor coolant system and engineered safety
systems are not required to function. Ilowever, cases are analyzed both with and without the
operation of pressurizer spray to determine the worst case for presentation.

15.2.3.2.2 Results

ne transient responses for a turbine trip from 100 percent of full-power operation are shown
for four cases: two cases for minimum reactivity feedback and two cases for maximum
reactivity feedback (Figures 15.2.3-1 through 15.2.3-24). He calculated sequence of events
for the accident is shown in Table 15.2-1.

Figures 15.2.3-1 through 15.2.3-6 show the transient responses for the total loss of steam load
with minimum reactivity feedback, assuming full credit for the pressurizer spray and
pressurizer safety valves. No credit is taken for the steam bypass. The reactor is tripped by
the high pressurizer pressure trip channel. The minimum DNBR remains well above the
safety analysis limit values. The steam generator safety valves limit the secondary steam
conditions to saturation at the safety valve setpoint.

Figures 15.2.3-7 through 15.2.3-12 show the responses for the total loss of steam load with
maximum reactivity feedback. All other plant parameters are the same as the above. The Woi
depagem nem mwie hnmng rnfin incrences thrnnghmy! t twsgni naf &r, - isp dt f g
Me" P: MLJ ds The pressurizer safety valves and steam generator safety valves

[g%prevent overpressurization in primary and secondary systems. De rise in the reactor coolant \t
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system average temperature causes a large reduction in neutron flux due to reactivity feedback
effects, resulting in a decrease in pressurizer yessure.

The turbine trip accident is also studied assuming the plant to be initially operating at 100
percent of full power with no credit taken for the pressurizer spray or the turbine bypass
system. De reactor is tripped on the high pressurizer pressure signal. Figures 15.2.3-13
through 15.2.3-18 show the transients with minimum reactivity feedback. He neutron flux
remains essentially constant at 100 percent of full power until the reactor is tripped. DeMt%W A
&,~~'= fiem uuJs:c bc!!!:; i ua L. css J eughcu: S *z=!::' In this case, the -

pressurizer safety valves are actuated and maintain reactor coolant system pressure below 110
percent of the design value.

with the other assumptions being the same as in the preceding case. Again, the%pedback,
Figures 15.2.3-19 through 15.2.3-24 show the transients with maximum reactivity

:= =InW O
f;m n;&* hniling at !:;icas Govusca :hc o mm.ca and the pressurizer safety valves
are actuated to limit primary pressure.

Reference 1 presents additional results of analysis for a complete loss of heat sink, including
loss of main feedwater. His analysis shows the overpressure protection that is afforded by
the pressurizer and steam generator safety valves.

15.2.3.3 Conclusions
b-

Results of the analyses, including those in Reference [ show that the plant design is such that
a turbine trip presents no challenge to the integrity of the reactor coolant system or the main
steam system. Pressure-relieving devices incorporated in the two systems are adequate to
limit the maximum pressures to within the design limits.

De analyses show that the departure from nucleate boiling ratio does not decrease below the
safety analysis limit at any time during the transient. Rus, the departure from nucleate
boiling design basis, as described in Section 4.4, is met. ;

;

15.2.4 Inadvertent Closure of Main Steam Isolation Valves |
1
'

Inadvertent closure of the main steam isolation valves results in a tmbine trip with no credit
taken for the turbine bypass system. Turbine trips are discussed in Subsection 15.2.3.

! 15.2.5 Loss of Condenser Vacuum and Other Events Resulting in Turbine Trip

Loss of condenser vacuum is one of the events that can cause a turbine trip. Turbine trip- )
initiating events are described in Subsection 15.2.3. A loss of condenser vacuum prevents the
use of steam dump to the condenser; however, since steam dump is assumed to be unavailable
in the turbine trip analysis, no additional adverse effects result if the turbine trip is caused by
loss of condenser vacuum. Therefore, the analysis results and conclusions contained in
Subsection 15.2.3 apply to the loss of the condenser vacuum. In addition, analyses for the
other possible causes of a turbine trip, listed in Subsection 15.2.3.1, are covered by

i

b {g @ M
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Subsection 15.2.3. Possibic overfrequency effects due to a turbine overspeed condition are
discussed in Subsection 15.2.2.1 and are not a concern for this type of event.

15.2.6 Loss of ac Power to the Plant Auxiliaries

15.2.6.1 Identification of Causes and Accident Description

The loss of power to the plant auxiliaries is caused by a complete loss of the offsite grid
accompanied by a turbine-generator trip. The on-site standby ac power system remains
available but is not credited to mitigate the accident.

This transient is more severe than the turbine trip event analyzed in Subsection 15.2.3 because
for this case the decrease in heat removal by the secondary system is accompanied by a
reactor coolant flow coastdown which further reduces the capacity of the primary coolant to
remove heat from the core. 'Ihe reactor will trip:

Upon reaching one of the trip setpoints in the primary and secondary systems as a result*

of the flow coastdown and decrease in secondary heat removal

Due to the loss of power to the control rod drive mechanisms as a result of the loss of*

power to the plant.

Following a loss of ac power with turbine and reactor trips, the sequence described below
occurs:

Plant vital instmments are supplied from the Class 1E and UPS.*

(4
As the steam system pressure rises follo ng the trip, the steam generator power-operated*

relief valves may be automatically ope to the atmosphere. The condenser is assumed
not to be available for turbine bypass. If the steam flow rate through the power-operated
relief valves is not available, the steam generator safety valves may lift to dissipate the
sensible heat of the fuel and coolant plus the residual decay heat produced in the reactor.

As the no-load temperature is approached, the steam generator power-operated relief*

valves (or safety valves, if the power-operated relief valves are not available) are used
to dissipate the residual decay heat and to maintain the plant at the hot shutdown
condition if the startup feedwater is available to supply water to the steam generators.

'Ihe onsite standby power system, if available, supplies ac power to the selected plant*

permanent nonsafety loads.

w e.M
If startup feedwater is not available, the PRHR is actuated. The PRHRsyMem transfers*

the core decay heat and sensible heat to the IRWST and provides an uninterrupted core
heat removal capability following any loss of normal and startup feedwater.

Revision: 3 owmv3use:rano3-ossi95
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The startup feedwater system, if available, is started automatically when low level occurs in
either steam generator.

f
During a plant transient, core de y heat removal is normally accomplished by the startup
feedwater system. If that syste is not available then emergency core decay heat removal is

provided by the passive re ' ualgoval heat exchanger. e pssive residual heat
removal heat exchanger w,e e, me C-tube heat exchanger (p(HXt), connectedytt ough
inlet and outlet headers to the reactor coolant system. The inlet to the heat exchangeri is from
the reacto4qoolant system hot leg and the return is to the SG outlet plenum. The heat
exchanger $ a8 located above the core to provide natural circulation flow when the RCPs are
not oprating. The in-containment refueling water storage tank provides the heat sink for the
HXf. The passive residual heat removal heat exchanger, in conjunction with the passive
containment cooling system (PCS), keeps the reactor coolant subcooled indefinitely. After
the in-containment refueling water storage tank water reaches saturation (in about two hours),
steam starts to vent to the containment atmosphere and the condensation which collects on the
containment steel shell (cooled by passive containment cooling system) returns to the in-
containment refueling water storage tank, maintaining fluid level for the passive residual heat
removal heat exchanger heat sink. Without any recovery of condensate, the in-containment
refueling water storage tank inventory is sufficient to provide the passive residual heat
removal heat exchaager operation for 72 hours. i

Upon the loss of po.ver to the reactor coolant pumps, coolant flow necessary for core cooling
and the removal ofi esidual heat is maintained by natural circulation in the reactor coolant and
PRHR loops.

A loss of ac power to the plant auxiliaries is a Condition Il event, a fault of moderate
frequency. This event is more limiting with respect to long-term heat removal than the
turbine-tdp-initiated decrease in secondary heat removal without loss of ac power, which is
discussed in Subsection 15.2.3. A loss of offsite power to the plant auxiliaries, can also result
in a loss of normal feedwater if the condensate pumps lose their power supply.

Following the reactor coolant pump coastdown caused by the loss of ac power, the natural
circulation capability of the reactor coolant system removes residual and decay heat from the
core, aided by the passive residual heat removal system. An analysis is presented here to
show that the natural circulation flow in the reactor coolant system following a loss of ac
power event is sufficient to remove residual heat from the core.

The plant systems and equipment available to mitigate the consequences of a loss of ac power
event are discussed in Subsection 15.0.8 and listed in Table 15.0-6.

15.2.6.2 Analysis of Effects and Consequences

15.2.6.2.1 Method of Analysis

A detailed analysis using a modlSed version of the LOFTRAN code (Reference 2) described
in Appendix 15B is performed to sinciate the system transient following a plant loss of
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offsite power. The simulation describes the plant neutron kinetics and reactor coolant system,
including the natural circulation, pressurizer, and steam generator system responses. The
digital program computes pertinent variables, including the steam generator level, pressurizer
water level, and reactor coolant average temperature.

T
ne loss of ac power to the station auxiliaries is evaluated to demo strate the adequacy of the
reacter protection, en;h;;d =f:g;_1 oyoMthe PRHR r,fstemfand RCS natural
circulation capability in removing long term decay heat and preventing excessive heatup of
the RCS with possible RCS overpressurization or loss of RCS water. -

The assumptions used in this analysis minimize the energy removal capability of the system
and maximize the possibility of water relief from the coolant system by maximizing the
coolant system expansion.

The assumptions used in the analysis are similar to the loss of normal feedwater flow accident
(see Subsection 15.2.7) except that power is assumed to be lost to the reactor coolant pumps
at the time of the reactor trip.

The assumptions used in the analysis are as follows:

The plant is initially operating at 102 percent of the design power rating with initial.

reactor coolant temperature *F above the nominal value and the pressurizer pressure
50 psi above the nominal value. 5

Core residual heat generation is based on ANSI 5.1 (Reference 3). ANSI 5.1 is a.

conservative representation of the decay energy release rates.

Reactor trip occurs on steam generator low level (narrow range). Offsite power is*

assumed to be lost at the time of reactor trip. His is more conservative than the case
in which offsite power is lost at time zero, because of the lower steam generator water
mass at the time of the reactor trip.

4 0.SSM
A heat transfer coefficientkn the steam generator associated with reactor coolant system.

natural circulation flow conditions following the reactor coolant pump coastdown.

WW
De passive residual heat removal system is actuated by the low steam generator water.

level (narrow range) coincident with a low startup feedwater flow rate (startup feedwater
is assumed unavailable).

Conservative PRHR heat transfer coefficients (low) associated with the low PRHR flow.

rate caused by the RCP trip are assumed.

For the loss of ac power to the station auxiliaries, the only safety function required is*

core decay heat removal. That is accomplished by the PRHR he worst single v
failure is assumed to occur in the PRHR sye.

C@ D
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bM
Re actuation of the PRHRh requires the opening of one of the two fail open valves
arranged in parallel at the PRHR discharge. Since no single failure can be assumed that
impairs the opening of both valves, the failure of a single valve is assumed. Marcover, sa'y-
c .e =: cf the ;we PRiiR liXs .; a;sua.ed ie a avaiidb.

Secondary system steam relief is achieved through the steam generator safety valves.*

The pressurizer safety valves are assumed to function.*

Plant characteristics and initial conditions are further discussed in Subsection 15.0.3.

Plant systems and equipment which are necessary to mitigate the effects of a loss of ac power
to the station auxiliaries are discussed in Subsection 15.0.8 and listed in Table 15.0-6.
Normal reactor control systems are not required to function. He reactor protection systema
is required to function following a loss of ac power, as analyzed here. He PRHR6 stem is Ef
required to function with a minimum heat transfer capability. No single active failure
prevents operation of any system required to function.

15.2.6.2.2 Results

De transient response of the reactor coolant system following a loss of ac power to the plant
auxiliaries is shown in Figures 15.2.6-1 through 15.2.6-11. De calculated sequence of events
for this event is listed in Table 15.2-1.

He LOFTRAN code results show that the natural circulation flow and the passive residual
heat removal system are sufficient to provide adequate core decay heat removal following
reactor trip and reactor coolant pump coastdown.

Immediately following the reactor trip, the PRHR heat transfer capability and the steam
generator heat extraction rate are sufficient to slowly cool down the plant. At about.jMm 200
seconds following reactor trip, the decrease in the steam generator water inventory results in
a decrease in steam generator heat transfer rate and consequently in a slow heatup of the RCS.

16a0
At about 366& seconds following reactor trip, the PRHR heat transfer rate overcomes the coreb decay heat and the plant stans a slow, steady cooldown.

15.2.6.3 Conclusions

Results of the analysis show that for the loss of ac power to plant auxiliaries event all safety
criteria are met. Since DNBR remains above the safety analysis limit values, the core is not
adversely affected. PRHR heat removal capacity is sufficient to prevent water relief through
the pressurizer safety valves.

De analysis demonstrates that sufficient long-term reactor coolant system heat removal
capability exists via natural circulation and the passive residual heat removal system following

ow.mnism.t. ao3-os3t95 Revision: 3
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reactor coolant pump coastdown to prevent fuel or clad damage and so that the reactor coolant
system is not overpressurized.

15.2.7 Loss of Normal Feedwater Flow

15.2.7.1 Identification of Causes and Accident Description

A loss of normal feedwater (from pump failures, valve malfunctions, or loss of ac power
sources) results in a reduction in the capability of the secondary system to remove the heat
generated in the reactor core. If an alternative heat sink such as startup feedwater or the
PRHR is not supplied to the plant, core residual heat following reactor trip heats the primary
system water to the point where water relief from the pressurizer occurs, resulting in a
substantial loss of water fro:n the reactor coolant system. Since the plant is tripped well
before the steam generator heat transfer capability is reduced, the primary system variables
do not approrh a departure from nucleate boiling condition.

A small secondary system break can affect normal feedwater flow control causing low steam
generator levels prior to protective actions for the break. This scenario is addressed by the
assumptions made for the feedwater system pipe break (see Subsection 15.2.8).

The following occurs upon loss of normr=1 feedwater (assuming main feedwater pump failures

or valve malfunctions):
i

The steam generator water inventory decreases as a consequence of the continuous steam.

supply to the turbine. The mismatch between the steam flow to the turbine and the
feedwater flow eventually leads to the reactor trip on a low steam generator water level
signal. The same signal also actuates startup feedwater system. !

As the steam system pressure rises following the trip, the steam generator power-operated.

relief valves are automatically opened to the atmosphere. The condenser is assumed to
be unavailable for turbine bypass. If the steam flow path through the power-operated
relief valves is not available, the steam generator safety valves may lift to dissipate the
sensible heat of the fuel and coolant plus the residual decay heat produced in the reactor.

!

As the no-load temperature is approached, the steam generator power-operated relief |.

valves (or safety valves, if the power-operated relief valves are not available) are used |
to dissipate the residual decay heat and to maintain the plant at the hot shutdown
condition if the startup feedwater is used to supply water to the steam generator. -

cMu' a.
If startup feedwater is not available, the PRHR is actuated onbow steam ge erator water,l.

'

le, vel (narrow r ge' coincident with low startup feedwater flow rate sign The PRHR

4,ydem trans ' s the core decay heat and sensible heat to the IRWST so that core heat
removal is uninterrupted following a loss of normal and startup feedwater.

A loss of normal feedwater is classified as a Condition 11 event, a fault of moderate frequency.
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A low Tcold "S" signal is eventually reached: the RCPs are tripped and the CMTs start !

injecting cold borated water in the RCS. PRHR capacity is then lowered and the RCS starts !
to heat up. (

-I
Pressurizer safety valves open to discharge steam to containment and reclose later in the !
transient when PRHR capacity exceeds the decay heat production rate. !

+

The capacity of the PRHR is sufficient to avoid , water relief through the pressurizer safety I

valves.
,

i

The calculated sequence of events for this accident is listed in Table 15.2-1. As shown in
'

Figures 15.2.6-5 & 6, in the long terrn, the plant starts a slow cooldown driven by the i

PRHR system. Plant procedures may be followed to further cool down the plant. |
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The reactor trip on low narrow range water level in either steam generator provides the
necessary protection against a loss of normal feedwater.

De startup feedwater system is started automatically, as discussed in Subsection 15.2.6.1.

If startup feed is unavailable then the PRHR(q*em is started as discussed in
Subsection 15.2.6. W <*W
An analysis of the system transient is presente be to ho ollowing aloss of normal
feedwater the passive residual heat removal syMem is capable of removing the stored and ~

residual decay heat, thus preventing either overpressurization of the reactor coolant system or
loss of water from the reactor coolant system, and returning the plant to a safe condition.

15.2.7.2 Analysis of Effects and Consequences

15.2.7.2.1 Method of Analysis

A detailed analysis using a modified version of the LOFTRAN code (Reference 2), described
in Appendix 15B, is performed to obtain the plant transient following a loss of normal
feedwater. The simulation describes the plant neutron kinetics, reactor coolant system
(including the natural circulation), pressurizer, and steam generators. De program computes
pertinent variables, including the steam generator level, pressurizer water level, and reactor
coolant average temperature.

De assumptions used in the analysis are as follows:

De plant is initially operating at 102 percent of the design power rating..

Reactor trip occurs on steam generator low (narrow range) level.*

. - -- -
J De PRHR system is actuated by the low steam generator water level signal in=

,Mop coincidence with the low startup feedwater flow rate signal (startup feedwater system is
lyonservatively assumed unavailable).

}u2u- t.1d*W
Since for the loss of normal feedwater mitigation, the y safety function requiredis the=

core decay heat removal, that yearjr geRHR syNent, the worst sinele fail r 'sth
assumed to occur in the PRHR f,ysem. De actuation of the PRHR . requir s the
opening c,f one of the two fail open valves arranged in parallel at the PRHR discharge.
Since no single failure can be assumed that impairs the opening of both valves, the
failure of a single valve is assumed. 01y m ^"' *ha two W"" Met e95a" S-
==M iv Re.Jhhh

WV%x ct
De passive residual heat removal gwem is actuated by the Ixw-low steam generator=

water level signal. As. (4L.w:
Secondary system steam relief is achieved through the steam generator safety valves.*
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b9
He initial reactor coolant average temperature is *F higher than the nominal value,*

and initial pressurizer pressure is 50 psi higher than nominal.
had excitan% r-l

De loss of normal feedwater analysis is performpe i to demo ate e adequacy of the reactor
protecdon and engk.;ad xfe;.ai-g:c=(the PRHR - in removing long-term
decay heat and preventing excessive heatup of the reactor coolant system with possible
resultant reactor coolant system overpressurization or loss of reactor coolant system water.

.

As such, the assumptions used in this analysis minimize the energy removal capability of the
system and maximize the possibility of water relief from the coolant system by maximizing
the coolant system expansion.

For the loss of normal feedwater transient, the reactor coolant volumetric flow remains at its
normal value, and the reactor trips via the low steam generator narrow range level trip. The
reactor coolant pumps continue to run until they are automatically tripped when die CMTs are
actuated.

Plant characteristics and initial conditions are further discussed in Subsection 15.0.3.

Plant systems and equipment which are necessary to mitigate the effects of a loss of normal
feedwater accident are discussed in Subsection 15.0.8 and listed in Table 15.0-6. Normal
reactor control systems are not required to function. De reactor protection system is requiref hd
to function following a loss of normal feedwater, as analyzed here. He PRHR4ystem is VW
required to function with a minimum heat transfer rate capability. No single active failure
prevents operation of any system to perform its required function. A discussion of anticipated
transients without scram considerations is presented in Section 15.8.

15.2.7.2.2 Results

Figures 15.2.7-1 through 15.2.7-10 show the significant plant parameters following a loss of
normal feedwater.

Following the reactor and turbine trip from full load, the water level in the steam generators
falls due to the reduction of steam generator void fraction. Steam flow through the safety
valves continues to dissipate the stored and core decay heat.

The capacity of the PRHR, when the reactor coolant pumps are operating, is much larger than
the decay heat and in the first part of the transient the RCS is cooled down and the pressure
decreases.

A bo bd .. S
A .mic:y hj= .m[ignal is eventually reached:the RCPs are tripped and the CMTs start
injecting cold borated water in the RCS. PRHR capacity is then lowered and RCS starts to
heat up.

Pressurizer safety valves open to discharge steam to the containment and reclose later in the
transient when PRHR capacity exceeds the decay heat production rate.

Revision: 3 ..wuso:r.Ros-o33i95
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De capacity of the PRHR is sufficient to avoid water relief through the pressurizer safety
valves.

The calculated sequence of events for this accident is listed in Table 15.2-1. As shown in
Figure 15.2.7-3 & 4, in the long term, the plant starts a slow cooldown driven by the PRHR
system. Plant procedures may be followed to further cool down the plant.

15.2.7.3 Conclusions j
_

Results of the analysis show that a loss of normal feedwater does not adversely affect the
core, the reactor coolant system, or the steam system. He PRHR heat removal capacity is j
such that reactor coolant water is not relieved from the pressurizer safety valves. DNBR l

always remains above the safety analysis limit values and RCS and steam generator pressures J

remain below 110% of their design values.

15.2.8 Feedwater System Pipe Break

15.2.8.1 Identification of Causes and Accident Description

A major feedwater line rupture is a break in a feedwater line large enough to prevent the
addition of sufficient feedwater to the steam generators to maintain shell-side fluid inventory |

'

in the steam generators. If the break is postulated in a feedwaterline between the check valve
and the steam generator, fluid from the steam generator may also be discharged through the
break. A1.rc k .o 0.5 Wan ennld nrecinde the subcenum J,imu ;f $mp S~'i. hic.
- N afticd _.. pacracr.-(A brea:c upstream of the feedwater line check valve would I

affect the plant only as a loss of feedwater. His case is covered by the evaluation in
Subsections 15.2.6 and 15.2.7.)

Depending upon the size of the break and the plant operating conditions at the time of the
break, the break could cause either a reactor coolant system cooldown (by excessive energy
discharge through the break) or a reactor coolant system heatup. Potential reactor coolant
system cooldown resulting from a secondary pipe rupture is evaluated in Subsection 15.1.5.
Therefore, only the reactor coolant system heatup effects are evaluated for a feedwater line
rupture.

De feedwater line rupture reduces the ability to remove heat generated by the core from the
reactor coolant system for the following reasons:

|

Feedwater flow to the steam generators is reduced. Since feedwater is subcooled, its loss|
*

; may cause reactor coolant temperatures to increase prior to reactor trip.
;

Fluid in the steam generator may be discharged through the break and would then not*

be available for decay heat removal after trip.

The break may be large enough to prevent the addition of main e &T eedwater afterf*

trip.

owouso:1..ao3-ossi95 Revision: 3

3 Westinghouse 15.2-15 August 31,1995

- _ _ _ _ _ _ _



. . _ _ _ _ .

15. Accident Analyses
__

-- pf
we

The passive residual heat removal <yMem functions to:

Prevent substantial ove1 pressurization of the reactor coolant system (less than 110 percent=

of design pressures).

Maintain sufficient liquid in the reactor coolant system so that the core remains in place*

and geometrically intact with no loss of core cooling capability.

