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140 SAFETY ANALYSIS

This section evaluates the safety aspects of either Unit 1 or Unit 2 of the plant, demonstrates that
either or both units can be operated safely and that exposures from credible accidents do not
exceed the guidelines of 10 CFR 50.67 or other applicable acceptance criteria.

This section is divided into three subsections, each dealing with a different behavior category:

Core and Coolant Boundary Protection Analysis, FSAR 14.1

With the exception of the Locked Rotor Accident, the abnormalities presented in FSAR 14.1 have
no off-site radiation consequences. Radiological consequences, resulting from fuel cladding
damage and a radioactivity release to the outside atmosphere, are assumed to occur as a result of
the Locked Rotor Accident, presented in FSAR 14.1.8.

Standby Safety Features Analysis, FSAR 14.2

With the exception of the Locked Rotor Accident, the accidents presented in FSAR 14.2 are more
severe than those discussed in FSAR 14.1 and may cause release of radioactive material to the
environment.

Rupture of a Reactor Coolant Pipe, FSAR 14.3

The accident presented in FSAR 14.3, the rupture of areactor coolant pipe, isthe worst case
accident and is the primary basis for the design of engineered safety features. It is shown that
even the consequences of this accident are within the guidelines of 10 CFR 50.67.

Parameters and assumptions that are common to various accident analyses are described below to
avoid repetition in subsequent sections.

Steady State Errors

For most accidents which are DNB limited, nominal values of initial conditions are assumed.
The allowances on power, temperature, and pressure are determined on a statistical basis and are
included in the limit DNBR, as described in WCAP-11397 (Reference 1). Thisprocedureis
known as the “Revised Thermal Design Procedure,” and is discussed more fully in FSAR 3.2.

For accidentsin which the Revised Thermal Design Procedure is not employed, the initial
conditions are obtained by adding the maximum steady state errorsto rated values. The following
conservative steady state errors were assumed in the analyses:

1 Core Power + 0.6% allowance for calorimetric error

2. Average Reactor Coolant Temp £ 6.4°F allowance for controller deadband
and measurement error

3. Pressurizer Pressure + 50 psi allowance for steady state

fluctuations and measurement error
Table 14.0-1 and Table 14.0-2 summarize initial conditions and computer codes used in the

accident analyses, and show which accidents employed a DNB analysis using the Revised
Thermal Design Procedure (RTDP).
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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
control rods and operating instructions. Power distribution may be characterized by the radial
peaking factor (F,p) and the total peaking factor (Fg). The peaking factor limits are givenin the

Technical Specifications.

For transients which may be DNB limited, the radial peaking factor is of importance. Theradial
peaking factor increases with decreasing power level dueto rod insertion. Thisincreasein Fyy is
included inthe core limitsillustrated in Figure 14.0-1. All transientsthat may be DNB limited are
assumed to begin with a F, consistent with the initial power level defined in the Technical

Specifications. The axial power shape used in the DNB calculation is discussed in FSAR 3.2.

Theradial and axial power distributions described above are input to the \VIPRE code as
described in FSAR 3.2.

For transients which may be overpower limited, the total peaking factor (Fq) is of importance.

All 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 which are slow with respect to the fuel rod thermal time constant (for
example, the Chemical and