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

The severity of the feedwater line rupture transient depends on a number of system
parameters, including break size, initial reactor power, and the functioning of various contiol
and safety related systems. Sensitivity studies presented in Reference 4 illustrate that the most
limiting feedwater line rupture is a double-ended rupture of the largest feedwater line. The
main feedwater control system is assumed to malfunction due to an adverse environment. The
water levels in both steam generators are assumed to decrease equally until the Low-low
steam generator level reactor trip setpoint is reached. After reactor trip, a double-ended
rupture of the largest feedwater line is assumed. These assumptions conservatively Imund the
most limiting feedwater line rupture that can occur. Analysis is performed at full power
assuming the loss of offsite power at the tirne of the reactor trip. This is more conservative
than the case where power is lost at the initiation of the event. The case with offsite power
available is not presented since, due to the fast CMT actuation (on a "S" signal generated by
the low steam line pressure), the RCPs are tripped by the protection system a few seconds
after the reactor trip. The only difference between the cases with and without offsite power
available is the RCPs operating status.

'Ihe following provides the protection for a main feedwater line rupture:

A reactor trip on any of the following four conditions:*

- High pressurizer pressure
Overtemperature AT-

- Low steam generator water level in either steam generator
- Safeguards signals from either of the following:

Two out of four low steam line pressure in either steam generator.*

Two out of four high containment pressure (High-1).*

Refer to Chapter 7 fggdescription of the actuation system.
#~ ht*'

The hear w.5c.WVThe PRHR 9ydem pr ' ides a)passiv method for decay heat removal.=

6%C - i m C-tu bi M :ba tius7 located inside the IRWSTAtek. The HX[
are/akve the RCS ! g:Qt,o rovi natural circulation of the reactor coolant.
Operation of the PRHR r.yeris nuti ed by the opening of one of the two parallel
power operated valves at the PRHR cold leg.

Refer to Subsection 6.3.2.2.5 for a description of the PRHR.

Revision: 3 a nsuso:r no3-ossi95
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15.2.8.2 Analysis of Effects and Consequences

15.2.8.2.1 Method of Analysis

A detailed analysis using a modified version, described in Appendix 15B, of the LOFIRAN
code (Reference 2) is performed in order to determine the plant transient following a
feedwater line rupture. 'Ihe code describes the plant thermal kinetics, reactor coolant system
(including natural circulation), pressurizer, steam generators, and feedwater system responses
and computes pertinent variables, including the pressurizer pressure, pressurizer water level,
and reactor coolant average temperature.

7he cases analyzed assume a double-ended rupture of the largest feedwater pipe at full power.
Major assumptions used in the analysis are as follows:

The plant is initially operating at 102 percent of the design plant rating..

Initial reactor coolant average temperature is *F above the nominal value, and the.

initial pressurizer pressure is 50 psi above its nominal value.

No credit is taken for pressurizer spray.*

Initial pressurizer level is at a conservative maximum value and a conservative initiala

steam generator water level is assumed in both steam generators.

No credit is taken for the high pressurizer pressure reactor trip.*

Main feedwater to both steam generators is assumed to stop at the time the break occurs..

(all main feedwater spills out through the break.)

A double-ended break area of 1.12 square feet is assumed. 'Ihis maximizes the*

blowdown discharge rate following the time of trip, which maximizes the resultant
heatup of the reactor coolant.

A conservative feedwater line break discharge quality is assumed prior to the time the*

reactor trip occurs, thereby maximizing the time in which the trip setpoint is reached.
After the trip occurs, a saturated liquid discharge is assumed until all the water inventory
is discharged from the affected steam generator. This minimizes the heat removal
capability of the affected steam generator.

Reactor trip is assumed to be initiated when the low steam generator narrow range level=

setpoint is reached on the ruptured steam generator.

keox-W M
The passive residual heat removal system is actuated by the low steam generator water*

level (wide range) signal. A 17-second delay is assumed following the low level signal
to allow time for the alignment of passive residual heat removal valves.

owm3usca..no3-os3195 Revision: 3
W Westifigh0Use 15.2-17 August 31,1995



_

-

15. Accident Analyses

No credit is taken for heat energy deposited in reactor coolant system metal during the.

reactor coolant system heatup.

No credit is taken for charging or letdown.*

Steam generator heat transfer area is assumed to decrease as the shell-side liquid*

inventory decreases.

Conservative core residual heat generation is assumed based upon long-term operation*

at the initial power level preceding the trip (Reference 3).
i

No credit is taken for the following four potential protection logic signals to mitigate the j.

consequences of the accident: j
|

- High pressurizer pressure
- Overtemperature AT 1

!
- High pressurizer level
- High containment pressure |

Receipt of a low steam generator water level narrow nmge signal in at least one steam

| generator starts the motor driven startup feedwater pumps, which in turn initiate the startup

i feedwater flow to the steam generators. The PRHR is initiated if the steam generator water
level drops to the low steam generator level (wide range) or if a low startup feedwater flow
is concomitant to a low steam generator water level (narrow range) signal. Similarly, receipt
of a low steam line pressure signal in at least one steam line initiates a steam line isolation
signal which closes all main steam line and feed line isolation valves. This signal also gives
a safeguard "S" signal which initiates flow of cold borated water from the Chffs to the RCS.

|

Plant characteristics and initial conditions are further discussed in Subsection 15.0.3. gep ,

g gwar en.c:rwrot ss.p;:A.m vo+ (WYN#F"wc
" gn.. rc assumed to functiorf. The seneter protectiongsystem is required.-

to function following a feedwater line rupture as analyzed here. No sihgle active failure
prevents operation of this system.

'attA tGht.g N:>hh
'Ihe engineered safety features assumed to function are the passive residual heat removal
system, core makeup tank and steam line isolation valves.

1

For the case without offsite power, there is a flow coastdown until flow in the loops reaches
the natural circulation value. The natural circulation capability of the reactor coolant system

f is shown (see Subsection 15.2.6) to be sufficient to remove core decay heat following reactor
trip for the loss of ac power transient. Pump coastdown characteristics are demonstrated in
Subsections 15.3.1 and 15.3.2 for single and multiple reactor coolant pump trips, respectively.

A detailed description and analysis of the core makeup tank is described in
Subsection 6.3.2.2.1. The passive residual heat removal sp4em is described in
Subsection 6.3.2.2.5. p4WY
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15.2.8.2.2 Results

Calculated plant parameters following a major feedwater line rupture are shown in
Figures 15.2.8-1 through 15.2.8-10. The calculated sequence of events for the case analyzed
is listed in Table 15.2-1.

The results presented in Figures 15.2.8-5 and 15.2.8-7 show that pressures in the RCS and
main steam system remain below 110 percent of the respective design pressure. Pressurizer
pressure decreases after reactor trip on the low steam generator water level (586 seconds) due
to the loss of heat input. %b
In the first part of the transient, due to the conservative analysis assumptions, the system
response following the feedwater line rupture is similar to the loss of ac power to the station
auxiliaries (Subsection 15.2.6).

W. 2.
A few seconds after the trip, the CMTs are actuated (699 seconds) on low steam line pressure
in the ruptured loop while the PRRR is actuated on a low steam generator water level wide
range (MP seconds). b. 6\b~1. )

The addition of the PRH MT flow rate ds in cooling down the primary system and helps
to provide sufficient fluid keep the core covered with water.

In the long term, pressurizer safety valves open again due to the mismatch between decay heat
and PRHR heat transfer capability. In the first part of the transient, there is a strong cooling
effect due to the CMTs that inject cold water into the RCS and receive hot water from the
cold leg. In the long term, this effect is much lower due to the heatup of the CMTs. Also,
the injection driving head is lowered.

RCS temperatures are low (below 500*F at 7000 seconds.) and in this condition, the PRHR
is not able to remove the entire decay heat. RCS temperatures tend to increase until an
equilibrium between decay heat power and heat absorbed by the PRHR is reached. Finally,
after about five hours the PRHR heat transfer capability exceeds the decay heat power and the
RCS temperatures, pressure and pressurizer water volumes start to steadily decrease. As
previously stated, core cooling capability is maintained throughout the transient since RCS
inventory is increasing due to CMT injection.

15.2.8.3 Conclusions

Results of the analyses show that for the postulated feedwater line rupture, the passive residual
heat removal system capacity is adequate to remove decay heat, to prevent overpressurizing
the reactor coolant system, and to maintain the core cooling capability. Radioactivity doses
from the postulated feedwater lines rupture are less than those presented for the postulated
main steam line break. The SRP Section 15.2.8 evaluation criteria are therefore met.
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Table 15.2-1 (Sheet 1 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WIIICH
'

RESULT IN A DECREASE IN HEAT REMOVAL BY ,

THE SECONDARY SYSTEM

Accident Event Time (s)

1. Turbine Trip

A. With pressurizer control Turbine trip; loss of main feedwater 0.0
(minimum reactivity
feedback) High pressurizer pressure reactor trip point fr+ ~1. )

reached

Rods begin to drop th4- 9 .\

Minimum DNBR occurs W.r- \ D. E

Peak pressurizer pressure occurs 409 il D

Initiation of steam release from steam gen- Mb O.D
erator safety valves

B. With pressurizer control Turbine trip; loss of main feedwater flew 0.0
(maximum reactivity
feedback) Minimum DNBR occurs 4+ %. %

High pressurizer pressure reactor trip setpoint 44-7.3
reached

Rods begin to drop Lt 9.3
Peak pressurizer pressure occurs We |b.5

initiation of steam release from steam gen- -E:& 13. D
erator safety valves

ownnv3uso:rn ao3-o53195 Revision: 3
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Table 15.2-1 (Sheet 2 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WIIICH
RESULT IN A DECREASE IN IIEAT REMOVAL BY

TIIE SECONDARY SYSTEM

Accident Event Time (s)

C. Without pressurizer control Turbine trip; loss of main feedwater flow 0.0
.

(minimum reactivity
feedback) High pressurizer pressure reactor trip point & %.I

reached

Rods begin to drop 7:7 7 7

Minimum DNBR occurs 9.0

Peak pressurizer pressure occurs 9.5

Initiation of steam release from steam gen- 4to \ 1. O
erator safety valves

D. Without pressurizer control Turbine trip; loss of main feedwater flow 0.0
(maximum reactivity feed-
back) Minimum DNBR occurs 4.0

High pressurizer pressure reactor trip 5.7

Rods begin to drop 7.7

Peak pressurizer pressure occurs 9.0

Initiation of steam release from steam gen- .HH)- L'3. 0
erator safety valves

Revision: 3 ow ne,3uso2r nosoS3i95
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Table 15.2-1 (Sheet 3 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH
RESULT IN A DECREASE IN IIEAT REMOVAL BY

THE SECONDARY SYSTEM

Accident Event Time (s)

II. Loss of ac power to the plant Feedwater lost 10.0
:

| auxiliaries
~

Low steam generator water level r trip 58.6
| reache.1

Rods begin to drop, ac er is lost, reactor 60.6
coolant pumps start coastdown ..

Pressuriza s y valves open 64.0
t

Steam encrator safety valves open 65.0

aximum pressurizer pressure reached 68.0

|
Maximum pressurizer water volume reached 72.5 ,

!

Pressurizer safety valves reclose 74.0 I

PRHR actuation on low SG water level (nar- 123.6
row range)

' PRHR extracted beat matches decay beat -3000.0
. (50 min.) ,

( SG safety valves reclose ~6000.0

g@*'
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Table 15.2-1 (Sheet 4 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WlIICH
RESULT IN A DECREASE IN HEAT REMOVAL BY

THE SECONDARY SYSTEM

Accident Event me (s)

Ill. Loss of Nonnal Feedwater Flow Feedwater lost 10.0

Low steam generator water level ( ' 58.6
range) reactor trip reached

Rods begin to drop 60.6

Maximum pressurir pressure reached 63.5

Maximum pr surizer water volume reached 64.0

SG valves open 68.0

RlIR actuation on low SG water level (nar- 123.6
row range)

SG safety valves reclose 146.0

CMTs actuation and RCP trip on low T-cold 770.0
("S" signal)

Pressurizer safety valves first open ~3050.0

Pressurizer safety valves final reclose ~15000.0

PRHR extracted beat matches decay beat ~16500.0

f-AW.

&
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Table 15.2-1

(Sheet 3 of 5)
Time Sequence of Events for incidents which 1

Result in a Decrease in Heat Removal by |
the Secondary System

!

Accident Event Time (s)
'

11. Loss of ac power to the plant auxil- Feedwater lost 10.0 !

iaries

low steam generator water level reactor trip 83.8.
|reached -
;

:

Rods begin to drop, ac power is lost, reactor 85.8 i

coolant pumps start to coastdown -!
i

Pressurizer safety valves open 86.6 ;

!

Steam generator safety valves open 87.3 .

Maximum pressunzer pressure reached 87.8
:

Pressurizer safety valves reclose 90.9
.

?

Maximum pressurizer water volume reached 97.2
,

PRHR actuation on low SG water level 151.
'

(narrow range) coincident with low SFW ;

Pressunzer safety valves open 806.
|

Pressunzer safety valves reclose 1,455. !

SG safety valves reciose 7,902. $
|

CMT actuation on low T-cold "S" signal 8,002. !

\

Steamline isolation on low T-cold "S" signal 8,002. !

Pressunzer safety valves open 18,180. e

Pressurizer safety valves reclose 22,082. i

s,

PRHR extracted heat matches decay heat ~ 24,000.
i

r

5
5

!

.
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Table 15.2-1
'

(Sheet 4 of 5) !

Time Sequence of Events for incidents which
Result in a Decrease in Heat Removal by

1-- the Secondary System
J

' Accident Event Time (s)- |
Ill. Ioss of Normal Feedwater Flow Feedwater lost 10.0 I

,

.

Iow steam generator water level (narrow 83.8 |

range) reactor trip reached
:.

.

Rods begin to drop 85.8 '

,

Piw isist safety valves open 86.6 !
u

SG safety valves open 87.3

Maximum pressunzer pressure reached 87.8

Pressurizer safety valves reclose 89.1 !

Maximum pressurizer water volume reached 89.2

PRHR actuation on low SG water level (wide 143.
range)

,

:

SG safety valves reclose 188. ;

CMTs actuation on low T-cold "S* signal 568. i

Steamline isolation on low T-cold "S* signal 568. !

RCP trip on low T-cold *S* signal 583.
,

Pressurizer safety valves open 8,670. !

Pressurizer safety valves reclose 18,574.

PRHR extracted heat matches decay heat ~ 25.000. )

;

)

;

\
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Table 15.21 (Sheet 5 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH
RESULT IN A DECREASE IN HEAT REMOVAL BY

THE SECONDARY SYSTEM

Accident Event Time (s)

IV. Feedwater System Pipe Break Main feedline break occurs 10.0

Pressurizer safety valves open ,4Hy 10.5~

Low Steam Generator water level (narrow .5 H r- B 3. O
range) reactor trip reached

Rods begin to drop 4Mr. B 5~. O

less of offsite power occurs ,fio e" 95 o

Lc : Dt'c P.c=_ r?ie :1.2

Low steamline pressure serpoint .69.1 S 1 2.

Pressurizer safety valves close M-3-- %. es

All steam and feedline isolation valves close .S M - /o/. 2.

PRHR actuation on low SG water level (wide -46-7- W7
range) /07*/

CMT valves fully opened -91-t ///.2. f

Faulted Steam Generator empties -9fhe ///. O

Intact Steam Generator safety valves open W /fic

Intact Steam Generator safety valves reclose 348-0- S 3 9

Pressurizer safety valves open ,250(T0 - S G f0

| PRHR extracted heat matches decay heat - 48400-6 ~ //M
l (4a= - ^mi

e ^ ^ ^^ ^P-: i ;ig ic... :.x

p ; g ;'r ':y t._i; ;

l

i
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Nuclear Power (Fraction of Nominal)
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Figure 15.2.3-1

Nuclear Power (Fraction of Nominal) vs. Time for Turbine Trip
Accident with Pressurizer Spray and Minimum Moderator Feedback )

|
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Pressur i zer Pressure (ps i a)
~
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Figure 15.2.3-2

Pressurizer Pressure (psia) vs. Time for Turbine Trip
Accident with Pressurizer Spray and Minimum Moderator Feedback
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Pressur izer Water Volume (Cubic Feet) -
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Figure 15.23-3

Pressurizer Water Volume (ft') vs. Time for Turbine Trip Accident
with Pressurizer Spray and Minimum Moderator Feedback
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15. Accident Analyses
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15. Accident Analyses

Pressurizer Water Volume (Cubic Feet)
1700

1

1600 - j
l ,

i 1500 -

1400 --

1300 -
.

1200 -

1100 -

|

1000 -

900 -

800 -

I ' ' ' I ' I
700

O 1 2 3 4 5 6 7 8 9 10

Time CSec)

Figure 15.2.3-9

Pressurizer Water Volume (ft') vs. Time for Turbine Trip Accident
with Pressurizer Spray and Maximum Moderator Feedback

os-v3uso2rn.rigaoi95 Revision: 3

3 Westingh00SB 15.2-43 August 31,1995

_ _ - - _ _ _ _ .____________ - ___-_____ . . _ .



g. , . , , . . . . . _ , . . . , . . = . . . _ _.._.m . _ _ _ . .._... .... _ _ _ . . . . . . _ . , _ . . _ _ , _ ...__

sven pg'-'

|
L

.

,
f

I
i

1 - !

r

i
*

,
e

s

}
r
b

Y,

o

i

- L
i
,

#

,

,

b

b

!
i

i
i

l

[

f
P

v

I
t

i
I

.

I

' ,

f
+

i

t
r

f
a
'

s

1

Y

6

>

,

L

,I

$
.

,

|

. I
!

!

.

15.2-44 ,

>

p

9

P

- .-. - ,, , ,m._ .. , , . . . ,. - ,,,c. nn., n.. .nn, .., . , , - . ,, - w w



i

! =_ ;i
_

15. Accident Analyses
,- -

i

Core inlet Temperature (Oeg F)

600

590 -

580 -

570 --

560 -

550 -

540 -

530.

520 -

510 -

'500
O 10 20 30 40 50 60 70 80 90 100

Time (Sec)

|

Figure 15.2.3-10

Core Inlet Temperature (*F) vs. Time for Turbine Trip Accident
with Pressurizer Spray and Maximum Moderator Feedback

or=mniso2rn.rism oi95 Revision: 3 i

[ W85t|Dgh0US8 15.2-45 August 31,1995

I



,y_, + . . . .w .- -c - _ s a- s a.J:. i.a s 2 6 a s .- .. s.1 . .s

even pg .

.

P

P

P

,

t

>

>

!
!

;

J

i

j

f

.!
1

P

f

6

- i

'
*

J

k

9

e

>

!

,

i

i
15.2-46 .

.L

>

, ,ps," - .,..n n -- ,we-- - -s --



15. Accident Analyses
~ $

;

|

1

i
|

Core Average Temperature (Deg F) ;

1

600 1

590 -

580 -

570 -

560 -
'

550 -

I I I I I I I I !540
0 1 2 3 4 5 6 7 8 9 10

T i me ( Sec)

.

Figure 15.2.3-11

Core Aserage Temperature (*F) vs. Time for Turbine Trip Accident
with Pressurizer Spray and Maximum Moderator Feedback

owanevni502rn.n -owivs Revision: 3s

[ W85tingh0US8 15.247 August 31,1995

_ _ _ . _ - _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . . _ _



f a ~ _A,- ' - - sli

even pg

.

.
.

.

?

,

e

e

!
-

t.

t
6

i

i

e

t

9

f

\

i

:

a

e

4

-

|

1,

15.2-48

- i

k

I
r

_ _ __ ___ _ _ _ _______ _ _ _ _ _. _ _ - __



+_

15. Accident Analyses

DNB Ratio
7

6 -

5 -

4 -

3
-

2 -

I I I I I I I I |,

0 10 20 30 40 50 60 70 80 90 100

Time CSec)

|

Figure 15.23-12
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15. Accident Analyses
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Nuclear Power (Fraction of Nominal) vs. Time for Turbine Trip Accident
without Pressurizer Spray and Minimum Moderator Feedback

o w-n3usom n moi 95 Revision: 3a

[ W85tifigh00S8 15.2-51 August 31,1995

._ _ __ __ _ ._ __ _ _ _ _



=

A

k

' ev a pg

i

t

?

!

I

i
!
,

$

!

3
t
I

!

:

* ?

:
J

E

'I
.

r

4

e

?

h

'5

)

i

|
t

|

b

p

P

it

4

6

6

+

-

a

-

|
|
t

i

5

.

1,

,

.

1

!- !
1 1

l

1
.

15.2-52

,

- _ _. . ._ . . _ , ,,., -.



_ - _ _ _ _

15. Accident Analysa
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15. Accident Analyses
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.15. Accident Analyses

15.3 Decrease in Reactor Coolant Systern Flow Rote

A number of faults that could result in a decrease n the reactor coolant system flow rate arei

postulated. These events are discussed in this moon. Detailed analyses are presented for the
most limiting of the following flow d.: crease events:

Partial loss of forced reactor coolant flow.

Complete loss of forced reactor coolant flow.

Reactor coolant pump shaft seizure (locked rotor).

Reactor coolant pump shaft break.

The first event is a Condition II event; the second event is a Condition III event, and the last
two are Condition IV events.

The four limiting flow decret.se events described above are analyzed in this section. It has
been determined that the most severe radiological consequences result from the reactor coolant
pump (RCP) shaft seizure accident discussed in Subsection 15.33. Doses are reported only
for that femitmg case. /

15.3.1 Partial Loss of Forced Reactor Coolant Flow

15.3.1.1 Identification of Causes and Accident Description

A partial loss of coolant flow accident can result from a mechanical or an electrical failure
in a reactor coolant pump or from a fault in the power supply to the pump or pumps supplied
by a reactor coolant pump bus. If the reactor is at power at the time of the accident, the
immediate effect of the loss of coolant flow is a rapid increase in the coolant temperature.
This increase could result in departure from nucleate boiling (DNB), with subsequent fuel
damage if the reactor is not tripped promjtly.

,

Normal power for the pumps is supplied through two buses connected to the generator. When
a generator trip occurs, the buses are supplied from offsite power. The pumps continue to

'
operate.

A partial loss of coolant flow is classified as a Condition II incident (a fault of moderate
frequency), as defined in Subsection 15.0.1.

Protection against this event is provided by the low primary coolant ' low reactor trip signal,
which is actuated in any reactor coolant loop by two out of four Low-flow signals. Above
permissive P8, low flow in any one cold leg actuates a reactor trip. (See Section 7.2.)
Between approximately 10 percent power (permissive P10) and the power level corresponding
to permissive P8, low flow in any two cold legs actuates a reactor trip.

!
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|

|

|

I
15.3.1.2 Analysis of Effects and Consequences

15.3.1.2.1 Method of Analysis

1

A panial loss of flow involving the loss of either one or two pumps is analyzed. The l

transient response for the partial loss of two reactor coolant pumps is found to be more.

limiting. Therefore, the transient analysis is reported only for the limiting partial loss of two
| umps transient. g g g g pg ux4

This transient is analyzed y three corr.puter codes. First, the LOFTRAN code (Reference 1)
is used to calculate the ore flow during the transient, the time of reactor trip based on the
input loop flows, th nuclear power transient, and the primary system pressure and
temperature transient. The FACTRAN code (Reference 2)is then used to calculate the heat
flux transient based on the nuclear power and flow from LOFFRAN Finally, the M41Ne NN |
code (Section 4.4) is used to calculate the departure from nucleate boiling ratio ( R) j
during the transient, based on the heat flux from FACTRAN and the flow from LOFTRAN !

IThe DNBR transients presented represent the minimum of the typical or the thimble cell.

csal15.3.1.2.2 Initial Conditions

Initial reactor powegaed pressure, and reactor coolant system temperature are assumed to be j
at their nominal varues. Uncertainties in initial conditions are included in the DNBR limit, j
as described in Reference 5. !

l

Plant characteristics and initial conditions assumed in this analysis are further discussed in
Subsection 15.0.3. l

15.3.1.2.3 Reactivity Coefficients |

t %.O. 9 -1 l
A cons rvatively large absolute value of the Doppler-only power coefficient is used. (See '

| Figure 13AHt.) This is equivalent to a total integrated Doppler reactivity from G to 100
| percent power of 0.0118 Ak.

The least negative moderator temperature coefficient is assumed, since this results in the i

maximum core power during the initial part of the transient, when the minimum DNBR is
reached.

For these analyses, a curve of trip reactivity versus time based on a 2.4 second rod cluster
.

.

control assembly (RCCA) insertion time to the dashpot is used. (See Subsection 15.0.5.)

15.3.1.2.4 Flow Coastdown

A conservatively calculated flow coastdown is used to simulate the transient. The flow
coastdown is calculated based on reactor coolant system (RCS) pressure losses and reactor
coolant pump characteristics. Reactor coolant fluid momentum is = ==idy neglecte

1 -
eM4rs a.
cpMrtsvrJiv4
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15. Accident Analyses -

.

Plant systems and equipment necessary to mitigate the effects of the accident are discussed
in Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in any of these
systems or equipment adversely affects the consequences of the accident.

153.1.2.5 Results g
Figures 15.3.1 1 through 15.3.1- how the transient response for the loss of two reactor
coolant pumps. Figure 15.3.1 shows the DNBR to be always greater than the limiting-
value. 9 deg g
The plant is tripped by the Low-flow trip rapidly enough so that the capability of the reactor
coolant to remove heat from the fuel rod is not greatly reduced. Thus, the average fuel and
clad temperatures do not acrease significantly above their respective initial values.

,

The calculated sequence of events for the case analyzed is shown in Table 15.3-1. The
affected reactor coolant pumps continue to coast down, and the core flow reaches a new
equilibrium value.

With the reactor tripped, a stable plant condition is attained. Normal plant shutdown may
then proceed.

.

153.13 Conclusions Ng
The analysis shows that, fo the partial loss of reactor coolant flow, the DNBR does not (
decrease below the umMag alue at any time during the transient. The DNBR design basis
is described in Section 4.4. The applicable SRP Section 15.3.1 evaluation criteria are met.

15 3.2 Complete Loss of Forced Reactor Coolant Flow
)

15 3.2.1 Identification of Causes and Accident Description i

A complete loss of flow accident may result from a simultaneous loss of electrical supplies )
to the reactor coolant pumps. If the reactor is at power at the time of the accident, the j

immediate effect of a loss of coolant flow is a rapid increase in the coolant temperature. This |

increase can result in a depanure from nucleate boiling, with subsequent fuel damage if the I

reactor is not tripped promptly.

Electric power for the reactor coolant pumps is supplied through buses from unit auxiliary |

transformers connected to the generator. When a generator trip occurs, the unit auxiliary |
transformers receive power from extemal power lines, and the pumps continue to supply
coolant flow to the core. '

A complete loss of flow accident is a Condition III event (an infrequent fault), as defined in
Subsection 15.0.1. The following signals provide protection against this event:

Reactor coolant pump underspeed*

. esuso3r. no3453i95 Revision: 4
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Low reactor coolant loop flow*

The reactor trip on reactor coolant pump underspeed protects against conditions that can cause
a loss of voltage to the reactor coolant pumps. This function is blocked below approximately
10 percent power (permissive P10).

The reactor trip on reactor coolant pump underspeed is also provided to trip the reactor for
an underfrequency condition resulting from frequency disturbances on the power grid. If the
maximum grid frequency decay rate is less than approximately five Hertz per second, this trip
protects the core from underfrequency events. Reference 3 provides analyses of grid
frequency disturbances and the resulting protection requirements which are applicable to the

The reactor trip on low primary coolant loop flow is provided to protect against loss of flow
conditions that affect only one or two reactor coolant loop cold legs. This function is
generated by two out of four low flow signals per reactor coolant loop cold leg. Above
permissive P8, low flow in any loop actuates a reactor trip. Between approximately
10 percent power (permissive P10) and the power level corresponding to permissive P8, low
flow in any two reactor coolant loop cold legs actuates a reactor trip. If the maximum grid
frequency decay rate is less than approximately 2.5 Hertz per second, this trip function also
protects the core from this underfrequency events. This effect is fully described in
Reference 3.

15.3.2.2 Analysis of Effects and Consequences

15.3.2.2.1 Method of Analysis

The complete loss of flow transient is analyzed for a loss of all four reactor coolant pumps.

For the case analyzed with a complete loss of voltage, followed by the reactor coolant pumps
coasting down, the method of analysis and the assumptions made regarding initial operating
conditions and reactivity coef5cients are identical to those discussed in Subsection 15.3.1,
with one exception. Following the loss of power supply to all pumps at power, a reactor trip
is actuated by the reactor coolant pump underspeed trip.

A loss of forced primary coolant flow can result from a reduction in the reactor coolant pump
motor supply frequency. The results of the complete loss of voltage, followed by the reactor
coolant pump coasting down, bound the complete loss of flow initiated by a frequency decay
of up to 5 Hertz per second. Therefore, only the results of the complete loss of voltage case
are presented in Subsection 15.3.2.2.2.

15.3.2.2.2 Results
lt

Figures 15.3.2-1 through 15.3.2 show the transient response for the complete loss of voltage
to all four reactor coolant pumps. The reactor is assumed to trip on the reactor coolant pump
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15. Accident Analyses

il
Figure 153.2 !shows that the departure from nucleate boiling ratiounderspeed signal.

,

(DNBR) is always greater than the 4+metmg value. I

dnip Udt |
The calculated sequences of events for the cases analyzed are shown in Table 153-1. The |
reactor coolant pumps continue to coast down, and natural circulation flow eventually is
established, as demonstrated in Subsection 15.2.6. With the reactor tripped. a stable plant
condition is attained. Normal plant shutdown may then proceed.'

pW153.23 Conclusions

The analysis performed demonstrates that, for the comple oss of forced reactor coolant flow,
the DNBR does not decrease below the sefny .umiysis limit value at any time during the

| transient. The design basis for the DNBR is described in Section 4.4. The applicable SRP
l Section 153.1 evaluation criteria are met.

1533 Rea: tor Coolant Pump Shaft Seizure (Locked Rotor)

'

1533.1 Identification of Causes and Accident Description

The accident postulated is an instantaneous seizure of a reactor coolant pump rotor, as
discussed in Section 5.4. Flow through the affected reactor coolant loop is rapidly reduced,
leading to a reactor trip on a Low-flow signal.

1

Following the reactor trip, heat stored in the fuel rods continues to be transferred to the
coolant, causing the coolant to expand. At the same time, heat transfer to the shell side of
the steam generators is reduced: first, because the reduced flow results in a decreased tube-
side film coefficient; and second, because the reactor coolant in the tubes cools down while
the shell-side temperature increases. (Turbine steam flow is reduced to zero upon plant trip.)
The rapid expansion of the coolant in the reactor core, combined with reduced heat transfer
in the steam generators, causes an insurge into the pressurizer and a pressure increase
throughout the reactor coolant system (RCS). The insurge into the pressurizer compresses tha
steam volume, actuates the automatic spray system, and opens the pressurizer safety valves,
in that sequence. For conservatism, the pressure-reducing effect of the spray is not included
in the analysis.

This event is classified as a Condition IV incident (a limiting fault), as defined in
Subsection 15.0.1.

15.3 3.2 Analysis of Efrects and Consequences

1533.2.1 Method of Analysis

Two digital computer codes are used to analyze this transient. The LOITRAN code
(Reference 1) is used to calculate the resulting loop and core flow transients following the
pump seizure, the time of reactor trip based on the loop flow transients, and the nuclear power
following reactor trip. itis also used to determine the peak pressure. The thermal behavior

WLS r r rl.La
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15. Accident Analyses

of the fuel located at the core hot spot is investigated by using the FACTRAN code
(Reference 2). This code uses the core flow and the nuclear power calculated by LOFTRAN.
The FACTRAN code includes a film-boiling heat transfer coefficient.

At the beginning of the postulated locked rotor accident (at the time the shaft in one of the
reactor coolant pumps is assamed to seize), the plant is assumed to be in operation under the
most adverse steady-state oprating conditions, that is, maximum stedy-state thermal power,
maximum steady-state pressure, and maximum steady-state coolant average temperature. Plant
characteristics and initial conditions are further discussed in Subsection 15.03. The accident
is evaluated for both cases with and without offsite power available. For the case without
offsite power available, power is lost to the unaffected pumps at reactor trip.

For the peak pressure evaluation, the initial pressure is conservatively estimated as 50 psi
above nominal pressure (2250 psia). This allows for errors in the pressurizer pre:sure
measurement and control channels. This is dcne to obtain the highest possible rise in the
coolant pressure during the transient. To Mn the maximum pressure in the primary side,
conservatively high loop pressure drops are added to the calculated pressurizer pressure.

1533.2.2 Evaluation of the Pressure Transient

After pump seizure, the neutron flux is rapidly reduced by control rod insertion. Rod motion
is assumed to begin 1.45 seconds after the flow in the affected loop reaches 87 percent of
nominal flow. No credit is taken for the pressure-reducing effect of the pressurizer spray,
steam dump, or controlled feedwater flow after plant trip. Although these operations are
expected to result in a lower peak pressure, an additional conservatism is provided by ignoring
their effect.

|

The pressurizer safety valves are fully open at 2575 psia. Their capacity for steam relief is
described in Section 5.4.

)
1533.23 Evaluation of Departure from Nucleate Boiling in the Core During the Accident

For this accident, departure from nucleate boiling (DNB) is calculated to occur in the core.
Therefore, an evaluation of the consequences with respect to fuel rod thermal transients is
performed. Results obtained from analysis of this " hot spot" condition represent the upper
limit with respect to clad temperature and zirconium-water reaction.

In the evaluation, the rod power at the hot spot is conservatively assumed to be 2.6 times the
average rod power (that is, FQ = 2.6) at the initial core power level.

1533.2.4 Film Boiling Coefficient j
,

i

The film-boiling coefficient is calculated in the FACTRAN code (Reference 2) u.cing the |
Bishop-Sandberg-Tong film-boiling correlation. The fluid properties are evaluated at film i

temperature (average between wall and bulk temperatures). The program calculates the film
coefficient at every time step, based upon the actual heat transfer conditions at the time. The
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15. Accident Analyses
(

nuclear power, system pressure, bulk density, and mass flow rate as a function of time are
used as program input.

For this analysis, the ir.itial values of the pressure and the bulk density are used throughout
the transient since they are the most conservative with respect to clad temperature response.
For conservatism, DNB is assumed to start at the beginning of the accident.

1533.2.5 Fuel Clad Gap Coeflicient
.

The magnitude and time dependence of the heat transfer coefficient between fuel and clad
(gap coefficient) have a pronounced influence on the thermal results. The larger the value of
the gap coefficient, the more heat is transferred between pellet and clad. Based on
investigations on the effect of the gap coefficient upon the maximum clad temperature during
the transient, the gap coefficient is assumed to increase from a steady-state value consistent

2with initial fuel temperature to 10,000 Btu /h-ft .oF at the initiation of the transient. Thus, the
large amount of energy stored in the fuel because of the small initial value of the gap 1

coefficient is released to the clad at the initiation of the transient.

1533.2.6 Zirconium-Steam Reaction

The zirconium-steam reaction can become significant above 1800*F (clad temperature). The |
Baker-Just parabolic rate equation is used to define the rate of the zirconium-steam reaction: i

!

2

d (w ) - 33.3 x 10' exp - '#
dt 1.9867 ,

where:

2w = amount reacted (mg/cm )

T = temperature ([KQ A
t = time (s)

The rextion heat is 1510 cal /g.

The effect of the zirconium-steam reaction is included in the calculation of the hot spot
clad temperature transient.

Plant systems and equipment available to mitigate the effects of the accident are
discussed in Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in any
of these systems or equipment adversely affects the consequences of the accident.

.wmsoarn noto33i95 Revision: 4
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&1533.2.7 Results 1 $f
Figures 1533-1 through 1533 show the trans ent results for one locked rotor with four ,

jloops in operation without offsite power available, case bounds the results forgtase

with offsite power. The results of these calculations are also summarized in Table 153E The
peak reactor coolant system pressure reached during the transient is less than that which
causes stresses to exceed the faulted condition stress limits of the ASME Code, Section III. I

Also, the peak clad surface temperature is considerably less than 2700'F. The clad
,

temperature is conservatively calculated, a:suming that departure from nucleate boiling occurs '

at the initiation of the transient. These results represent the most limiting conditions with i

respect to the locked rotor event or the pump shaft break.

The calculated sequence of events for the case analyzed is shown in Table 153-1. With the
reactor tripped, a stable plant condition eventually is attained. Normal plant shutdown may
then proceed.

15333 Radiological Consequences
;

Sh%s.uatpw
|

i
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15. Accident Analyses

153.4 Reactor Coolant Pump Shaft Break

153.4.1 Identification of Causes and Accident Description

The accident is postulated as an instantaneous failum of a reactor coolant pump shaft, as
discussed in Section 5.4. Flow through the affected reactor coolant loop is rapidly reduced,
though the initial rate of reduction of coolant flow is greater for the reactor coolant pump
rotor seizure event. Reactor trip occurs on a Low-flow signal in the affected loop.

Following the reactor trip, heat stored in the fuel rods continues to be transferred to the
coolant, causing the coolant to expand. At the same time, heat transfer to the shell side of
the steam generators is reduced: first, because the reduced flow results in a decreased tube-
side film coefficient; and second, because the reactor coolant in the tubes cools down while

the shell-side temperature increases. (Turbine steam flow is reduced to zero upon plant trip.)
The rapid expansion of the coolant in the reactor core, combined with reduced heat transfer i

in the steam generators, causes an insurge into the pressurizer and a pressure increase
throughout the reactor coolant system. The insurge into the pressurizer compresses the steam
volume, actuates the automatic spray system and opens the pressurizer safety valves, in that
sequence. For conservatism, the pressure-reducing effect of the spray is not included in the
analysis.

This event is classified as a Condition IV incident (limiting fault), as defined in
Subsection 15.0.1.

153.4.2 Conclusion

With a failed shaft, the impeller could be free to spin in a reverse direction as opposed to
being fixed in position as assumed in the locked rotor analysis. However, the net effect on
core flow is negligible, resulting in only a slight decrease in the end point (steady-state) core
flow. For both the shaft break and locked rotor incidents, reactor trip occurs very early in the
transient. In addition, the locked rotor analysis conservatively assumes that departure from
nucleate boiling (DNB) occurs at the beginning of the transient. The calculated results

esented for the locked rotor analysis bound the reactor coolant pump shaft break event.
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Table 15.3-1

TIME SEQUENCE OF EVENTS FOR INCIDENTS
TIIAT RESULT IN A DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE

I

Accident Event Time (s)

Partial loss of forced reactor
coolant flow |

Loss of two pumps Coastdown begins 0.00
with four pumps Low-flow reactor trip 0.56 )
running Rods begin to drop Mt 2.0\ |

Minimum DNBR occurs 3.90

Complete loss of forced reactor i
coolant |

|

Loss of four pumps Operating pumps lose power and begin coasting down 0.00
,

with four pumps Reactor coolant pump under speed trip point reached 0.32 I

running Rods begin to drop -MO 147 !
Minimum DNBR occurs MG310 '

l

Reactor coolant pump shaft I

seizure (locked rotor) |

One locked rotor Rotor on one pump locks 0.00
with four pumps Low-flow trip point reached 0.01
running with offsite Rods begin to drop 1,46

power available. Maximum clad temperature occurs E09 2.AO
Maximum reactor coolant system pressure occurs B-904%

One locked rotor Rotor on one pump locks 0.00
with four pumps Low-flow trip point reached 0.01
running without Rods begin to drop, loss of offsite power occurs L46
offsite power Maximum clad temperature occers 3.10
Ovailable. Maximum reactor coolant system pressure occurs 4-2e %$O
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Table 15.3-2

SUMMARY OF RESULTS FOR LOCKED ROTOR TRANSIENTS
(FOUR REACTOR COOLANT PUMPS OPERATING INITIALLY)

E-

Without
Offsite Power

Available

Maximum RCS pressure (psia) ttt4 2L,57

Maximum clad temperature, core hot spo' ('F) +029 nhl

Zr-H O reaction, core hot spot (percent by weight) 6 M O.%2

i
,

)

!

|

|

5 |

l

I
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Table 15.3-4
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Figure 15.3.1-1 A
i

Flow Transient for Four Cold Legs in Operation, 1

Two Pumps Coasting Down
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Loop 1 Flow (Fraction of Nominal)
/1.4

1 2 -

1 0

08 -

0.6 -

N
O4 -

0.2 -

I I I I I I I0.0
O 1 2 3 4 5 6 7 8 9 10

Time CSecJ

l
1

Figure 15.3.1-1 B

Flow Transient for Four Cold Legs in Operation,
Two Pumps Coasting Down
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Figure 15.3.1-2 A

Nuclear Power Transient for Four Cold Legs in Operation,
Two Pumps Coasting Down
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Figure 15.3.1-2 B

Pressurizer Pressure Transient for Four Cold Legs in Operation,
Two Pumps Coasting Down
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Heat Flux (Frac of Nom) ~
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Figure 15.3.1-3 A
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Average Channel IIeat Flux Transient for Four Cold
Legs in Operation, Two Pumps Coasting Down
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Figure 15.3.1-3 B

Ilot Channel Heat Flux Transient for Four Cold
Legs in Operation, Two Pumps Coasting Down
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Figure 15.3.1-4
!

DNBR vs. Time for Four Cold Legs in Operation,
Two Pumps Coasting Down

e wvisi303rn. nows 3i95 Revision: 4
W W85tifigh0US8 15.3-29 August 31,1995

_ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _



15. Accident Analyses

i

i

I
!

|

|
Revision: 4 au-3uso3rono3.o33i95
August 31,1995 15.3-30 Westinghouse

i

_



_ _ _ _ _ _ - _ _ - _ - - -

I.
L

: : _-_ :

15. Accident Analyses
n-

Reactor Vessel F low (Fract ion of ominal)
1.4

1 2 -

1 0

08 -

06 -

0.4 -

02 -

I I I I ! I I I I0.0
O 2 3 4 5 6 7 8 9 10

Time (Sec)

|

|
'

Figure 15.3.2-1

Flow Transient for Four Cold Legs in Operation,
Four Pumps Coasting Down
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!

Nuclear Power Transient for Four Cold Legs in Operation,
Four Pumps Coasting Down I
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Figure 1533-1
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Figure 15.3.3 3
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15. Accident Analyses

15.4 Reactivity and Power Distribution Anornalies

A number of faults are postulated which result in reactivity and power distribution anomalies.
Reactivity changes could be caused by control rod motion or ejection, boron concentration
changes, or addition of cold water to the reactor coolant system (RCS). Power distribution
changes could be caused by control rod motion, misalignment, or ejection, or by static means
such as fuel assembly mislocation. These events are discussed in this section. Detailed
analyses are presented for the most limiting of these events.

Discussions of the following incidents are presented in this section:

A. Uncontrolled rod cluster control assembly bank withdrawal from a subcritical or Low-
power startup condition.

B. Uncontrolled rod cluster control assembly (RCCA) bank withdrawal at power.

|
C. Rod cluster control assembly misalignment.

~

|
1

D. Startup of an inactive reactor coolant pump at an incorrect temperature. i

E. A malfunction or failure of the flow controller in a boiling water reactor recirculation
loop that results in an increased reactor coolant flow rate (not applicable to AP600).

F. Chemical and volume control system malfunction that results in a decrease in the boron
concentration in the reactor coolant. '

,

|

| G. Inadvertent loading and operation of a fuel assembly in an improper position.

|
H. Spectmm of rod cluster control assembly ejection accidents.

1

Items A, B, D, and F above are Condit on II events, item G a Condition III event, and item {
H a Condition IV event. Item C entails both Conditions II and III events.

The applicable accidents in this section have been analyzed. It has been determined that the
most severe radiological consequences result from the complete rupture of a control rod drive
mechanism housing provided in Subsection 15.4.8.

'Iherefore, radiological consequences are reported only for that limiting case.

otsarmv3MSMin.R03 053195 Revision: T/r
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15. Accident Analyses

1

15.4.1 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from a Subcritical or
Low-Power Startup Condition

15.4.1.1 Identificatio1 of Causes and Accident Description

A rod Liuster control assembly (RCCA) withdrawal accident is an uncontrolled addition of
reactivity to the reactor core caused by the withdrawal of rod cluster control assemblies which
results in a power excursion. Such a transient can be caused by a malfunction of the reactor
control or rod control systems. This can occur with the reactor suberitical, at hot zero power
or at power. The "at power" case is discussed in Subsection 15.4.2.
Although the reactor is normally brought to power from a subcritical condition by means of
RCCA withdrawal, initial stanup procedures with a clean core call for boron dilution. The
maximum rate of reactivity increase in the case of boron dilution is less than that assumed in
this analysis. (See Subsection 15.4.6.)

The RCCA drive mechanisms are grouped into preselected bank configurations. These groups
prevent the RCCAs from being automatically withdrawn in other than their respective banks.
Power supplied to the banks is controlled such that no more than two banks are withdrawn
at the same time and in their proper withdrawal sequence. The RCCA drive mechanisms are
the magnetic latch type, and coil actuation is sequenced to provide variable speed travel. The
maximum reactivity insertion rate analyzed is that occurring with the simultaneous withdrawal
of the combination of two sequential RCCA banks having the maximum combined wonh at
maximum speed.

This event is a Condition 11 event (a fault of moderate frequency) as defined in
Subsection 15.0.1.

The neutmn flux response to a continuous reactivity insertion is characterized by a fast rise
terminated by the reactivity feedback effect of the negative Doppler coefficient. This self-
limitation of the power excursion limits the power during the delay time for protective action.
Should a continuous RCCA withdrawal accident occur, the transient is terminated by the
following automatic features of the reactor protection system:

.

Source Range High Neutron Flux Reactor Trip+

This trip function is actuated when two out of four independent source range channels
indicate a neutron flux level above a preselected, manually adjustable setpoint. It may
be manually bypassed only after an intermediate range flux channel indicates a flux level
above a specified level. It is automatically reinstated when the coincident two out of
four intermediate range channels indicate a flux level below a specified level.

Intermediate Range High Neutron Flux Reactor Trip.

This trip function is actuated when two out of four independent, intermediate range
channels indicate a flux level above a preselected, manually adjustable setpoint. It may
be manually bypassed only after two out of four power range channels are reading above
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August 31,1995 15.4-2 W95tiligh0USB

s



n.ans.m
15. Accident Analyses

approximately 10 percent of full power. It is automatically reinstated wh;n the
coincident two out of the four channels indicate a power level below this value.

Power Range High Neutron Flux Reactor Trip (Low Setting)*

This trip function is actuated when two out of four power range channels indicate a
power level above approximately 25 percent of full power. It may be manually bypassed
when two out of four power range channels indicate a power level above approximately
10 percent of full power. It is automatically reinstated when the coincident two out of
four channels indicate a power level below this value.

Power Range High Neutron Flux Reactor Trip (High Setting)*

This trip function is actuated when two out of four power range channels indicate a
power level above a preset setpoint. It is always active.

High Nuclear Flux Rate Reactor Trip*

This trip function is actuated when the positive rate of change of neutron flux on two out
of four nuclear power range channels indicate a rate above the a preset setpoint. The trip
may be manually bypassed after the coincident two out of four nuclear power range
channels are manually reset.

In addition, control rod stops on high intermediate range flux level (one out of two) and
high power range flux level (one out of four) serve to discontinue rod withdrawal and
prevent the need to actuate the intermediate range flux level trip and the power range
flux level trip, respectively.

15.4.1.2 Analysis of Effects and Consequences

15.4.1.2.1 Method of Analysis

'Ihe analysis of the uncontrolled RCCA bank withdrawal from subcritical accident is
performed in three stages: first, an average core nuclear power transient calculation; then, an
average core heat transfer calculation; and finally, the departure from nucleate boiling ratio
(DNBR) calculation. In the first stage, the average core miclear calculation is performed using
spatial neuao i kinetics methods, TWINKLE (Reference 1), to determine the average power
generation with time, including the various total core feedback effects,(doppler reactivity and
moderator reactivity).

In the second stage, the average heat flux and temperature transients are determined by -

performing a fuel rod transient heat transfer calculation in FACTRAN (Reference 2). In the
final stage, the average heat flux is used in THINC (described in Section 4.4) for the transient
DNBR calculation.
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,

Plant characteristics and initial conditions are discussed in Subsection 15.0.3. To give
conservative results for a stanup accident, the following assumptions are made:

Since the magnitude of the power peak reached during the initial pan of the transient for*

any given rate of reactivity insertion is strongly dependent on the Doppler coefficient,
conservatively low values, as a function of power, are used (See Table 15.0-2).

Contribution of the moderator reactivity coefficient is negligible during the initial part*

of the transient because the heat transfer time between the fuel and the moderator is
much longer than the neutron flux response time. After the initiel neutron flux peak, the
succeeding rate of power increase is affected by the moderator reactivity coefficient. A
conservative value is used in the analysis to yield the maximum peak heat flux. (See
Table 15.0-2.)

The reactor is assumed to be at hot zero power. This assumption is more conservative*

than that of a lower initial system temperature. The higher initial system temperature
yields a larger fuel-water heat transfer coefficient, larger specific heats, and a less
negative (smaller absolute magnitude) Doppler coefficient, all of which tend to reduce
the Doppler feedback effect, thereby increasing the neutron flux peak. The initial
effective multiplication factor (k rr) is assumed to be 1.0, since this results in the worste
nuclear power transient.

Reactor trip is assumed to be initiated by the power range high neutron flux (Iow*

setting). The most adverse combination of instrument and setpoint errors, as well as
delays for trip signal actuation and RCCA release, is taken into account. A 10 percent
uncertainty increase is assumed for the pc wer range flux trip setpoint, raising it from the
nominal value of 25 to 35 percent.

Since the rise in the neutron flux is so rapid, the effect of errors in the trip setpoint on
the actual time at which the rods are released is negligible. In addition, the reactor trip
insenion characteristic is based on the assumption that the highest worth rod cluster
control assembly is stuck in its fully withdrawn position. See Subsection 15.0.5 for rod
cluster control assembly insertion characteristics.

The maximum positive reactivity insenion rate assumed is greater than that for the*

simultaneous withdrawal of the combination of the two sequential RCCA banks having
the greatest combined wonh at maximum speed (45 inches per minute). Control rod
drive mechanism design is discussed in Section 4.6.

The most limiting axial and radial power shapes, associated with having the two highest*

combined worth banks in their High-worth position, are assumed in the depanure from
nucleate boiling (DNB) analysis.

The initial power level is assumed to be below the power level expected for any*

shutdown condition (10-9 of nominal power). The combination of highest reactivity
insenion rate and lowest initial power produces the highest peak heat flux.
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15. Accident Analyses

Three reactor coolant pumps are assumed to be in operation..

Pressurizer pressure is assumed to be 50 psi below nominal for steady-state fluctuations*

and measurement uncertainties.

Plant systems and equipment available to mitigae the effects of the accident are discussed in
,

! Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in any of these systems
or components adversely affect the consequences of the accident.

15.4.1.2.2 Results

Figures 15.4.1-1 through 15.4.1-3 show the transient behavior for the uncontrolled RCCA
bank withdrawal from subcritical incident. The accident is terminated by reactor trip at 35
percent of nominal power. The reactivity insertion rate used is greater than that calculated
for the two highest-worth sequential rod cluster control banks, both assumed to be in their
highest incremental worth region.

Figure 15.4.1-1 shows the average neutron flux transient. The energy release and the fuel
temperature increases are relatively small. The heat flux response (of interest for DNb
considerations) is also shown in Figure 15.4.1-2. The beneficial effect of the inherent thermal
lag in the fuel is evidenced by a peak heat flux much less than the full-power nominal value.
There is margin to DNB during the transient since the rod surface heat flux remains below
the critical heat flux value, and there is a high degree of subcooling at all times in the core.
Figure 15.4.1-3 shows the response of the average fuel and cladding temperatures. The
minimum DNBR at all times remains above the safety analysis limit value.

The calculated sequence of events for this accident is shown in Table 15.4-1. With the reactor
tripped, the plant returns to a stable condition. The plant may subsequently be cooled down
further by following normal plant shutdown procedures.

15.4.1.3 Conclusions

In the event of a RCCA withdrawal accident from the suberitical condition, the core and the
reactor coolant system are not adversely affected, since the combination of thermal power and
the coolant temperature result in a DNBR greater than the safety analysis limit value. Thus
no fuel or cladding damage is predicted as a result of DNB.

15.4.2 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power i

15.4.2.1 Identification of Causes and Accident Description

Uncontrolled rod cluster control assembly (RCCA) bank withdrawal at power results in an
increase in the core heat flux. Since the heat extraction from the steam generator lags behind
the core power generation until the steam generator pressure reaches the relief or safety valve
setpoint, there is a net increase in the reactor coolant temperature. Unless terminated by
manual or automatic action, the power mismatch and resultant coolant temperature rise could
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fy"b,

eventually result in depanure fro nucleate boiling (DNB). Therefore, to avert damage to the
fuel clad, the teem 5 protection ystem is designed to terminate any such transient before the
departure from nucleate boihng ratio (DNBR) falls below he safety analysis limit.

This event is a Condition II incident (a fault of moderate frequency) as defined in
Subsection 15.0.1.

M
The automatic features of the seeeter protection ystem that prevent core damage following
the postulated accident include the following:

Power range neutron flux instrumentation actuates a reactor trip if two out of four*

channels exceed an overpower setpoint.

Reactor trip is actuated if any two out of four AT channels exceed an overtemperature*

AT setpoint. This setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressure to protect against DNB.

Reactor trip is actuated if any two out of four AT channels egecd an overpower AT-

setpoint. This setpoint is automatically varied with axial power imbalance to prevent the
allowable heat generation rate (kW/ft) from being exceeded.

A high pressurizer pressure reactor trip is actuated from any two out of four pressure*

channels when a set pressure is exceeded. His set pressure is less than the set pressure
for the pressurizer safety valves.

A high pressurizer water level rezctor trip ;s actuated from any two out of four level*

channels that exceed the setpoint when the reactor power is above approximately 10 per-
cent (permissive-PIO).

In addition to the preceding reactor trips, there are the following RCCA withdrawal blocks:

High neutron flux (two out of four power range)=

Overpower AT (two out of four)=

Overtempenture AT (two out of four).

The manner in which the combination of overpower and overtemperature AT trips provide
protection over the full range of reactor coolant system conditions is described in Chapter 7.
Figure 15.0.3-1 presents allowable reactor coolant loop average temperature and AT for the
design power distribution and flow as a function of primary coolant pressure. The boundaries
of operation defined by the overpower AT trip and the overtemperature AT trip are represented
as " protection lines" on this diagram. The protection lines are drawn to include adverse
instrumentation and setpoint uncenainties so that under nominal conditions a trip occurs well
within the area bounded by these lines. The utility of this diagram is that the limit imposed
by any given DNBR is represented as a line. He DNB lines represent the locus of conditions
for which the DNBR equals the safety analysis limit value. Points below and to the left of
a DNB line for a given pressure have a DNBR greater than the safety analysis limit value.
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15. Accident Analyses

The diagram shows that DNB is prevented for cases where the area enclosed with the
maximum protection lines is not traversed by the applicable DNBR line at any point.

He area of permissible operation (power, pressure, and temperature) is bounded by the
combination of reactor trips:

High neutron flux (fixed setpoint)=

High pressurizer pressure (fixed setpoint)=

Low pressurizer pressure (fixed setpoint)*

Overpower and overtemperature AT (variable setpoints)*

15.4.2.2 Analysis of Effects and Consequences

15.4.2.2.1 Method of Analysis

This transient is analyzed by the LOFTRAN code. (Reference 3) This code simulates the
neutron kinetics, reactor coolant system, pressurizer, pressurizer safety valves, pressurizer
spray, steam generators, and steam generator safety valves. The code computes pertinent plant
variables including temperatures, pressures, and power level. The core limits as illustrated in
Figure 15.0.3-1 are used as input to LOFTRAN to determine the minimum DNBR during the
transient.

Plant characteristics and initial conditions are discussed in Subsection 15.0.3. To perform a
conservative analysis for an uncontrolled RCCA bank withdrawal at power accident, the
following assumptions are made:

The nominal initial conditions are assumed in acconiance with the revised thermal design*

procedure (RTDP). Uncertainties in the initial conditions are included in the DNBR limit
as described in Reference 11.

Reactivity coefficients-two cases are analyzed:*

Minimum Reactivity Feedback - A least negative moderator temperature c.> efficient of
reactivity is assumed, corresponding to the beginning of core life. A va<iable Doppler
power coefficient with core power is used in the analysis. A conservatively small (in
absolute magnitude) value is assumed (See Figure 15.0.4-1.)

Maximum Reactivity Feedback - A conservatively large positive moderator density
coefficient and a large (in absolute magnitude) negative Doppler power coefficient are
assumed (See Figure 15.0.4-1.)

The reactor trip on high neutron flux is assumed to be actuated at a conservative value=

of 118 percent of nominal full power. The AT trips include adverse instrumentation and
setpoint uncertainties: the delays for trip actuation are assumed to be the maximum
values.

otsanev3\l504fn.R03453195 Revision: 3
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The rod cluster control assembly trip insertion characteristic is based on the assumption.

that the highest-worth assembly is stuck in its fully withdrawn position.

A range of reactivity insertion rates is examined. 'Ihe maximum positive reactivity*

insertion rate is greater than that for the simultaneous withdrawal of the combination of
the two control banks, having the maximum combined worth at maximum speed.

The effect of RCCA movement on the axial core power distribution is accounted for by
causing a decrease in overtemperature AT trip setpoint proponional to a decrease in margin
to DNB.

Plant systems and equipment available to mitigate the effects of the accident are discussed in
Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in these systems or
equipment adversely affects the consequences of the accident. A discussion of anticipated
transients without scram considerations is presented in Section 15.8.

15.4.2.2.2 Results

Figures 15.4.2-1 through 15.4.2-6 show the transient response for a representative rapid RCCA
withdrawal incident starting from full power. Reactor trip on high neutron flux occurs shonly
after the start of the accident. Since this is rapid with respect to the thermal time constants
of the plant, small changes in temperature and pressure result, and margin to DNB is
maintained. The design basis for DNBR is described in Section 4.4.

The transient response for a representative slow rod cluster control assembly withdrawal from
full power is shown in Figures 15.4.2-7 through 15.4.2-12. Reactor trip on overtemperature
AT occurs after a longer period. The rise in temperature and pressure is consequently larger

,

than for rapid RCCA withdrawal. The minimum DNBR is greater than the safety analysis |

limit value.

i

Figure 15.4.2-13 shows the minimum DNBR as a function of reactivity insertion rate from j
initial full-power operation for minimum and maximum reactivity feedback. Two reactor trip i
functions provide protection over the whole range of reactivity insenion rates. These are the i

high neutron flux and overtemperature AT channels. The minimum DNBR is never less than
the safety analysis limit value.

Figures 15.4.2-14 and 15.4.2-15 show? the minimum DNBR as a function of reactivity I
insertion rate for RCCA withdrawal incidents for minimum and maximum reactivity feedback,
starting at 60 and 10 percent power, respectively. The results are similar to the 100 percent
power case, except as the initial power is decreased, the range over which the overtemperature
AT trip is effective is increased. In neither case does the DNBR fall below the safety analysis
limit.

The shape of the curves of minimum DNBR versus reactivity insenion rate in the referenced
figures is due both to reactor core and coolant system transient response and to protection
system action in initiating a reactor trip.
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Referring to Figure 15,4.2-14, for example, :t is noted that:

A. For high reactivity insenion rates (between 10 pcm/s and 110 pcm/s) reactor trip is
initiated by the high neutron flux trip for the minimum reactivity feedback cases.
Reactor trip is init' ed by high neutron flux for reactivity insertion rates between

,

approximately 'f5/ s and 110 pcm/s for the maximum reactivity feedback cases. The
neutron flux level in the core rises rapidly for these insertion rates while core heat flux
and coolant system temperature lag behind due to the thermal capacity of the fuel and
coolant system fluid. Rus, the reactor is tripped prior to a significant increase in heat
flux or water temperature with resultant high minimum DNBRs during the transient. As
reactivity insertion rate decreases, core heat flux and coolant temperatures remain more
nearly in equilibrium with the neutron flux. Thus, minimum DNBR during the transient
decreases with decreasing insenion rate.

B. The overtemperature AT reactor trip circuit initiates a reactor trip when measured coolant
loop AT exceeds a setpoint based on measured reactor coolant system average
temperature and pressure. This trip circuit is described in Chapter 7. The average
temperature contribution to the circuit is lead-lag compensated to decrease the effect of
the thermal capacity of the reactor coolant system in response to power increases.

For reactivity insertion rates less than*hm/s for the minimum feedback cases, the riseC.
in reactor coolant system pressure is sufficiently high that the pressurizer safety valve
setpoint is reached prior to reactor trip. Opening of this valve limits the rise in reactor
coolant pressure as the temperature continues to rise. Since the overtemperature AT
reactor t: , setpoint is based on both temperature and pressure, limiting the reactor
coolant pressure by opening the pressurizer safety valve brings about the overtemperature
AT carlier than if the valve remains closed. For this reason, the overtemperature AT
setpoint initiates reactor trip at reactivity insertion rates of approximately 7 pcm/s for the

minimum feedback cases and as high as gpcm/s for the maximum feedback cases.* 5
D. For reactivity insertion rates less than approximately4[pcm/s for the minimum feedback

cases and less than approximately 50 pcm/s for maximum feedback cases, the rise in the
reactor coolant temperature is sufficiently high so that the steam generator safety valve
setpoint is reached prior to trip. Opening of these valves, which act as an additional heat
load of the reactor coolant system, sharply decreases the rate of increase of reactor
coolant system average temperature. His decrease in the rate of increase of the average
coolant system temperature during the transient is accentuated by the lead-lag
compensation. This causes the overtemperature AT setpoint to be reached later, with
resulting lower minimum (DNBRs).

The delay in overtemperature AT reactor trip due to the opening of the steam generator
safety valves outweighs the effect of the opening of the pressurizer safety valve (as
described in item C) and causes the high neutron fl setpoint to initiate reactor trip for
reactivity ineertion rates less than roximately 9 m/s for cases of minimum feedback
and less than approximately M m/s for cases of maximum feedback. At these slow
insertion rates, a sharp decrease in minimum DNBR occurs.
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E. With further decrease in mactivity insertion rate, the ovenemperature AT and high
neutrcn flux trips become equally effective in terminating the transient. For reactivity j
insertion rates less than approximately 1 pcm/s for minimum feedback cases and i

insertion rates less than approximately 40 s for maximum feedback cases, the
overtemperature AT trip predominates and the effectiveness of the overtemperature AT
trip increases (in tenns of increased minimum DNB) due to the fact that for these lower
reactivity insertion rates the power increase is slower, the rate of rise of average coolant
temperature is slower, and the system lags and delays become less significant.

For transients initiated from full power (See Figure 15.4.2-13), the competing effects due to
the opening of the pressurizer safety valve and steam generator safety valves described in
items C and D are demonstrated only for the maximum feedback cases. Both the over-
temperature AT and high neutron flux trips are equally effective ii, terminating the transient
for insenion rates between approximatelv 10 pcm/s and 20 pcm/s. He effect of the opening
of the steam generator safety valves is demonstrated for the reactivity insertion rate of

M(pcm/s where the sharp peak in minimum DNBR occurs.
6

The transients iqitiated from 10% power (See Figure 15.4.2-15) exhibit the same trends in
minimum DNTJR, but the results are bounded by those from the transients initiated from
higher power levels.

Figures 15.4.2-13,15.4.2-14, and 15.4.2-15 illustrate minimum DNBR calculated for minimum
and maximum reactivity feedback.

Since the RCCA withdrawal at power incident is an overpower transient, tae fuel temperatures
rise during the transient until after reactor trip occurs. For high reactivity insenion rates, the
overpower transient is fast with respect to the fuel rod thermal time constant and the core heat
flux lags behind the neutron flux response. Taking into account the effect of the RCCA
withdrawal on the axial core power distribution, the peak fuel temperature still remains below
the fuel melting temperature.

For slow reactivity insenion rates, the core heat flux remains more nearly in equilibrium with
the neutron flux. The overpower transient is terminated by the ovenemperature AT reactor
trip before a DNB condition is reached. Taking into account the effect of the RCCA
withdrawal on the axial core power distribution, the peak clad centerline temperature remains
below the fuel melting temperature.

The reactor is tripped fast enough during the RCCA bank withdrawal at power transient that
the ability of the primary coolant to remove heat from the fuel rods is not reduced. Thus, the
fuel cladding temperature does not rise significantly above its initial value during the transient.

The calculated sequence of events for this accident is shown in Table 15.4-1. With the reactor '

tripped, the plant returns to a stable condition. The plant may be cooled down further by
following normal plant shutdown procedures.

1

!
j
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15. Accident Analyses 5

15.4.2.3 Conclusions

ne high neutron flux and overtemperature AT trip functions provide adequate protection over
,

the entire range of possible reactivity insertion rates. (The minimum value of DNBR is i

always larger than the limiting .alue.) ;

15.4.3 Rod Cluster Control Assembly Misalignment (System Malfunction or Operator Error)

15.4.3.1 Identification of Causes and Accident Description

Rod cluster control assembly (RCCA) misoperation accidents include:

One or more dropped RCCAs within the same group.

- hawwA "CC.^.b &
Statically misaligned RCCA*

Withdrawal of a single RCCA*

Each RCCA has a position indicator channel which displays the position of the assembly. The
displays of assembly positions are grouped for the operator's convenience. Fully inserted
assemblies are further indicated by a rod at bottom signal, which actuates a local alarm and
a main control room annunciator. Group demand position is also indicated.

RCCAs are moved in preselected banks, and the banks are moved in a preselected sequence.
Each bank of RCCAs is divided into one or two groups of four or five RCCAs each. We
rods comprising a group operate in parallel through a multiplexing system, using thyristors.
The two groups in a bank move sequentially such that the first group is always within one
step of the second group in the bank. A dermite schedule of actuation (or deactuation) of the
stationary gripper, movable gripper, and lift coils of a mechanism is required to withdraw the
rod cluster control assembly attached to the mechanism. Since the stationary gripper, movable
gripper, and lift coils associated with the rod cluster control assemblies of a rod group are
driven in parallel, any single failure which causes rod withdrawal affects the entire group.
Mechanical failures can cause either RCCA insertion or immobility, but not RCCA
withdrawal.

The dropped RCCAs, dropped RCCA bank, and statically misaligned RCCA events are
Condition IIincidents (incidents of moderate frequency) as defined in Subsection 15.0.1. The
single RCCA withdrawal event is a Condition III incident, as discussed below.

'

No single electrical or mechanical failure in the rod control system could cause the accidental
withdrawal of a single RCCA from the insened bank at full-power operation. The operator
could withdraw a single RCCA in the control bank, since this feature is necessary in order to
retrieve an assembly should one be accidentally dropped. The event analyzed results from
multiple wiring failures or multiple significant operator errors and subsequent and repeated
operator disregard of event indication. The probability of such a combination of conditions
is considered Icw such that the limiting consequences may include slight fuel damage.

[
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Thus, consistent with the philosophy and format of American National Standards Institute
ANSI N18.2, the event is classified as a Condition III incident. By definition, " Condition III j
occurrences include incidents, any one of which may occur during the lifetime of a particular i

plant," and "shall not cause more than a small fraction of fuel elements in the reactor to be
damaged . . (Reference 12)."

This selection of criterion is in accordance t.th General Design Criterion (GDC) 25, which
states, "The protection system shall be designed to assure that specified acceptable fuel design
limits are not exceeded for any single malfunction of the reactivity control systems, such as
accidental withdrawal (not ejection or dropout) of control rods." (Emphases have been
added.) It has been shown that single failures resulting in RCCA bank withdrawals do not
violate specified fuel design limits. Moreover, no single malfunction can result in the
withdrawal of a single RCCA. Thus, it is concluded that criterion established for the single
rod withdrawal at power is appropriate and in accordance with General Design Criterion 25.

r(n**) %
A dropped RCCA or RCCA banksidetected bp one, or tnord:. c8 64 4tMhCf

Sudden drop in the core power level as seen by the nuclear instrumentation systema

Asymmetric power distribution as seen by the in core or ex-core neutron detectors or=

core exit thermocouples, through % on-line core monitoring p

Rod at bottom signal=

Rod deviation alarm*

Rod position indication*

#4 nef hm'a r y gym 7UN $y 3
avis sys u s, ,

,,,, m er ,w. m 7,_,:,, , ~ y, ; ,,,,- . . .

auudcGuuas ,.&.. 4. vg *

#Misaligned RCCAs are detected bf W

Asymmetric power distribution as seen by the in-core or ex-core neutron detectors or=

core exit thermocouples, through d+on-line core monitoring setem

Rod deviation alarm=

Rod position indicators -=

The resolution of the rod position indicator channel is 15 percent span (17.5 inches). A
deviation of any rod cluster control assembly from its group by twice this distance (10 percent
of span or 15 inches) does not cause power distributions worse than the design limits. The
deviation alarm alerts the operator to rod deviation with respect to the group position in excess

1
I
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15. Accident Analyses

of five percent of span. If the rod deviation alarm is not operable, the operator takes action
as required by the technical specifications.

f If one or more of the rod position indicator channels is out of service, detailed operating
instructions are followed to verify the alignment of the nonindicated RCCAs. The operator
also takes action as required by the technical specifications.

f

In the extremely unlikely event of multiple electrical failures which result in single RCCA
withdrawal, rod deviation and rod control urgent failure are both displayed on the plant
annunciator, and the rod position indicators indicate the relative positions of the assemblies
in the bank. The urgent failure alarm siso inhibits automatic rod motion in the group in
which it occurs. Withdrawal of a single RCCA by operator action, whether deliberate or by
a combination of errors, results in activation of the same alarm and the same visual indication.
Withdrawal of a single RCCA results in both positive reactivity insertion tending to increase
core power and an increase in local power density in the core area associated with the rod !
cluster control assembly. Automatic protection for this event is provided by the ovenempera-

J
ture AT reactor trip. The Condition III SRP Section 15.43 evaluation criteria are met; howev-

|

er, due to t'ie increase in local power density, the limits in Figure 15.03-1 may be exceeded. |
|

Plant systems and equipment which are available to mitigate the effects of the various control I
rod misoperations are discussed in Subsection 15.0.8 and listed in Table 15.0-6. No single
active failure in any of these systems or equipment adversely affects the consequences of the
accident.

I15.4 3.2 Analysis of Effects and Consequences

15.4 3.2.1 Dropped RCCAs, Dropped RCCA Bank, and Statically Misaligned RCCA

15.4 3.2.1.1 Method of Analysis
|

One or More Dropped Rod Cluster Control Assemblies from the Same Group=

A drop of one or more rod cluster control assemblies (RCCAs) from the same groupr.os.
a-J.vered RCCA td. results in an initial reduction in the core power and a
perturbation in the core radial power distribution. Depending on the worth and position
of the dropped rods, this may cause the allowable design power peaking factors to be
exceeded. F: ".b a.:ua;;ca, 'h: red &cp b de:::::d by dic dropped RCCA y.vimavu

aye' , -bich x:ua::: oiaiui and ou ouivu.ons .vJ wiid.aw;! b!se'.c. S : red.o

.wiidm..J b: J shuur ^: pc:::i2 for a scx:cr peec:r swLvvi, L;ch ; J Jm

' frc- RCCA bani uutwaid muds: :- 'b antnmntic r~' :c;.:;ol raed , Jm Jm

(_
e-^- 5:h=:= % 'h =e r :- 'he x.=rd evunvi u~de. Following the drop, the
educed core power and continued steam demand to the turbine causes the reactor coolant h EM*"

4 t4 a. n o M w oi temperature tu decre$ elfin the presence of a negative moderator temperature coefficient, h1ve4a MM# the reactor power rises monotonically back to the initini nnwer level at a reduced inlet eMWiM
O 'W "" # temperature with no power overshoot. (Tw most iinddug cvudiduu> vu . a; :h:' *Mb" M

.c::dpo;a; cf de : an9 "re S: reac;v. yv~ a Jm ;u3 ei. If the RCS temperature )h a**WN fu
j ,,u$ cue. {'udiWon p mehd

$rntp (%fM i h ad U i I
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reduction is very large, the turbine power may not be able to be maintained due to the
reduction in the secondary-side steam oressure and the volumetric flow limit of the
turbine system. In this case, the e([uilib'riwn power level is less than the initial power. b

|

For evaluation of the dropped RCCA event, the transient system response is calculated |
using the LOFTRAN code (Reference 3). De code simulates the neutron kinetics, i

reactor coolant system, pressurizer, pressurizer safety valves, pressunzer spray, steam
generator and steam generator safety valves. De code computes pertinent plant variables
including temperatures, pressures and power level.

Steady-state nuclear models using the computer codes described in p !
to obtain a hot channel factor consistent with the primary system c3pe,blp 4.1-2 are used4

.n conditions and I

reactor power. By !=cyndng & pdcry 00:52= f em 6: = int endpoin =d9 _ |
'

the hot channel factor from the nuclear analysis, the departure from nucleate boiling
(DNB) design basis is shown to be met using the THINC code. % . N g e ,trm,%g5

PM dbs Jt
.

. m _ m o m -, . . _ _ m - _,.m...m___
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eingle er mddp!e rad &cp frem me r= gr^"p even+ dt==d fcve = cept 2-+ Sr
!*, a p^tendd fer 2 g-aa'ar readvity !-zer'icn aad, &e te Se sy="'e'-ic a~=gement of
m e R C C.Az in 2 b=k, me rMM pov;er de+-ibuden i: cy=ne+i. 'ne ret ^d of

aaayeir for * hic avaa* ic +ha ce=a ac far the dena af aaa ar = era DCC A e fee = <ha ca--
group. Due to 9;c rMM sy-~-my of We pen'er 6 Leibu&n, m's event !: +yp!ed!y !er
!!-ede; 'hae me iep cf ene er mere RCC.^2 frc= Se = gr=p.-

Statically Misaligned Rod Cluster Control Assembly*

Steady-state power distributions are analyzed using the computer codes as described in
Table 4.1-2. The peaking factors are then used as input to the THINC code to calculate
the departure from nucleate boiling ratio (DNBR).

15.4.3.2.1.2 Results

One or More Dropped Rod Cluster Control Assemblies*

Figures 15.4.31 through .4.3 4 show the typical transient response of the reactor to gg'
a dropped (or ) in nunx.' control, or in automatic control.with $c redy i
'"!$5v;d b!^ct engagei *!$ ne c=re! red =c+ ice,6 icp cf -in;!: er muldp!:
RCCAe red *2 !n = !ridd &crere in core p^v r, &cp in S =2c+c: =c!=+ 16!
:mpc==:, =d i= : ==c'^2 i=== !n ==L^r p^v/r +^ Be !-Jdd !:ve! cred

by be r=sedvhy effect of $e c^^!&v n "gre 15A.3-5 r!Pvc me Dm3R vres dre
dring S tr= !=t. A cenc=t mid p^ 'r 5 +zibu+ien !: ==med 9 c gh=t $e
>zn z!en' te chev' & Dm3P vWen d"e edy te cha get in evenge cere p^v/r a d
ra^!aat cenddene_ 'mir rard! damea"~+ar ett me mee+ !!=idng coad! der for 5

t.r
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INSERT A
,

In the automatic control mode, the Plant Control System detects the drop in core power and

initiates withdrawal of a control bank. Power overshoot may occur, after which the control

system will insert the control bank and retum the plant to the initial power level. The

magnitude of the power overshoot is a function of: the Plant Control System characteristics,

core reactivity coefficients, the dropped rod wonh, and the available control bank wonh.

INSERT B

The nuclear power and heat flux drop to a minimum value and recover under the influence of

both rod withdrawal and thermal feedback. The prompt decrease in power is govemed by the

dropped rod worth since the Plant Control System does not respond during the short rod drop

time period. The Plant Control System detects the reduction in core power and initiates

control bank withdrawal in order to restore the primary side power. Power overshoot occurs,

after which the core power is restored to the initial power level.

The primary system conditions are combined with the hot channel factors from the nuclear

analysis for the DNB evaluation. Uncertainties in the initial conditions are included in the

DNB evaluation as discussed in Subsection 15.0.3.2. The calculated minimum DNBR was

found to be greater than the safety analysis limit value for this plant, for any single or

multiple rod drop from the same group.

i

|

.

|

|
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evaluationof4he-DNBR using the dropped rod power distabution are-at the-transient-
-endpoiat,

-For4his-analysisc the effect of the-single or multiple rod drop was conservatively ;

analyeed by assuming 4hereactor power returns to its-initial-power 4evel-with-ne<redit
-fer-the-reduction-in core inlet 4emperature.-Uncertainties in the initialconditions-are-

included inthe DNB evaluation asdescribed in Subsection 45.03.2Ahe resukingradial
. hot-ct-1 factor-was found to-be-less than4he value-which-causes4he-DNBR-todop |
below-the-safety-analysis limit valuefor-this plant. for-any-single or multiple-rod-drop
'ffem the same group.

-+- -Dropped Rod-Cluster Control-Assembly-Bank

-A<lropped bank 4ypicallyresults in a-negative +eactivity4nseniongreater41= 300 pene
-This-event 4s-detected-by-the dropped RCGA-protection-system, which-acts to prevent
automatic-control rod-withdrawal. ~1he-transient-therefore-proceeds 4n-an-ideatical- i

4asluon-as described-aboveJor-the-drop 40oneor-more-RCCAsfrom4he-same grcup.
If4hebank-worth is very large,-or-the moderator 4emperaturecoefScaentJs-very-small
.asat4he-beginning-ofacycle thismay-resulLina-severe-enoughtooldown4o"-r

-ereactor4 rip on low pressurizer-pressurer Since the reactor power is also-very !cw = der
-these-conditions, these-cases are not4imiting,

For-this analysis,4he effect of the-RCCA-bank drop ~was-conservatively-analyzed-by
assuming-4he-reactor-power-returns-to-its-initial-power-level-with-no-credit for-4he-
~Mim in core inlet temperature.--Uncertainties 4n thednitial conditions-are luded-
in-the-DNB evaluation as-described in Subsection 15:03.2mhe-resulting-rabal-hot-- ;

shannel4 actor-was found40 be less than the value which causes the DNBR to<lrep
-below-the safety analysis 4imit value for any RCCA bank 4 rop-

De analysis described above includes consideration of drops of the RCCA groups er-
banke which can be selected for insenion as part of the rapid power reduction system.
This system is provided to allow the reactor to ride out a complete loss of load from full
power without a reactor trip, and is described in Subsection 7.7.1.10. If these RCCAs are ,

inadvertently dropped (in the absence of a loss of load signal), the transient behavior is
the same as for the RCCA banle drop event described above. He evaluation showed that
the DNBR does not drop below the safety analysis limit value as a result of the inadver-
tent actuation of the rapid power reduction system.

'itatically Misaligned Rod Cluster Control Assembly=

De most severe misalignment situations with respect to DNBR arise from cases in which
one RCCA is fully inserted, or where the mechanical shim (MSHIM) or axial offset
(AO) rod banks are inserted up to their insenion limit with one RCCA fully withdrawn,

' "while the reactor is at full power. Multiple independent alarms, including a bank
insertion limit or rod deviation alarm, alert the operator well before the postulated
conditions are approached. I

!

l

4. !
ie
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:
I

)

For RCCA misalignments in which the MSHIM or AO banks are inserted to their
respective insertion limits with any one RCCA fully withdrawn, the DNBR does not fall
below the safety analysis limit value. This case is analyzed assuming the initial reactor
power, pressure, and RCS temperature are at their nominal values, but with the increased
radial peaking factor associated with the misaligned RCCA. Uncertainties in the initial
conditions are included in the DNB evaluation as described in Subsection 15.03.2.

or RCCA misalignments in which one RCCA is fully insened, with the rest of the,

i RCCAs at or above their insertion limia, this event is covered by the analysis of the
(consequences of the drop of a single RCCA, which is presented above.

DNB does not occur for the RCCA misalignment incident, and thus the ability of the
primary coolant to remove heat from the fuel rod is not reduced. The peak fuel
temperature is that corresponding to a linear heat generation rate based on the radial
peaking factor penalty associated with the misaligned RCCA and the design axial power
distribution. The resulting linear heat generation is well below that which causes fuel
melting.

Following the identification of a RCCA group misalignment condition by the operator,
the operator takes action as required by the plant technical specifications and operating
instructions.

15.4 3.2.2 Single Rod Cluster Control Assembly Withdrawal

15.4 3.2.2.1 Method of Analysis

Power distributions within the core are calculated using the computer codes as describe-1 in
Table 4.1-2. The peaking factors are then used by THINC to calculate the DNBR for the
event. The case of the worst rod withdrawn from the MSHIM or AO bank insened at the
insertion limit, with the reactor initially at full power, is analyzed. This incident is assumed
to occur at beginning oflife, since this results in the minimum value of moderator temperature
coefficient. This assumption maximizes the power rise and minimizes the tendency of i

increased moderator temperature to flatten the power distribution. i

1

!

15.4 3.2.2.2 Results 1

1

i

For the single rod withdrawal event, two cases are considered as follows:

1. If the reactor is in the manual control mode, continuous withdrawal of a single RCCA
results in both an increase in core power and coolant temperature and an increase in the
local hot channel factor in the area of the withdrawing RCCA. In terms of the overall
system response, this case is similar to those presented in Subsection 15.4.2; however,
the increased local power peaking in the area of the withdrawn RCCA results in lower
minimum DNBRs than for the withdrawn bank cases. Depending on initial bank
insenion and location of the withdrawn RCCA, automatic reactor trip may not occur
sufficiently fast to prevent the minimum DNBR from falling below the safety analysis

,
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limit value. Evaluation of this case at the power and coolant conditions at which the
ovenemperature AT trip is expected to trip the plant shows that an upper limit for the
number of rods with a DNBR less than the safety analysis limit value is 5 percent. The
limiting dose evaluation is bounded by the locked rotor results presented in
Subsection 15.3.3.

t 2. If the reactor is in the automatic control mode, the multiple failures that result in the
withdrawal of a single RCCA result in the immobility of the other RCCAs in the
controlling bank. The transient then proceeds in the same manner as case 1 described
above.

For such cases, a reactor trip ultimately occurs, although not sufficiently fast in all cases to
prevent a minimum DNBR in the core of less than the safety analysis limit value. Following
reactor trip, normal shutdown procedures are followed.

15.4.3.3 Conclusiorts
in f+wsc.

For cases of dropped RCCAs or dropped banks, including inadvertent drops of the RCCAs '
groups er-trarth selected to be insened as part of the rapid power reduction system, it is
shown that the DNBR remains greater than the safety analysis limit value and, therefore, the !
DNB design basis is met.

For cases of any one RCCA fully inserted, or the MSHIM or AO banks inserted to their rod
insertion limits with any single RCCA in one of those banks fully withdrawn (static

j misalignment), the DNBR remains greater than the safety analysis limit value.

For the case of the accidental withdrawal of a single RCCA, with the reactor in the automatic
or manual control mode and initially operating at full power with the MSHIM or AO banks
at their insertion limits, an upper bound of the number of fuel rods experiencing DNB is five
percent of the total fuel rods in the core. j

1

15.4.4 Startup of an Inactive Reactor Coolant Pump at an Incorrect Temperature )
!

15.4.4.1 Identification of Causes and Accident Description

If the plant is operating with one reactor coolant pump out of service, the affected reactor i

coolant loop flow rate is less than half of its nominal value. If the reactor is operating at
power, the steam generator in the inactive pump loop removes less than half the total power.
Tim m J :% x =p:. a. ... i: !~tive p" p !:-y a ivm Jim. d.: =:=;; .cae m celee -

"Ik i: he: kg : mp:::urer. rem 9 ee =: :- 50. |%,s.armnmtun.

f m er , "M- " int /MAA- i

Starting an idle reactor coolant pump <-ni um v....g! .; P: 5:y:a ymuy Icep ccid b;
'

::...ya_:rx ::cn: :: i: : : Sk: ::mpertu= resultskn the injection of cold water into the
core, which causes a reactivity insertion and subsequent power increase.

1
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The incident is a Condition II event (a fault of moderate frequency), as defined in
Subsection 15.0.1.

If the startup of an inactive reactor coolant pump accident occurs, the transient is terminated
automatically by a reactor trip on power range high neutron flux setpoint or low flow (P-8
interlock).

15.4.4.2 Analysis of Effects and Consequences

15.4.4.2.1 Method of Analysis

This transient is analyzed using three digital computer codes. The LOFTRAN code
(Reference 3) is used to calculate the loop and core flow, nuclear power, and core pressure
and temperature transients following the startup of an idle pump. FACIRAN (Reference 2)
is used to calculate the core heat flux transient based on core flow and nuclear power from
LOFTRAN. The THINC code (Section 4.4) is then used to calculate the depanure from
nucleate boiling ratio (DNBR) during the transient based on system conditions (pressure,
temperature, and flow) calculated by LOITRAN and on heat flux as calculated by
FACTRAN.

Plant characteristics and initial conditions are discussed in Subsection 15.0.3. To obtain
conservative bounding results for the stanup of an inactive pump accident, the following
assumptions are made:

Initial conditions of maximum core power and reactor coolant average temperatures and*

minimum reactor coolant pressure resulting in minimum initial margin to depanure from
nucleate boiling (DNB). For this analysis a conservative value of 70 percent nominal
power is assumed. The high initial power gives the greatest temperature difference
between the core inlet temperature and the inactive pump cold leg temperature.

Following startup of the idle pump, the inactive pump loop flowc== and accelerates*

to its nominal full-flow value. For this analysis it is conservatively assumed that the |

flow rate acceleration occurs in 10 seconds (a linear ramp). I

A conservatively large negative moderator temperature coefficient. j
*

A least negative Doppler-only power coefficient. (See Figure 15.0.4-1.)*

The initial reactor coolant loop flows are at the appropriate values for one pump out of*

service.

The reactor trip is assumed to occur on low coolant loop flow when the power range*

neutron flux exceeds the P-8 setpoint. He P-8 setpoint is conservatively assumed to be
84 percent of rated power.
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Plant systems and equipment available to mitigate the effects of the accident are discussed in
t Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in any of these systems

or equipment adversely affects the consequences of the accident.

15.4.4.2.2 Results

The results following the startup of an idle pump with the preceding assumptions are shown
in Figures 15.4.41 through 15.4.4%

is
As shown in these curves, during the first part of the transient the increase in core flow with
cooler water results in an increase in nuclear power and a decrease in core average
temperature. The minimum DNBR during the transient is considerably greater than the safety
analysis limit. (See Section 4.4 for a description of the DNBR design basis.) '

Reactivity addition for the inactive pump startup accident is due to the decrease in core inlet
water temperature. During the transient this decrease is due both to the increase in reactor
coolant flow and to the colder water entering the core from the cold leg (colder temperature
side before the stan of the transient) of the previously inactive pump loop. Thus, the
reactivity insertion rate for this transient changes with time. The resultant core nuclear power
transient, computed with consideration of both moderator and Doppler reactivity feedback
effects, is shown in Figure 15.4.4-1.

The calculated sequence of events for this accident is sh n in Table 15.4-1. The transient
results illustrated in Figures 15.4.4-1 through 15.4.4- indicate that a stabilized plant
condition, with the reactor tripped, is rapidly approached. Plant cooldown may subsequently
be achieved by following normal shutdown procedures.

15.4.4.3 Conclusions

The transient results show that the core is not adversely affected. 'Ihere is considerable
margin to the limiting DNBR, so the DNB design basis as described in Section 4.4 is met.

15.4.5 A Malfunction or Failure of the Flow Controller in a Boiling Water Reactor Loop That
Results in an Increased Reactor Coolant Flow Rate '

1

This subsection is not applicable to the AP600. ]
|

15.4.6 Chemical and Volume Control System Malfunction That Results in a Decrease in the i

Boron Concentration in the Reactor Coolant I

15.4.6.1 Identification of Causes and Accident Description

One of the two principal means of positive reactivity insertion to the core is the addition of
unborated, primary-grade water from the dernineralized water transfer and storage system
(DWS) into the reactor coolant system through the reactor makeup portion of the chemical
and volume control system (CVS). Boron dilution with these systems is manually initiated

owmeouso4r .Ro3.ossi95 Revision: 3
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under strict administrative controls requiring close operator surveillance. Procedures limit the
rate and duration of the dilution. A boric acid blend system is available to allow the operator
to match the makeup water boron concentration to that of the RCS during normal charging.

DLbb o f U.S
An inadvertent boron dilution is caused by the failure of the[..d=p = :=! g;:=, either
by controller operator or mechanical failure. The CVS and DWS are designed to limit, even
under various postulated failure modes, the potential rate of dilution to values that, with
indication by alarms and instrumentation, allow sufficient time for automatic or operator
response to terminate the dilution.

An inadvertent dilution from the DWS through the CVS may be terminated by isolating the
makeup pump suction line to the DWS storage tank. Flow from the DWS, which is the
source of unborated water, may be terminated by closing isolation valves in the CVS. Any-
pst shutdown margin may be regained by opening the isolation valve to the boric acid tank
(BAT), thus allowing the addition of borated water (greater than 4000 ppm) to the RCS.

Generally, to dil.ite, the operator performs two distinct actions:

Switch r ontrol of the makeup from the automatic makeup mode to the dilute mode. |
*

Depress the start butte::(start CVS pumps).=

Failun: to carry out cither of those actions prevents initiation of dilution. Because the AP600 j
CVS makeup pumps do not run continuously (they are expected to be operated once per day

,

to make up for RCS leakage), a makeup pump is started when the makeup ontrol system is l
placed into dilute mode. g i

The status of the RCS makeup is continuously available to the operator by the following:

Indication of the boric acid and blended flow rates=

CVS makeup pumps status lights.

Deviation alarms, if the boric acid or blended flow rates deviate by more than the.

specified tolerance from the preset values j

Source range neutron flux - when reactor is subcritical=

- High flux at shutdown alarm
Indicated source range neutron flux count rates-

Audible source range nggge-

Source range neutron .n -mg alarm- '

54t
When the reactor is critical.

Axial flux difference alarm (reactor power 250 percent RTP)-
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.:

Control rod insertion limit low and low. low alarms-

- Ovenemperature AT alarm (at power)
Overtemperature AT reactor trip-

Power range neutron flux - high, both high and low setpoint reactor trips.-

This event is a Condition II incident (a fault of moderate frequency), as defm' ed in
Subsection 15.0.1.

15.4.6.2 Analysis of Effects and Consequences
p S V

To cover 3/ phases of plant operation, boron dilutior[during fueling, cold shutdown, hot
shutdown, hot standby, startup, and power modes of operation it considered in this analysis.
Conservative values for necessary parameters are used. (high RCS critical boron
concentrations, high boron worths, minimum shutdown margins, and lower-than-actual RCS
volumes). These assumptions result in conservative detenninations of the time available for
operator or automatic system response after detection of a dilution transient in progress.

15.4.6.2.1 Dilution During Refueling (Mode 6)

An uncontrolled boron dilution transient cannot occur during this mode of operation.
Inadvertent dilution is prevented by administrative controls which isolate the RCS frem the
potential source of unborated water by locking closed specified valves in the CVS during

,

refueling operations. These valves block the flow paths that can allow unborated makeup
water to reach the RCS. Any anakeup which is required during refueling uses water supplied
from the BAT (which containIborated water) by the CVS makeup pumps.

15.4.6.2.2 Dilution During Cold Shutdown (Mode 5)

The following conditions are assumed for inadvenent boron dilution while in this operating
'

mode: p ,

A dilution flow of 150 gpm of unborated water. [=

Tou"C" iuum _ con.udmd fui Ju uude of cp:ntic P h' ' 22 5 A'MSN=

conservative estimate of the minimum active RCS volume corresponding to the
wate evel drained to mid-loop in the vessel while on normal residual heat removal.
Tne accJud u:u= .: 25" ^', n!ch . ; conscreawcc ::'%t: e *h: :9c: ' + -r

W i: "CS fil:;d "!!: cr naraw! mida:1 hs mu6ra'. E,uu witn me nG TJ!c4
th assumed active volume does not include the volume of the reactor vessel upper head
- gion.

$15
Control rods (RCCAs) fully insened, w ch is the normal condition in cold shutdown=

and a critical boron concentration of t959 ppm. This is a conservative boron
concentration with control rods inserted and even allows for the most reactive rod to be -

stuck in the fully withdrawn position.

o wneoa so4rnmo34sms Revision: 3
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i

The shutdown margin equal to 1.6 percent Ak/k, the minimum value required by*

technical specifications for the cold shutdown mode. Combined with the preceding, this

gives a shutdown boron concen: ration of(+5& ppm. a/s W " Dg gtt4M
In the event of an inadvertent boron dilution transient sile in this mode of operation, the
source range nuclear instrumentation detects wi t'!q f the neutron flux by comparing the
current source range flux to that of about 10 minutes earlier. Upon detection of the flux i#
LubLg, an alarm is sounded for the operator, and valve movement to terminate the dilution
is automatically initiated. gupM#

. u . n any reactor trip signal, source range fluxbdi.g signal, loss of offsite power,in-
or safet mjection signal, a safety function automatically isolates the potentially unborated
water from the DWS, thereby terminating the dilution. Additionally, the suction lines for the
CVS pumps are automatically realigned to draw borated (greater than 4000 ppm) water from
the CVS boric acid tank. He realignment of the CVS valves to terminate the dilution is a
safety-related function. The realignment of pump suction to the boric acid tank is a non-
safety related operation. The CVS pumps themselves are non-safety related, so their operation
is not credited in the analysis as a protection function. However, the analysis does consider
the initial portion of this boration phase by treating it as a continuing dilution until any
unborated water in the CVS lines is purged.

8.9
Under the conditicus just defined, the automatic protective actions initiate about minutes
after the start of dilution. These automatic actions are carried out to minimize the approach
to criticality and to maintain the plant in a subcritical condition. After the automatic
protection functions take place, the operator may take action to restore the technical
specification shutdown margin.

.

15.4.6.2.3 Dilution During Hot Shutdown (Mode 4)

The following conditions are assumed for an inadvertent boron dilution while in this mode:

A dilution flow of 200 gpm of unborated water.*

3 Lab \

An RCS water volume of ft'. His is a conservative estimate of the minimum*

volume of the RCS, while on normal RHR and with the RCS filled and vented.

All control rods fully inserted, except the most reactive rod which is assumed stuck in*

the fully withdrawn position, and a conservative critical boron concentration of
ppm.

The shutdown margin equal to 1.6 percent Ak/k, the minimum value required by
'

=

technical specifications for the hot shutdown mode. Combined with the preceding
assumption, this gives a shutdown boron concentration of 4499 ppm.

ND
!

I

!
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In the event of an inadvenent boron dilution ansient while in this mode of operation, the
source range nuclear instrumentation detects;; &nb" g of the neutron flux, automatically
initiates valve movement to terminate the dilution, and sounds an alarm for the operator.

As in Mode 5, the safety analysis considers the potential penalty of the subsequent non-safety
related boration function by accounting for the purge volume associated with the CVS piping.
Under the conditions just defined, these protective actions initiate about 49 minutes after start
of dilution. No operator action is required to terminate this transient, though operator action
can be taken to restore the technical specification shutdown margin.

(8.9
15.4.6.2.4 Dilution During Ilot Standby (Mode 3)

The following conditions are assumed for an inadvertent boron dilution while in this mode:

A dilution flow of 200 gpm of unborated water.*

5'737
The RCS volume is{5000 ft'. This is a conservative estimate of the minimum active*

volume of the RCS with the RCS filled and vented and one RCP running.

fM4A critical boron concentration of M2 ppm. This is a conservative boron concentration*

assuming control rods ar: fully inserted minus the most reactive rod which is assumed
stuck in the fully withdrawn position.

The shutdown margin equal to 1.6 percent Ak/k, the minimum value required by*

technical specifications for the hot standby mode. Combined with the preceding, this
gives a shutdown boron concentration of 426 ppm.y tMW g g

In the event of an inadvertent boron dilution ansient while in this mode of operation, the
source range nuclear instrumentation detects ; &nb!! g of the neutron flux, automatically
initiates valve movement to terminate the dilution, and sounds an alann for the operator.

As in the analyses for Modes 4 and 5, the only consideration of the boration function in
safety-analysis is to account for the additional dilution effect due to the purge volume
associated with the CVS piping. Under the conditions just defined, these protective actions
initiate about 90 minutes after start of dilution. No operator action is required to terminate
this transient, ough operator action could be taken to restore the technical specification

!shutdown margin. ;

its

15.4.6.2.5 Dilution During Startup (Mode 2)

In this mode, the plant is taken from one long-term mode of operation (hot standby), to
another (power). The plant is maintained in the startup mode only for the purpose of startup
testing at the beginning of each cycle. During this mode of operation, rod control is in
manual. Normal actions taken to change power level, either t:p or down, require operator
initiation. The technical specifications require an available shutdown margin of 1.6 percent
Ak/k and four reactor coolant pumps operating. Other conditions assumed are the following:

._
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)A dilution flow of 200 gpm of unborated water.=

,usm i
A minimum RCS water volume oftsofrft'. This is a very conservative estimate of the {=

active RCS volume, minus the ressurizer volume.

1 |

An initial maximum c ' ical boron concentration, corresponding to the rods inserted to !=

the insertion limits,is ppm. The minimum change in boron concentration from this 7
initial condition to a hot zero power critical condition with all rods insened is &t$
Full rod insertion, minus the most reactive stuck rod, occurs because of reactor trip.

This mode of operation is a transitory operational mode in which the operator intentionally 1

dilutes and withdraws control rods to take the plant critical. During this mode, the plant is i

in manual control, with the operator required to maintain a wwy.high awareness of the plant {status. For a normal approach to criticality, the operator must manually initiate a limited ;

dilution and then manually withdraw the control rods, a process that takes several hours. The I

,
technical specifications require that the operator determine the estimated critical position of

l the control rods prior to approaching criticality, thus providing confidence that the reactor
does not go critical with the control rods below the insertion limits. Once critical, the power
escalation is slow enough to allow the operator to manually block the source range reactor trip
after receiving the P-6 permissive signal from the intermediate range detectors (nominally at
10' cps). Too fast a power escalation (due to an unknown dilution) would result in reaching
P-6 unexpectedly, leaving insufficient time to manually block the source range reactor trip.
Failure to perform this manual action results in a reactor trip and namediate shutdown of the
reactor. , gg

M\HP
Upon any reactor trip signal, source range fluxb<E; signal, loss of offsite power, or a
safety injection signal, a safety related function automatically isolates the potentially unborated
water from the DWS, thereby terminating the dilution. Additionally, the suction lines for the
CVS pumps are automatically realigned to draw borated water from the CVS boric acid tank.

However, since the realignment of the suction for the CVE pumps to the boric acid tank is
a non-safety related operation, the only consideration given to the reboration phase of the
event in the safety analysis is with respect to the unborated CVS purge volume.

qNi

| After reactor trip, the &lution would hav.: to continue for approximately 46[ minutes to
overcome the available shutdown margin. Even assuming that the nonsafety related boration
operation does not occur, the unborated water that may remain in the purge volume of the
CVS is not sufficient to retum the reactor to criticality. Therefore, the automatic termination

, of the dilution flow from the DWS prevents a post-trip retum to criticality.
!

15.4.6.2.6 Dilution During Full Power Operation (Mode 1)

The plant may be operated at power two ways: automatic Tavg/ rod control and under
operator control. The technical specifications require an available shutdown margin of 1.6i

| percent Ak/k and four reactor coolant pumps operating. With the plant at power and the RCS
at pressure, the dilution rate is limited by the capacity of the CVS makeup pumps. The
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analysis is performed assi: ning two CVS pumps are in operation, even though normal,

operation is with one pump. Conditions assumed for a dilution in this mode are the
following:

A dilution flow of 200 gpm of unborated water.-

(bli
A minimum RCS water volume of t'. This is a very conservative estimate of the=

active RCS volume, minus the pressurizer volume.

154
An initial maximum critical oron concentration, corresponding to the rods inserted to=

the insertion limits,is . pm. The minimum change in boron concentration from this

initial condition to a hot zero power critical condition with all rods inserted is 469, ppm.
Full rod insertion, minus the most reactive stuck rod, occurs due to reactor trip. L g

With the reactor in manual control and no operator action taken to terminate the transient, the
power and temperature rise cause the reactor to reach the ovenemperature AT trip setpoint
resulting in a reactor trip. Upon any reactor trip signal a safety-related function automatically
isolates the unborated water from the DWS, thereby terminating the dilution. Additionally,
the suction lines for the CVS pumps are automatically realigned to draw borated water from
the CVS boric acid tank.

However, since the realignment of the suction for the CVS pumps to the boric acid tank is
a nonsafety related operation, the only consideration given to the reboration phase of the
event in the safety analysis is with respect to the unborated purge volume.

5 ,41
After reactor trip, the dilution would have to continue for at least 99-3 minutes to overcome
the available shutdown margin. The unborated water that may remain in the purge volume
of the CVS does not retum the reactor to criticality. Therefore, the automatic termination of
the dilution flow from the DWS precludes a post trip return to criticality.

hl'
The boron dilution transient in this se is essentially the equivalent to an uncontrolled rod
withdrawal at power. The maximu reactivity insenion rate for a boron dilution transient is
conservatively estimated to be 26 pcm per second and is within the range of insertion rates
analyzed far uncontrolled rod withdrawal at power Before reaching the overtemperature AT
reactor trip, the operator will have received an alarm on ovenemperature AT and an
overtemperature AT turbine runback.

With the reactor in automatic rod contml, the pressurizer level controller limits the dilution
flow rate to the maximum letdown rate. If a dilution rate in excess of the letdown rate is
present, the pressurizer level controller throttles charging flow down to match letdown rate.
For the safety analysis, a conservative dilution flow rate of 200 gpm is assumed. With the
reactor in cutomatic rod control, a boron dilution results in a power and temperature increase
in such a way that the rod controller attempts to compensate by slow insenion of the control
rods. This action by the controller results in at least three alarms to the operator:

A. Rod insenion limit - low level alarm

6=nnmsonaows3195 Revision: 3
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B. Rod insertion limit - low-low level alarm if insertion continued after item A

C. Axial flux difference alarm (AI outside of the target band). q
Given the many alarms, indications, and the inherent slow process of ution at power, the
operator has sufficient time for action. The operator has at least 8H minutes from the rod
insertion limit low-low alarm until shutdown margin is lost at beginning of cycle. The time
is significantly longer at end of cycle, because of the low initial boron concentration.

The preceding results demonstrate that in all modes of operation, an inadvertent boron dilution
is prevented or responded to by automatic functions, or sufficient time is available for operator
action to terminate the transient. Following termination of the dilution flow and initiation of
boration, the reactor is in a stable condition.

15.4.6.3 Conclusions

Inadvertent boron dilution events are prevented during refueling and automatically terminated
during cold shutdown, hot shutdown, and hot standby modes. Inadvertent boron dilution
events during start-up or power operation, if not detected and terminated by the operators,
result in an automatic reactor trip. Following reactor trip, automatic termination of the
dilution occurs and any post-trip return to criticality is prevented.

15.4.7 Inadvertent Loading and Operation of a Fuel Assembly in an Improper Position

15.4.7.1 Identification of Causes and Accident Description

Fuel and core loading errors, such as those which can arise from the inadvertent loading of
one or more fuel assemblies into improper positions, having a fuel rod with one or more
pellets of the wrong enrichment, or having a full fuel assembly with pellets of the wrong
enrichment. This leads to increased heat fluxes if the error results in placing fuel in core
positions calling for fuel of lesser enrichment. Also included among possible core-loading
errors is the inadvertent loading of one or more fuel assemblies requiring burnable poison rods
into a new core without bumable poison rods.

Any error in enrichment, beyond the normal manufacturing tolerances, can cause power shapes
which are more peaked than those calculated with the correct enrichments. There is a five
pement uncertainty margin included in the design value of power peaking factor assumed in
the analysis of Condition I and Condition 11 transients. The online core monitoring system
is used to verify power shapes at the start of life and is capable of revealing fuel assembly
enrichment errors or loading errors which cause power shapes to be peaked in excess of the
design value. Power distribution related measurements are incorporated into the evaluation
of calculated power distribution information using the incore instmmentation processing
algorithms contC.ed within the online monitoring system. The processing algorithms
contained within the online monitoring system are functionally identical to those historically
used for the evaluation of power distributions measurements in Westinghouse PWRs.
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To reduce the probability of core loading errors, each fuel assembly is marked with an
identification number and loaded in accordance with a core-loading diagram. During core
loading, the identification number is checked before each assembly is moved into the core.
Serial numbers read during fuel movement are subsequently recorded on the loading diagram 1

as a further check on proper placing after the loading is completed.

The power distortion due to a combination of misplaced fuel assemblies would significantly
increase peaking factors and is readily observable with the online core monitoring system.
The fixed incore instrumentation within the instrumented fuel assembly locations is augmented,

f. with core exit thermocouples. There is a high probability that these thermocouples would also
! indicate any abnormally high coolant tamperature rise. In-core flux measurements are taken

during the startup subsequent to every refueling operation.

This event is a Condition III incident (an infrequent fault) as defined in Section 15.0.1.

15.4.7.2 Analysis of Effects and Consequences

| 15.4.7.2.1 Method of Analysis

Steady-state power distributions in the x-y plane of the core are calculated at 30 percent rated
thermal power using a two-dimensional few group diffusion code TORTISE, which is an
updated version of TURTLE (Reference 13). A discrete representation is used wherein each
individual fuel rod is described by a mesh interval. Representative power distributions in the
x-y plane for a correctly loaded core are given in chapter 4.

For each core loading error case analyzed, the percent deviations from detector readings for
a normally loaded core are shown in the in-core detector locations. (See Figures 15.4.7-1
through 15.4.7-4).

15.4.7.2.2 Results

The following core loading error cases are analyzed:

Case A:

Case in which a region I assembly is interchanged with a region 3 assembly. The particular
case considered is the interchange of two ssemblies near the periphery of the core. /
(See Figure 15.4.7-1.)

Case B:

Case in which a region 1 assembly is interchanged with a neighboring region 2 fuel a. embly.
or the particular case considered the interchange is assumed to take place close to core

T center and with bumable poison rods located in the correct region 2 position but in a region 1>

! assembly mistakenly loaded in the region 2 position. (See Figure 15.4.7-2.)

!
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Case C:

Enrichment error: Case in which a region 2 fuel assembly is loaded in the core central
position. (See Figure 15.4.7-3.)

Case D:

Case in which a region 2 fuel assembly instead of a region 1 assembly is loaded near the core
periphery. (See Figure 15.4.7-4.)

15.4.7.3 Conclusions

| Fuel assembly enrichment errors are prevented by administrative procedures implemented in
fabrication.

In the event that a single pin or pellet has a higher enrichment than the nominal value, the
consequences in terms of reduced departure from nucleate boiling ratio and increased fuel and
clad temperatures are limited to the incorrectly loaded pin or pins and perhaps the immediately
adjacent pins.

Fuel assembly loading errors are prevented by administrative procedures implemented during
core loading. In the unlikely event that a loading error occurs, analyses in this section
confinn that resulting power distribution effects are either readily detected by the online core
monitoring system or cause a sufficiently small perturbation to be acceptable within the
uncertainties allowed between nominal and design power shapes.

15.4.8 Spectrum of Rod Cluster Control Assembly Ejection Accidents

15.4.8.1 Identification of Causes and Accident Description

This accident is dermed as the mechanical failure of a control rod mechanism pressure
housing, resulting in the ejection of a rod cluster control assembly and drive shaft. The
consequence of this mechanical failure is a rapid positive reactivity insertion together with an
adverse core power distribution, possibly leading to localized fuel rod damage.

15.4.8.1.1 Design Precautions and Protection

15.4.8.1.1.1 Mechanical Design

The mechanical desigr. is discussed in Section 4.6. Mechanical design and quality control
procedures intended to prevent the possibility of a rod cluster control assembly drive
mechanism housing failure are listed below:

Each control rod drive mechanism housing is completely assembled and shop tested at*

4100 psi.
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.

The mechanism housings are individually hydrotested after they are attached to the head*

adapters in the reactor vessel head. The housings are checked during the hydrotest of
the completed reactor coolant system.

Stress levels in the mechanism are not affected by anticipated system transients at power*

or by the thermal movement of the coolant loops. Moments induced by the SSE can be
accepted within the allowable primary working stress range specified by the ASME
Code Section III, for Class I components.

The latch mechanism housing and rod travel housing are each a single length of forged.

stainless steel. This material exhibits excellent notch toughness at temperatures that are
encountered.

A significant margin of strength in the clastic range together with the large energy absorption
capability in the plastic range gives additional confidence that gross failure of the housing
does not occur. The joints between the latch mechanism housing and head adapter, and
between the latch mechanism housing and rod travel housing, are threaded joints reinforced
by canopy-type rod welds which are subject to periodic inspections.

15.4.8.1.1.2 Nuclear Design

If a rupture of an RCCA drive mechanism housing is postulated, the operation using chemical
shim is such that the severity of an ejected rod cluster control assembly is inherently limited.
In general, the reactor is operated with the power control (or MSHIM) RCCAs inserted only
far enough to permit load follow. The axial offset (AO) RCCAs are positioned so that the
targeted AO can be met throughout core life. Reactivity changes caused by core depletion
and xenon transients are normally compensated for by boron changes and the MSHIM banks,
respectively. Funher, the location and grouping of the power control and axial offset RCCAs
are selected with consideration for a rod cluster control assembly ejection accident. Therefore,
should a rod cluster control assembly be ejected from its normal position during full-power
operation, a less severe reactivity excursion than analyzed is expected.

However, it may occasionally be desirable to operate with larger than normal insertions. For
this reason, a power control and axial offset rod insertion limit is defined as a function of
power level. Operation with the RCCAs above this limit provides adequate shutdown
capability and an acceptable power distribution. The position of the RCCAs is continuously
indicated in the main control room. An alarm occurs if a bank of RCCAs approaches its
insertion limit or if one RCCA deviates from its bank. Operating instructions require boration
at the low level alarm and emergency boration at the low-low level alarm.

15.4.8.1.1.3 Reactor Protection

The reactor protection in the event of a rod ejection accident is described in Reference 5. The
protection for this accident is provided by the high neutron flux trip (high and low setting)
and the high rate of neutron flux increase trip. These protection functions are described in
Section 7.2.

;
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15.4.8.1.1.4 Effects on Adjacent IIousings

Investigations have shown that failure of a rod cluster control assembly mechanism housing,
due to either longitudinal or circumferential cracking, does not cause damage to adjacent
housings. The control rod drive mechanism is described in Subsection 3.9.4.1.1.

' 15.4.8.1.1.5 Effects of Rod Travel IIousing Longitudinal Failures

If a longitudinal failure of the rod travel housing occurs, the region of the position indicator
assembly opposite the break is stressed by the reactor coolant pressure of 2250 psia. The
most probable leakage path is provided by the radial deformation of the position indicator coil
assembly, resulting in the growth of axial flow passages between the rod travel housing and
the hollow tube along which the coil assemblies are mounted.

If failure of the position indicator coil assembly occurs, the resulting free radial jet from the
failed housing could cause it to bend and contact adjacent rod housings. If the adjacent
housings are on the periphery, they might bend outward from their bases. The housing

,

material is quite ductile; plastic hinging without cracking is expected. Housings adjacent to |
a failed housing in locations other than the periphery would not bend due to the rigidity of |

multiple adjacent housmgs.

i

15.4.8.1.1.6 Effect of Rod Travel IIousing Circumferential Failures |
1

If circumferential failure of a rod travel housing occurs, the broken-off section of the housing !

is ejected vertically because the driving force is vertical atd the position indicator coil j

assembly and the drive shaft tends to guide the broken-off piece upwards during its travel.
Travel is limited by the missile shield, thereby limiting the projectile acceleration. When the
projectile reaches the missile shield. it partially penetrates the shield and dissipates its kinetic
energy. The water jet from the break continues to push the broken-off piece against the
missile shield.

If the broken-off piece of the rod travel housing is short enough to clear the break when fully
ejected, it rebounds after impact with the missile shield. The top end plates of the position
indicator coil assemblies prevent the broken piece from directly hitting the rod travel housing
of a second drive mechanism. Even if a direct hit by the rebounding piece occurs, the low
kinetic energy of the rebounding projectile is not expected to cause significant darnage (suffi-
cient to cause failure of an adjacent housing).

15.4.8.1.1.7 Consequences

The probability of damage to an adjacent housing is considered remote. If damage is
postulated, it is not expected to lead to a more severe transient since rod cluster control
assemblies are inserted in the core in symmetric pattems, and control rods immediately ,

adjacent to worst ejected rods are not in the core when the reactor is critical. Damage to an |
adjacent housing could, at worst. cause that rod cluster control assembly not to fall on j

!

|
|

|
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.

receiving a trip signal; however, this is already taken into account in the analysis by assuming
a stuck rod adjacent to the ejected rod.

15.4.8.1.1.8 Summary

The preceding considerations lead to the conclusion that failure of a control rod housing, due
either to longitudinal or circumferential cracking, does not cause damage to adjacent housings
that increase the severity of the initial accident.

15.4.8.1.2 Limiting Criteria

This event is a Condition IV incident (ANSI N18.2). See Subsection 15.0.1 for a discussion
of ANS classification. Because of the extremely low probability of a rod cluster control
assembly ejection accident, some fuel damage is considered an acceptable consequence.

Comprehensive studies of the threshold of fuel failure and of the threshold of significant
conversion of the fuel thermal energy to mechanical energy have been carried out as part of
the SPERT project (Reference 6). Extensive tests of uranium dioxide (UO ) zirconium-clad2
fuel rods representative of those in pressurized water reactor cores such as AP600 have
demonstrated failure thresholds in the range of 240 to 257 cal /g. Other rods of a slightly
different design have exhibited failure as low as 225 cal /g. These results differ significantly

.

from the TREAT (Reference 7) results, which indicated a failure threshold of 280 cal /g. |
Limited results indicate that this threshold decreases by about 10 percent with fuel burnup. |
The clad failure mechanism appears to be melting for zero bumup rods and brittle fracture for 1
irradiated rods.

Also imponant is the conversion ratio of thermal to mechanical energy. This ratio becomes
marginally detectable above 300 cal /g for unirradiated rods and 200 cal /g for irradiated rods.

| Catastrophic failure (large fuel dispersal, large pressure rise), even for irradiated rods, did not
occur below 300 cal /g.

( In view of the preceding expenmental results and confonnance with Regulatory Guide 1.77, I

criteria are applied to provide confidence that there is little or no possibility of fuel dispersal
| in the coolant, gross lattice distonion, or severe shock waves. These criteria are the
'

following:

Average fuel pellet enthalpy at the hot spot is below 225 cal /g for unirradiated fuel and*

200 cal /g for irradiated fuel.

Peak reactor coolant pressure is less than that which could cause stresses to exceed the*

" Service Limit C" as defined in the ASME code.

Fuel melting is limited to less than 10 percent of the fuel volume at the hot spot even*

if the average fuel pellet enthalpy is below the limits of the first criterion.
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15.4.8.2 Analysis of Effects and Consequencesr

Method of Analysis

The calculation of the rod cluster control assembly (RCCA) ejection transients is performed
in two stages: first, an average core channel calculation and then, a hot region calculation.
The average core calculation is performed using spatial neutron kinetics methods to determine
the average power generation with time, including the various total core feedback effects
(Doppler reactivity and moderator reactivity). Enthalpy and temperature transients at the hot
spot are then determined by multiplying the average core energy generation by the hot channel
factor and performing a fuel rod transient heat transfer calculation. The power distribution
calculated without feedback is conservatively assumed to persist throughout the transient.

A detailed discussion of the method of analysis appears in Reference 5.

Average Core Analysis

The spatial kinetics computer code, TWINKLE (Reference 1), is used for the average core
transient analysis. This code uses cross sections generated by LEOPARD (Reference 8) to
solve the two-group neutron diffusion theory kinetic equation in one, two, or three spatial
dimensions (rectangular coordinates) for six delayed neutron groups and up to 2000 spatial
points. The computer code includes a detailed multiregion, transient fuel-clad-coolant heat
transfer model for the calculation of pointwise Doppler and moderator feedback effects. In
this analysis, the code is used as a one-dimensional axial kinetics code, since it allows a more
realistic representation of the spatial effects of axial moderator feedback and rod cluster
control assembly movement. Since the radial dimension is missing, it is still necessary to
employ conservative m-thods (described below) of calculating the elected rod worth and hot
channel factor. Further description of TWINKLE appears in Subsection 15.0.11.

Ilot Spot Analysis

In the hot spot analysis, the initial heat flux is equal to the nominal value multiplied by the
design hot channel factor. During the transient, the heat flux hot channel factor is linearly
increased to the transient value in 0.1 second, the time for full ejection of the rod. The
assumption is made that the hot spots before and after ejection are coincident. This is conser- !

vative, since the peak after ejection occurs in or adjacent to the assembly with the ejected rod, I

and before ejection, the power in this region is depressed.

The hot spot analysis is performed using the detailed fuel and clad transient heat transfer I

computer code. FACTRAN (Reference 2). This computer code calculates the transient
temperature distribution in a cross section of a metal-clad UO fuel rod and the heat flux at2 1
the surface of the rod, using as input the nuclear power versus time and the local coolant I

conditions. 'Ihe zirconium-water reaction is explicitly represented, and material properties are j
represented as functions of temperature. A parabolic radial power distribution is used within
the fuel rod.

|
,

|
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FACTRAN uses the Dittus-Boelter or Jens-Lottes correlation to determine the film heat
transfer before depanure from nucleate boiling (DNB) and the Bishop-Sandburg-Tong
correlation (Reference 9) to determine the film boiling coefficient after DNB. The Bishop- i

Sandburg-Tong correlation is consenatively used, assuming zero-bulk fluid quality. The 1

departure from nucleate boiling ratio is not calculated. Instead, the code is forced into DNB
by specifying a conservative DNB heat flux. The gap heat transfer coefficient is calculated
by the code. However, it is adjusted in order to force the full power, steady-state temperature
distribution to agree with the fuel heat transfer design codes. Further description of
FACTRAN appears in Subsection 15.0.11.

System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not exceeded, there is little
likelihood of fuel dispersal into the coolant. The pressure surge may therefore be calculated
on the basis of conventional heat transfer from the fuel and prompt heat absorption by the '

coolant.

The pressure surge is calculated by first performing the fuel heat transfer calculation to deter-
mine the average and hot spot heat flux versus time. Using this heat flux data, a THINC
(Section 4.4) calculation is performed to determine the volume surge. Finally, the volume
surge is simulated in a plant transient computer code. This code calculates the pressure
transient, taking into account fluid transport in the reactor coolant system and heat transfer to
the steam generators. For conservatism, no credit for the possible pressure reduction caused
by the assumed failure of the control rod pressure housing is made.

15.4.8.2.1 Calculation of Basic Parameters

Input parameters for the analysis are conservatively selected on the basis of values calculated
for this type of core. The more imponant parameters are discussed next. Table 15.4-3
presents the parameters used in this analysis.

15.4.8.2.1.1 Ejected Rod Worths and llot Channel Factors

The values for ejected rod wonhs and hot channel factors are calculated using either three-
dimensional static methods or by a synthesis method employing one-dimensional and two-
dimensional calculations. Standard nuclear design codes are used in the analysis. No credit
is taken for the flux flattening effects of reactivity feedback. The calculation is performed for
the maximum allowed bank insertion at a given power level, as determined by the rod
insertion limits. Adverse xenon distributions are considered in the calculation.

Appropriate margins are added to the ejected rod wonh and hot channel factors to account for
calculational uncenainties, including an allowance for nuclear peaking due to densification.

Power distributions before and after ejection for a worst case can be found in Reference 5.
During plant stanup physics testing, rod worths and power distributions have been measured |

l
i
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in the zero-power configuration and compared to values used in the analysis. The ejected rod
worth and power peaking factors are consistently overpredicted in the analysis.

15.4.8.2.1.2 Reactivity Feedback Weighting Factors

The largest temperature rises and hence the largest reactivity feedbacks occur in channels
where the power is higher than average. Since the weight of a region is dependent on flux,
t ese regions have high weights. This means that the reactivity feedback is larger than thath

indicated by a simple channel analysis.

Physics calculations are carried out for temperature changes with a flat temperature distri-
bution and with a large number of axial and radial temperature distributions. Reactivity
changes are compared and effective weighting factors are shown to be conservative. These
weighting factors take the form of multipliers that, when applied to single-channel feedbacks,
correct them to effective whole-core feedbacks for the appropriate flux shape.

In this analysis, since a one-dimensional (axial) spatial kinetics method is employed, axial
weighting is not necessary if the initial condition matches the ejected rod configuration. In
addition, no weighting is applied to the moderator feedback.

A conservative radial weighting factor is applied to the transient fuel temperature to obtain
an effective fuel temperature as a function of time, accounting for the missing spatial
dimension. These weighting factors are shown to be conservative compared to three-dimen-
sional analysis (Reference 5).

15.4.8.2.1.3 Moderator and Doppler Coefficients

The critical boron concentrations at the beginning of cycle and end of cycle are adjusted in
the nuclear code in order to obtain moderator density coefficient curves which are
conservative compared to actual design conditions for the plant. As just discussed, no weight-
ing factor is applied to these results.

The Doppler reactivity defect is determined as a function of power level using a one-
dimensional, steady-state computer code with a Doppler weighting factor of one. The Doppler
defect used is given in Subsection 15.0.4. The Doppler weighting factor increases under
accident conditions, as previously discussed.

15.4.8.2.1.4 Delayed Neutron Fraction, eff

Calculations of the effective delayed neutron fraction ( err) typically yield values no less than
0.70 percent at beginning of cycle (BOC) and 0.50 percent at end of cycle (EOC) for the first
cycle. The accident is sensitive to pert if the ejected rod worth is equal to or greater than
perr as in zero-power transients. To allow for future cycles, pessimistic estimates of errof
0.55 percent at BOC and 0.44 percent at EOC are used in the analysis.
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15.4.8.2.1.5 Trip Reactivity Insertion

The trip reactivity insenion assumed is given in Table 15.4-3 and includes the effect of one
stuck rod cluster control assembly. These values are reduced by the ejected rod reactivity.
The shutdown reactivity is simulated by dropping a rod of the required worth into the core.
The stan of rod motion occurs 0.5 second after the high neutron flux trip setpoint is reached.
This delay is assumed to consist of 0.2 second for the instmment channel to produce a signal,
0.15 second for the trip breakers to open, and 0.15 second for the coil to release the rods. A
curve of trip rod insertion versus time is used, which assumes that insenion to the dashpot
does not occur until 2.4 seconds after the start of fall. The choice of such a conservative
insertion rate means that there is over one second after the trip setpoint is reached before
significant shutdown reactivity is inserted into the core. This conservatism is important for
the hot full power (HFP) accidents.

The minimum design shutdown margin available for this plant at hot zero power (HZP) may
be reached only at end of life in the equilibrium cycle. His value includes an allowance for
the worst stuck rod, adverse xenon distribution, conservative Doppler and modemtor defects,
and an allowance for calculational uncenainties. Calculations show the dr, effect of two
stuck rod cluster control assemblies (one of which is the worst ejected rod) is to reduce the
shutdown by about an additional one percent Ak. Therefore, following a reactor trip resulting
from a rod cluster control assembly ejection accident, the reactor is subcritical when the core
retums to hot zero power.

15.4.8.2.1.6 Reactor Protection

As discussed in Subsection 15.4.8.1.1.3, reactor protection for a rod ejection is provided by
the high neutron flux trip (high and low setting) and the high rate of neutron flux increase
trip. These protection functions are part of the reactor trip system (RTS). No single failure
of the RTS negates the protection functions required for the rod ejection accident or adversely
affects the consequences of the accident.

15.4.8.2.1.7 Results

Since the control rod insertion Emits for the AP600 are multidimensional, a significant number
of rodded configurations are evaluated in order to determine the most limiting cases, (that is
those cases that produced the least amount of margin to the SRP section 15.4.8 evaluation
acceptance criteria). The hot zero power cases and hot full power cases assume that the
MSHIM and axial offset control RCCAs are inserted to their respective insenion limits before
the event. The limiting RCCA ejection cases, for both the beginning and end of cycle at zero
and full power, are presented next.

i

Beginning of Cycle, Full Power*

oSM
The limiting ejected rod wonh and hot channel factor are conservatively c6&cd to be
0.38 percent Ak and 7.0, respectively. The peak hot spot clad average temperature is

i
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2597'F. The peak hot spot fuel temperature reaches melting at 4900*F. However, !

melting is restricted to less than 10 percent of the pellet at the hot spot.

Beginning of Cycle, Zero Power |*

For this condition, the limiting ejected rod hate worth of 0.744 pcc...; /' and e hot i+

_ p cow (wMC$ , channel factorpf+M- The peak hot spot clad average temperature is 2795 F, and the
p W b*- peak hot spot fuel temperature is 3881*F.

C>,~lM 4 ?* N *
End of Cycle, Full Powera

,

MThe ejected rod worth and hot channel factor are conservatively : hu to be 0.33
percent Ak and 9.0, respectively. The peak hot spot clad average temperature is 2523*F.
The peak hot spot fuel temperature reaches melting at 4800 F. However, melting is
restricted to less than 10 percent of the pellet at the hot spot,

aA5
End of Cycle, Zero Power g A=

The ejected rod worth and hot channel factor for this case 0.83 percent Ak and 16.0,
respectively. The peak hot spot clad average temperature is 290l*F and the peak hot
spot fuel temperature is 3862 F.

A summary of the preceding cases is given in Table 15.4-3. The nuclear power and fuel and
clad temperature transients for the limiting cases are presented in Figures 15.4.8-1 through
15.4.8-4.

The calculated sequence of events for the limiting case rod ejection accidents, as shown in
Figures 15.4.8-1 through 15.4.8-4, is presented in Table 15.4-1. Reactor trip occurs early in
the transients, after which the nuclear power excursion is terminated.

The ejection of a rod cluster control assembly constitutes a break in the reactor coolant
system, located in the reactor pressure vessel head. The effects and consequences of loss of

,

coolant accidents (LOCAs) are discussed in Subsection 15.6.5. Following the rod cluster !
control assembly ejection, the plant response is the same as any other LOCA event.

15.4.8.2.1.8 Fission Product Release i

It is assumed that fission products are released from the gaps of all rods entering DNB. In ,

the cases considered, less than 15 percent of the rods are assumed to enter DNB based on a |
detailed three-dimensional THINC analysis (Reference 5). Although limited (less than i

10 percent) fuel melting at the hot spot is allowed for the full-power cases, in practice,
melting is not expected since the analysis conservatively assumes that the hot spots before and 1

after ejection are coincident. |

|
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15.4.8.2.1.9 Pressure Surge

|

A detailed calculation of the pressure surge for an ejection wonh of about one dollar at
beginning of cycle, hot full power, will demonstrate that the peak pressure does not exceed
that which would cause the stress to exceed the Service Limit C as described in the ASME
Code, Section III. Since the severity of the present analysis does not exceed the worst-case
analysis, the accident for this plant will not result in an excessive pressure rise e further
damage to the reactor coolant system.

15.4.8.2.1.10 Lattice Deformations

A large temperature gradient exists in the region of the hot spot. Since the fuel rods are free
to move in the vertical direction, differential expansion between separate rods cannot produce
distortion. However, the temperature gradients across individual rods may produce a
differential expansion tending to bow the midpoint of the rods toward the hotter side of the
rod.

Calculations indicate that this bowing results in a negative reactivity effect at the hot spot
;,ince Westinghouse cores are undermoderated, and bowing tends to increase the
undermoderation at the hot spot. In practice, no significant bowing is anticipated, since the
structural rigidity of the core is sufficient to withstand the forces produced.

Boiling in the hot spot region would produce a net flow away from that region. However,
the heat from the fuel is released to the water relatively slowly, and it is considered
inconceivable that crossflow will be sufficient to produce sufficient lattice forces. Even if ;

massive and rapid boiling, sufficient to distort the lattices, is hypothetically postulated, the
large void fraction in the hot spot region produces a reduction in the total core moderator to
fuel ratio and a large reduction in this ratio at the hot spot. The net effect would therefore ;
be a negative feedback. I

It is concluoed that no mechanism exists for a net positive feedback resulting from lattice
deformation. In fact, a small negative feedback may result. The effect is conservatively
ignored in the analysis.

15.4.8.3 Radiological Consequences

i

)

\S. 4 .%.S % h%
i

I

I
1
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15. Accident Analyses

Table 15.4-1 (Sheet 1 of 5)

TInfE SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN
REACTIVITY AND POWER DISTRIBUTION ANOhfALIES

Accident Event Time (s)

Uncontrolled RCCA bank with- Initiation of uncontrolled rod with- 0.0
drawal from a subcritical or low- drawal from 10-9 of nominal power
power startup condition

Power range high neutron flux (low 10.3

setting) setpoint reached

Peak nuclear power occurs 10.5

Rods begin to fall into core 10.8

Minimum DNBR occurs 12.6

Peak average clad temperature 12.8

occurs

Peak heat flux occurs 12.8

Peak average fuel temperature 13.0 ;

occurs

Uncontrolled RCCA bank with-
drawal at power

1. Case A Initiation of uncontrolled RCCA 0.0
withdrawal at a high-reactivity
insertion rate (75 pcm/s) <

Power range high neutron flux high 47- 4 7
trip point reached

Rods begin to fall into core -Str 5 Y

Minimum DNBR occurs -fr2- b 3

esann3uso4r .no3-ossi95 Revision: 3
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Table 15.4-1 (Sheet 2 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICII RESULT IN
REACTIVITY AND POWER DISTRIBUTION ANOMALIES

Accident Event Time (s)

2. Case B Initiation of uncontrolled RCCA 0.0
withdrawal at a small reactivi yt
insertion rate (3 pcm/s)

Ovettemperature AT setpoint 309-6-- 11$,7
reached

)
Minimum DNBR occurs -4013 Dl. k

_ -
Rods begin to fall into core TOM- 7 M*l

-

Startup of inactive reactor coolant Initiation of pump startup 0.0
loop at an incorrect temperature

Power reached P8 trip setpoint t3 b9
Rods begin to drop $* 3.I
Minimum DNBR occurs 4 0 3.T

Chemical and volume control sys-
tem malfunction that results in a
decrease in the boron concentration
in the rector coolant

1. Dilution during startup Power range - low setpoint reactor 0.0
trip due to dilution

Dilution automatically terminated iHO- GO
by DWS isolation

Revision: 3 wwv3usmen.no3-os3i95 ;
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Table 15.4-1 (Sheet 3 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN
REACTIVITY AND POWER DISTRIBUTION ANOMALIES

.

Accident Event Time (s)

2. Dilution during Full.
power operation

a. Automatic reactor Operation receives low. low rod 0
control insertion limit alarm due to dilution

Shutdown margin lost 49033thh
b. Manual reactor Initiate dilution 0

control
Reactor trip on overtemperature AT 20t % $
due to dilution

Dilution automatically termmated 4t4- 4 3$
by DWS isolation

'
RCCA ejection accident

l. End of cycle, full Initiation of rod ejection 0.00
power

Power range high neutron flux (high 0.03
setting) setpoint reached

Peak nuclear power occurs 0.14

Rods begin to fall into core 0.53

Peak fuel average temperature 2.32
occurs

Peak clad temperature occurs 2.39

Peak heat flux occurs 2.40

|

!
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Table 15.4-1 (Sheet 4 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN
REACTIVITY AND POWER DISTRIBUTION ANOMALIES

Accident Event Time (s)

2. Beginning of cycle. Initiation of rod ejection 0.00
zero power

Power range high neutron flux (low 0.32
setting) setpoint reached

Peak nuclear power occurs 0.39

Rods begin to fall into core 0.82

Peak clad temperature occurs 2.58

Peak heat flux occurs 2.61

Peak fuel average temperature 2.61
occurs

3. Beginning of cycle. Initiation of rod ejection 0.00
full power

Power range high neutron flux (high 0.03
setting) setpoint reached

Peak nuclear power occurs 0.14

Rods begin to fall into core 0.53

Peak (t.el average temperature 2.22
occurs

Peak clad temperature occurs 2.31

Peak heat flux occurs 2.31

|

|

!

l

!
l

;
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Table 15.41 (Sheet 5 of 5)

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICII RESULT IN
REACTIVITY AND poi 'R DISTRIBUTION ANOMALIES

Accident Event Time (s)

4. End of cycle, zero Initiation of rod ejection 0.00
power

Power range high neutron flux (low 0.20
setting) setpoint reached

Peak nuclear power occurs 0.24

Rods begin to fall into core 0.70

Peak clad temperature occurs 1.81

Peak heat flux occurs 1.81

Peak fuel average temperature 2.00
occurs

!
,

1

|

;

I
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Table 15.4-2

PARAMETERS

Assumed Dilution Flowrates:

Mode Flowrate (gal / min)

i, ,3 & & C 200

b+ &

Volumes:

3Mode Volume (ft ) Volume (gal)

-hit | 4 2 65f+ b s"I'l 49d44- M 'A\I#
i

3so i::ma .3 sem- ST3 7 4& a s4-- 4 > ,9i~5

4L(;;s,i t) .2599 R L*DI . H)3B-- 1 *[ 455
Es iniiva; (P'c:; ;; -3499-. 10,?'? -

% (J. ..~J) ( :vm c, 3 M S-- M .MStB \ls193

" :.
2 "m:m.~ -.J. at : e vim . .~; ; cos::.r.: pump r;;: :!r.;;_
-t "o a;.~ ..J. i:~ y:m.i vu m,,ma: PJm-

Dn!r d rd::, :- h: rea;;sr v;x:' -antan' t-val -' 'b- -:d-plana nf th- aa"%-c

P

|
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Table 15.4-3

PARAMETERS USED IN TIIE ANALYSIS OF THE ROD CLUSTER CONTROL
ASSEMBLY EJECTION ACCIDENT

HZP HFP HZP HFP
Time in Life Beginning Beginning End End

Power level (%) 0 102 0 102

Ejected rod worth (%Ak) 0.744 0.38 0.83 0.33

Delayed neutron fraction (%) 0.55 0.55 0.44 0.44

Feedback reactivity weighting 2.071 1.30 2.32 1.60

Trip reactivity (%Ak) 2.0 4.0 2.0 4.0

F before rod ejection - 2.756 - 2.756q

F after rod ejection 13.0 7.0 16.0 9.0q

Number of operational pumps 2 4 2 4

Maximum fuel pellet average tem- 3470 4138 3508 4050
perature (*F)

Maxitaum fuel center temperature 3881 4956 3862 4861
(*F)

Maximum clad average temperature 2795 2597 2901 2523
(*F)

Maximum fuel stored energy (cal /g) 147 182 149 177

Percent of fuel melted at hot spot 0 <10 0 <10

HZP - Hot Zero Power
HFP - Hot Full Power

ohwrev3\t504fn.R03 053195 Revision: 3
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Table 15.4-4 (Sheet 2 of 2) j
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Nuciear Power
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Figure 15.4.1-1

RCCA Withdrawal from Subcritical Nuclear Power
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Heat Flux (Fraction of Nominal)
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RCCA Withdrawal from Suberitical Thermal Flux
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Fuel Average Temperature (Deg F)
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Figure 15.4.1-3 A

RCCA Withdrawal from Suberitical
Fuel Average Temperature

,

owerev3usun.o aci95 Resision: 3s

3 W85tingh0LISO 15.4-57 August 31,1995

.
. . _ ____________



\

I
4

$

!
I

l

1

I

t

h
,

t

9

6

O

t
!
,

4

I

1

6

t

t
i

4

5

I
i
i

f

t

b

:

.

<

1
7

b

b

.i
!

i
t

i
i

1

4

b

!

e

r

s

k
4

i

t

!

I
.

.I
k

I

f

$

|

' l
i

i
1

e

15.4-58

-l
- - - - _ _ _ _ _<



15. Accident Analyses

Clad Inner Temperature (Oeg F)
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Figure 15.4.1-3 B

RCCA Withdrawal from Suberitical
Clad Inner Temperature |
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Figure 15.4.2-1

Nuclear Power Transient for an
Uncontrolled RCCA Bank Withdrawal from Full Power

With Maximum Reactisity Feedback (75 pcm/s Withdrawal Rate)
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Figure 15.4.2-1 RWAP 100% Maximum Feedback 75 pcm/s Insertion Rate
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Thermal Flux Transient for an
Uncontrolled RCCA Bank Withdrawal from Full Power

With Maximum Reactivity Feedback (75 pcm/s Withdrawal Rate) i
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Figure 15.4.2-2 RWAP 100% Maximum Feedback 75 pcm/s Insertion Rate
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Pressurizer Pressure Transient for an
Uncontrolled RCCA Bank Withdrawal from Full Power,
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Figure 15.4.2-3 RWAP 100% Maximum Feedback 75 pcm/s Insenion Rate
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Figure 15.4.2-4 RWAP 100% Manmum Feedback 75 pcm/s Insertion Rate
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15. Accident Analyses
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Figure 15.4.2-5 RWAP 100% Maxunum Feedback 75 pcm/s Insenion Rate
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'Figure 15.4.2-7 RWAP 100% Maximum Feedback 3 pcm/s Insertion Rate
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Figure 15.4.2-8 RWAP 100% Maximurn Tci#ueck 3 pcm/s Insenion Rare
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Figure 15.4.2-9 RWAP 100% Maimum Feedback 3 pcm/s Insertion Rate
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Figure 15.4.2-10 RWAP 100% Maumum Feedback 3 pcm/s Insertion Rate
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Figure 15.4.2-11 RWAP 100% Maximum Feedback 3 pcm/s Insenion Rate
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Figure 15.4.2-12 RWAP 100% Maximum Feedback 3 pcm/s Insenion Rate
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Figure 15.4.2-13 RWAP 100 Percent Power Minimum DNBR vs. Reactivity Insertion Rate
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Figure 15.4.2-13 RWAP 100 Percent Power Minimum DNBR vs. Reactivity Insertion Rate
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Figure 15.4.2-14 RWAP 60 Percent Power Minimum DNBR vs. Reactivity Insertion Rate
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15. Accident Analyses
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15. Accident Analyses :

Core Average Temperature (Deg FJ
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Figure 15.4.4-1 Improper Startup of an Inactive Reactor Coolant Pump i
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Figure 15.4.4-3 Improper Startup of an inactive Reactor Coolant Pump
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Figure 15.4.4-4 Improper Startup of an Inactive Reactor Coolant Pump
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Figure 15.4.4-5 Improper :. tad:.p of an inactive Reactor Coolant Pump
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Figure 15.4.4-6 Improper Stanup of aa Inactive Reactor Coolant Pump
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12 13.o 5.s o.2 -3.5 -5.7

13 i

O

Figure 15.4.7-4

Representative % Change in Local Assembly Average Power for Loading
,

'

Region 2 Assembly into Region 1 Position Near Core Periphery

o us=m3u so4rais-o6oi95 Revision: 3
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15. Accident Analyses

15.5 Increase in Reactor Coolant Inventory

Discussion and analysis of the following events are presented in this section:

Inadvertent operation of the core makeup tanks (CMT) during power operation*

Chemical and volume control system (CVS) malfunction that increases reactor coolant*

im entory

Rese Condition Il events cause an increase in reactor coolant inventory.

15.5.1 Inadvertent Operation of the Core Makeup Tanks (CMT) During Power Operation

15.5.1.1 Identification of the Causes and Accident Description

Spurious CMT operation at power could be caused by operator error, a false electrical
actuation signal or a valve malfunction. A spurious signal may originate from any of the
safeguards ("S") actuation channels as described in Section 7.3.

f Following the actuation signal, the reactor is tripped, CMT discharge valves and balance line
valves are opened, the reactor coolant pumps are tripped, and the two charging pumps on the
chemical and volume contrul system (CVS) are actuated.

[g However, it cannot be assumed that a single fault that actuates the CMTs also produces a
reactor trip. He opening of the CMT discharge valves, due to operator error or valve failure,g

( does not result in an immediate reactor trip but at the same time no flow is injected into the

[" RCS if the reactor coolant pumps are operating and the balance line valves are closed (RCPs
provide a very high counter pressure at the vessel injection).

The operator is alerted to the CMT discharge valve status by the CMT valve indication lights
in the main control room. The operator determines that the signal is a spurious one and in

i this case resets the valve status.
-

f A spurious "5" signal results m a reactor trip. Following the reactor trip, the reactor power'
drops and the average RCS temperature decreases with subsequent coolant shrinkage.y

%%.* * However, a few seconds after the trip, the two CVS pumps actuate, the CMTs discharge, the'

RCPs trip and the balance line valves open. He CMTs and CVS pumps then start injecting#' "

WV1 highly borated water into the RCS. He primary coolant system shrinkage is counteracted by

|the CMT and CVS injection and the pressurizer volume starts to increase because of the heatL J

|up of the cou Wed fluid bv the decav heat.gIhe tv5 pumps are automatically isolatedl
drRrthe PRHR is actuated on r high pressunzer level signal but this transient is terminated byr

3*4 the operator manually isolatuy, the CMTs. He operator determines whether the signal is''

spurious. If the "S" signal is determined to be spurious, the operator terminates the CMT' "

(hwYb injection and maintains the plant in the hot standby condition as determined by the appropriate J

r =3 tsostamos.o6oi,5 Revision: 3
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-

Fecov proc re. If the CS actuat' instru ntatiorfiIust be sefraired, cofstinued plarit J

o ration follow t technical r cificati s. I

This event is a Condition II incident (a fault of moderate frequency) as defined in
Subsection 15.0.1.

15.5.1.2 Analysis of Effects and Consequences

The plant response to a spurious "S" signal is analyzed by employing a modified version of
the computer program LOFTRAN described in Subsection 15.0.10.2. The code simulates the yMneutron kinetics, RCS, pressurizer, pressurizer safety valves, pressurizer spray, steam
generator, steam generator safety valves, and the passive residual heat removal (PRHR)

Eh CMTsystems ne program computes pertinent plant variables including temperatures, pres-
sures and power level.

{ Reactor power and average temperature drop immediately following the trip and the operating

i conditions never approach the core limits.

A typical transient is presented representing the gn,irgugctivity feedback.and-the
;; a .... ... C M T Lv a m u e + = j. Control systems arc %ot assulned to function during the
transient. Cases with the turbine bypass (steam dump) and feedwater control systems working **
result in lower secondary and primary temperatures and in 98^MYe7#Eff.

- CMT and PRHR system performance is conservatively simulated,g.M i tiow rates to the RCS]
<4b *- 4 have been maximited and the PRHR siring and flow rates have been minimized)j .

wh |
!

A boset %
Plant characteristics and initial conditions are further discussed in Subsection 15.0.3. jt a

De assumptions are as follows:

Initial operating conditions*

1r y W .a. l } De initial reactor power, RCS pressure and average temperature are assumed to be at
-W their nominal values. Uncertainties in initial conditions are included in the limit DNBR. I i

(k..,*5
Moderator and Doppler coefficients of reactivity*

A least negative moderator temperature coeflicient is used. A low (absolute value)
Doppler power coefficient is assumed. Reactivity parameters are of no importance for
this analysis since the reactor is immediately tripped and there are no concerns about the
core shutdown since there is boron injection from the CMTs u.2 C'X.

Control Systems*

Control systems are not assumed to function since their operation results in a better
behaved transient.

Boron Injection*

Revision: 3 ow mntsostaouai''s
August 31,1995 15.5-2 3 Westiflgtt00$8
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Insert I
The inadvertent opening of the CMT discharge valves, due to operator error or valve failure is
not expected to result in CMT injection flow if the RCPs are operating, because the RCPs
provide a counter pressure at the direct vessel injection nozzle. However, if the counter
pressure is not sufficient to prevent CMT injection, a boration would occur similar to a CVS
malfunction event. The limiting CVS malfunction scenario presented in Subsection 15.5.2 ;

minimizes RCS average temperature, maximizes RCS pressure, and maximizes pressurizer ;

water volume at the time of "S" signal. This scenario bounds the inadvertent opening of the '

CMT discharge valves.

Insert 2
The case of a Spurious "S signal is analyzed here. Following a spurious "S" signal, the
reactor is tripped, the CMT discharge valves are opened, the RCPs are tripped, the PRHR is
actuated, the pressurizer heaters are blocked, and the two charging pumps on the chemical |
and volume control system (CVS) are isolated. Following reactor trip, the reactor power '

drops and the average RCS temperature decreases with subsequent coolant shrinkage. The
PRHR heat exchanger further contributes to the shrinkage. However, a few seconds after
reactor trip, the RCPs trip, and the CMTs start injecting highly borated water into the RCS.
The primary coolant system shrinkage is counteracted by the CMT injection and the
pressurizer volume stans to increase because of the heat up of the cold injected fluid by the

,

decay heat. j
i

Insert 3 I
Eventually, the CMTs hent up and the gravity driven recirculation is significantly reduced. |

The PRHR heat exchanger continues to extract heat from the RCS and the pressurizer water
volume stans to decrease. Ultimately, the CMTs stop recirculating and the PRHR heat
removal matches decay heat.

Insert 4
CMT enthalpies have been maximized. This is conservative, because it minimizes the cooling
provided by the CMTs as flow recirculates, thereby increasing the peak pressurizer water

.

volume during the transient. PRHR heat transfer capability has been minimized. I

I
Insert 5
The initial reactor power is assumed to be 102% of nominal. The initial pressurizer pressure ,

is assumed to be 50 psi above nominal. The initial RCS average temperature is assumed to |

be 6.5 F above nominal.
'

Insert 6
The transient is initiated by a spurious "S" signal. The CMT discharge valves are assumed to
open immediately and begin injecting 3400 ppm water when the RCPs are tripped.

Insert 7
The pressure in the primary and secondary systems increase initially due to the assumed
unavailability of the non-safety related control systems. The primary and secondary system
pressures eventually decrease as the PRHR system removes decay heat.

_ _ _ _ _ _ _ _ _ _ _ _ _



y "3i
15. Accident Axlyses

r

ks'.M The transient is initiated by a spurious 'S" signal. The CVS pumps actuate and the CMT'

gy discharge and balance line valves open after a seven second delay. The CMTs are

ggG assumed to be filled with 3500 ppm borated water and the water from the CVS contains

i 4375 ppm boron. 3

Reactor Trip*

Reactor trip is initiated by the "S" signal.

Plant systems and equipment which are available to mitigate the effect of the accident*

are discussed in Subsection 15.0.8 and listed in Table 15.0-6. No single active failure in
any of these systems or equipment adversely affect the consequences of the accident.

15.5.1.3 Results
S

Figures 15.5.1-1 through 15.5.1 -f show the transient response to the inadvertent operation of

pupog"g " signal occurs at 10 seconds accompaniedS
the Cg;igrigpower og:by the . .;~gof the n _ r, Iter a two second delay the neutron flux starts
decreasing immediately due to the reactor trip which is immediately followed by the turbine i

.- m.Jivvru J >m..i f:!!r:d by : M; :The rgty k' - - - -

trip. The C'"$beknd}. -inMLvrcoplantidtr f.k f;oge_.va M. _. , 14..gv."_. _ _, 'The PRHR is actuated setHk
#"

i

wIkt ste W Iuum...._t._,._.'..'..^m.. The_ 1
-*,-

. . . _ _ .
m 3. . ,- . _ - . , ~ . .-

I departure from nucleate boiling ratio increases throughout the transient.jThe pressure m the !

hiM _
primary and secondary systems increase due to the assumed unavailability of the non safety- i

Wd related control system.[The CMTs work in recirculation mode, meaning they are always filled|

Af.IIl with water since cold borated water injected through the injection line is replaced by hot water ,

.. |coming from the cold leg (balance line). De RC5 ma33 m-o.amhs me u 3a.;M: :-d 61k
I

r ~

urdd he. W rtdecthon is We Lit ^

pres urizer level increasesg'heA ' rewetd MTt affecQOf S M ofthC. PSM ytte.m t t CC N !g
"The calculated sequence of events is shown in Table 15.5-1. Recovery from the aNenhis

*

gg ,

I discussed in Subsection 15.5.1.1. |
4

15.5.1.4 Conclusions

1-

Results of the analysis show that spurious CMT operation presents no challenge to the
integrity of the RCS. If the accident is due to a valve failure or to a spurious signal at ther

%% component level, no injection is expected from the CMTs, and a reactor trip signal is not |

enerated. He operator is alerted by the status lights in the main control room and takes actionA _

to terminate the event as discussed in Subsection 15.5.1.1.
% A *\

k
\

J If the reactor is tripped as an immediate consequence of the spurious "S" signal, the plant
operating conditions never approach the core limit. Pressurizer pressure always remains below
110 percent of the design limit. The operator has more than 83 minutes to terminate the'*

accident before primary water is discharged from the pressurizer safety valves. )
W

. .maisostrao).o6cas Revision: 3

W W85tinghouse 15.5-3 August 31,1995

. _ _ _



,
. - _ _ _ _ - _ _ _ _

. ge

h 15. Accident Allyses

15.5.2 Chemical and Volume Control System Malfunction That Increases Reactor Coolant
leventory

15.5.2.1 Identification of Causes and Accident Description

An increase of reactor coolant inventory which results from addition of cold unborated water
to the reactor coolant system is analyzed in Subsection 15.4.6, chemical and volume control
system malfunction that results in a decrease in boron concentration.

In this Subsection 15.5.2, the increase of RCS inventory due to the addition of borated water
is analyzed.

He increase of RCS coolant inventory may be due to the spurious operation of one or both
of the CVS pumps or by the closure of the letdown path, if the CVS is injecting highly
borated water into the RCS, the reactor experiences a negative reactivity excursion due to the
injected boron, causing a decrease in reactor power and subsequent coolant shrinkage and
pressurizer pressure and water level decrease. The load decreases due to the effect of reduced
steam pressure after the turbine throttle valve fully opens.llf the automa ' rod control system ;

'is used eseeffects lessened the rods ing out of the More mass accumu- |
lat the RCS. ile the re or is eventual tripped by the reac protection system (i <

ssurizer p sure, high ssurizer water vel or low steam li pressure "S" signal ctor

trip), the S pressure d volume tran nt is not over until e CVS and CMTs solated

and st injecting ter into the R , While the CVS ' automatically isolat on a high
pre rizer wate evel signal, the MTs are manually ' olated by the operat .

The time the trip is affee by initial operati conditions, includin re bumup hist , ,

1

which ects initial bo concentration, rat f change of boron c centration, and ppler
,

Ry\ c.a. - n oderator coefU nts.
.

.w
w e \0 CVS pumps utomatically trip and the PRHRis ated on the pres high water i

L __ J level trip. the CMTs are no ted during the ient, CVS iso ion terminates the !

acciden f the CMTs are ated during the tran nt, the transient s like a spuriou

CM actuation transient er the CVS is isolat . He only diffe nee is the lower av e

t perature and pres associated with power mismate uring the first p of the
transient. The ope or then detennines if onditions exist t solate the CMTs a te:rminate
the accident.

The time which the reactor tri occurs is of no neern for the tran - t. 1s

This event is a Condition 11 incident (a fault of moderate frequency) as defined in Sabsec-
tion 15.0.1.

1

Revision: 3 owsestanomms
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Insert 8
At about 8,700 seconds, the PRHR heat flux approaches core decay heat, and the pressurizer
water volume stops increasing. At about 10,000 seconds, the CMTs essentially stop injecting,
and the pressurizer safety valves close. At about 15,000 seconds, the PRHR heat flux
matches the core decay heat.

Insert 9
Results of the analysis show that a spurious "S" signal and subsequent CMT operation does
not adversely affect the core, the reactor coolant system, or the steam system. The PRHR
heat removal capacity is such that reactor coolant water is not relieved from the pressurizer
safety valves. DNBR always remains above the safety analysis limit values and RCS and
steam generator pressures remain below 110% of their design values. If the accident is due
to the inadvenent opening of the CMT discharge valves, due to operator error or valve
failure, CMT injection flow is not expected if the RCPs are operating, because the RCPs
provide a counter pressure at the direct vessel injection nozzle. However, if the counter
pressure is not sufficient to prevent CMT injection, a boration would occur similar to a CVS
malfunction event. The limiting CVS malfunction scenario presented in Subsection 15.5.2
minimizes RCS average temperature, maximizes RCS pressure, and maximizes pressurizer
water volume at the time of "S" signal. This scenario bounds the inadvertent opening of the .

CMT discharge valves.

Insert 10
At high CVS boron concentrations, low reactivity feedback conditions, and the reactor in
manual rod control, an "S" signal will be generated by either the low Tcold or low steamline
pressure setpoints before the CVS can inject a significant amount of water into the RCS. In
this case, the CVS malfunction event proceeds similarly to and is only slightly more limiting
than the Spurious "S" signal event analyzed in Subsection 15.5.1. If the automatic rod control
is modeled and the pressurizer spray functions properly to prevent a high pressure reactor trip
signal, no "S" signals are generated and this specific event is terminated by automatic
isolation of the CVS on the safety-related high pressurizer level setpoint.

1

|

Under typical operating conditions for the AP600, the boron concentration of the injected
CVS water is equal to that of the RCS. If the CVS is functioning in this manner and the
pressurizer spray system functions properly to prevent a high pressure reactor trip signal, no
"S" signals are generated and this specific event is also terminated by automatic isolation of
the CVS on the safety related high pressurizer level setpoint.

While the scenarios discussed above are the most probable outcomes of a CVS malfunction,
several combinations of boron concentrations, feedback conditions, and plant system
interactions have been identified which can result in more limiting scenarios with respect to
pressurizer overfill. The key factors which make this event more limiting than the Spurious
"S" signal event analyzed in Subsection 15.5.1 are that the RCS is at a lower average
temperature, higher pressure, and a higher pressurizer level at the time an "S" signal is
generated. These factors produce a greater volume of higher density water, and thus, a larger
RCS mass at the time of the "S" signal. In addition, at lower RCS average temperature, the
PRHR is less effective in removing decay heat, which results in greater expansion of the cold



.

water injected by the CMTs.

The limiting analysis scenario minimizes RCS average temperature, maximizes RCS pressure,
and maximizes pressurizer water volume at the time of "S" signal. This scenario is as
follows:

Both of the CVS pumps spuriously begin delivering flow at a boron concentration
slightly higher than that of the RCS. (Assuming that a CVS malfunction results in
both CVS pumps delivering flow is a conservative assumption. One CVS pump is
automatically controlled and one is manually controlled.)

The nonsafety-related pressurizer spray is assumed to be unavailable, and a high
pressurizer pressure reactor trip signal is generated.

Soon after reactor trip, main feedwater is isolated on a low Tavg coincident with
reactor trip signal, and as voids collapse in the steam generator a low steam generator
level narrow range signal is assumed to be generated.

The nonsafety-related startup feedwater system is assumed unavailable, such that the
PRIIR heat exchanger is actuated after a time delay on a low steam generator level
coincident with low startup feedwater signal. |

|

The PRHR cools the plant and a low Tcold "S" signal is generated. On an "S" signal, j
the CVS is automatically isolated, the CMT discharge valves are opened, the RCPs are
tripped, and the pressurizer heaters are blocked.

Insert 11
Using an iterative analysis process, a set of reactivity feedback parameters, CVS flow, CVS
boron concentration, and initial pressurizer water volume are chosen such that the time of the
low Tcold "S" signal is coincident with the time of the high pressurizer level CVS isolation
signal. The pressurizer pressure is also at the safety valve setpoint at the time of "S" signal.
These conditions result in the most limiting transient with respect to margin to pressurizer
overfill.

Insert 12
The initial reactor power is assumed to be 102% of nominal. The initial pressurizer pressum
is assumed to be 50 psi above nominal. The initial RCS average temperature is assumed to
be 6.5 F above nominal.

Insert 13
A least negative moderator temperature coefficient, a low (absolute value) Doppler power
coefficient, and a maximum boron worth are assumed. The most limiting CVS boron
concentration is chosen for this set of reactivity feedback parameters. For a different set of
reactivity feedback parameters, a different CVS boron concentration can result in an identical
transient.

I
i
;
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15.5.2.2 Analysis of Effects and Consequences

15.5.2.2.1 Method of Analysis g
The malfunction of the CVS system is analyzed by employi a modified version of the
computer program LOFTRAN (Reference 1). The code simu tes the neutron kinetics, RCS,
pressurizer, pressurizer safety valves, pressurizer spray, st am generator, steam generator

safety valves, and the passive residual heat removal fPRHR) dgse The program
computes pertinent plant variables including temperatures, pressures and power level.

Because of the power and temperature reduction during thetransient, operating conditions do
not approach the, core limits.J Analy ' of several has shown t the results are

f relatively ind ndent of the time e trip.

[] -. A typi transient is prese ,representin e minimum reac ' ity feedback and e rod
co o! system m manu operation.

***"i E
" The CVS system ' conservatively ulated (flow rat o the RCS are m mized). Plant

characteristics d initial conditi s are further dise_ sed in Subsection 1.0.3.

The assumptions are as follows:

Initial Operating Conditions j*

1 bu } F The initial reactor power, RCS pressure and average temperature are at their nominal9
** \ | values. Uncertainties in initial conditions are included in the limit DNBR.

ben \t__J -

;
'

Moderator and Doppler coetEcients of reactivity*

bgksa }
.,A A least negative moderator temperature coefficient is used. A low (absolute value) I

.

I

$swt Yhj | Doppler power coefficient is assumed. ;

* Reactor Control

Rod control is not modeled.

Pressurizer Heaters*

T
_

7 Pressurizer heaters are assumed to be inoperable. This assumption yields a higher rate'

_

of pressure droo ;ggg
;

Boron Injection*

**) I After 10 seconds at steady state, two CVS pumps start injecting 4375 ppm borated water
~

[he\5j -. int the RCS.

|

. nsost.no3.oes Revision: 3
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* Turbine Load

He turbine load is assumed constant until the governor drives the throttle valve wide
open. Then the turbine load drops as steam pressure drops.

Reactor Trip*

Rg l faeacior trin is initiated hv either a low oressurizer nressure or a low steam li e pressurey
\%.* 4 Plant systems and equipment which are available to mitigate the effect of the accident

L are discussed in Subsection 15.0.8 and listed in Table 15.0-6. No single active failure;

in any of these systems or equipment adversely effects the consequences of the accident.

15.5.2.2.2 Results
1

Figures 15.5.2-1 through 15.5.2 f show the transient resgtresults in an increase of RCS inventory. Neutron flux -n.u ....gCgmalfunction that
. _m3 ..m d:2:!y due to

boron injection, but steam flow does not decrease until later in the transient when the turbine
throttle valves are wide open.

7

Jne mismatch betw n load and nuclear po r causes the RCS av ge temperature,
pressurizer water 'el, pressurizer pressure steam generator pressu to drop. When the
low steam lin ressure "S" signal set poi is reached, the reactor 'ps and the control rods
start movi mto the core. He dep from nucleate boiling o increases throughout the

f transi .

tw

\**'d U }i
e CMTs are actuated at ut 140 seconds and the s are tripped with a delay two

seconds after the gene 'on of the "S" signal. He CS mass and pressurizer ter level
L increase and at 144 onds the high pressurize ater level set point is rea , the CVS

is isolated and RHR is actuated. ne ient continues since the C s inject wates
in the RCS.

At 47 seconds there is still a sign' cant steam volume in the ssurizer. The operatoi

he nates the accident as discussef m Subsection 15.5.2.1. 1

The calculated sequence of events is shown in Table 15.5-1.

15.5.2.3 Conclusions

Resehs or*h:-tis shew ira CVS =!frein .m ;;:: e |----3 it oc i .::;i;rj ef de-

-

Res-$, .,* .1

rE*tN) lf the reactor does not trip immediately, either the low pressurizer pressure, the high
"M

hpressurizer water level, or a "S" signal from the low steam pressure is actuated. This signal(\***r* O iso trips the turbine preventing excess cooldown. J

Revision: 3 .ensosen nowu995
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~

l.

if during t sient, the C are actuated, the ope or determines if con onNxist tolF

stop C flow. More th minutes are availab to the operator to iso e the CMTs ang -

te mate the event be primary water is d' arged from the pres izer safety valvM

15.5.3 Boiling Water Reactor Transients
.

This subsection is not applicable to the AP600. |

l 15.5.g5 References
|

| 1. Bumett, T. W. T., et al., "LOFTRAN Code Description," WCAP-7907-P A (Proprietary)
! and WCAP-7907-A (Nonproprietary), April 1984.
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p
k D

Table 15.5-1 g 1

TIME SEQUENCE OF EVENTS FOR INCIDENTS WIIICII RESULT IN
INCREASE IN REACTOR COOLANT INVENTORY

Accident Event Time (s)

Inadvertent operation of the ECCS Spurious "S" signal
-

10.

(CMT and CVS actuation) due to a
spurious "S" signal during power
operation

Two CVS pumps actuate 10.

Rod motion begins 12.

CMTs actuate 17.

RCPs trip 25.

Pressuriser safet alves open 264.

liigh pressuri .r water level 729.
setpoint er ed. CVS pumps
isolated 4d PRIIR actuated

Oper or terminates event 5000.

CVS malfunction that increases C S started 10.
reactor coolant inventory

Low steam pressure "S" signal 131.7

Rods begin to drop 133.7

CMTs actuated 138.7

Steam and feed lines isolation 143.7

]
RCP tripped 146.7

CMT upper dome uncovers 168.

CMT upper dome recovers 345.

PRZ safety valves open 528.

liigh pressurizer water level 1494.
setpoint reached, CVS pumps isol-
ated and PRIIR actuated ;

Operator terminates event 4700. !

|
|

1
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Revision: 0
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Table 15.5-1
(Part 1 of 2)

Time Sequence of Events for incidents Which Result in an
increase in Reactor Coolant Inventory

Accident Event Time (s)

Inadvertent operation of the ECCS Spurious "S" signal 10.
(CMT and CVS actuation) due to a
spurious *S* signal during power
operation

CMT discharge valves open 10.

Rod motion begins 12.

RCPs trip 25.

Steam and feed lines isolated 22.

PRHR actuated 32.

Pressurizer safety valves open 2,200.

Peak pressurizer water volume 8,700.

CMTs stop recirculating 10.000.
"

Pressurizer safety valves close 10,000.

PRHR matches decay heat 15,000.

1

i

I
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Table 15.5-1
(Part 2 of 2)

Time Sequence of Events for incidents Which Result in an
increase in Reactor Coolant inventory

Accident Event Time (s)

CVS malfunction that increases CVS charging pumps staned 10.
reactor coolant inventory

High pressurizer pressure reactor 510.
trip signal

Rods begin to drop 512.

Main feedwater isolated on law-2 516.
Tavg coincident with reactor trip

Pressurizer safety valves open 550.

PRHR actuated on low steam gen- 564.
erator narrow range level coincident
with low SFW

low Teold "S" signal 991.
.

Steamlines isolated 991.

, High pressurizer level CVS isola- 993.
tion setpoint'

CVS charging pumps isolated 1,003.
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Peak pressurizer water volume 18,800.
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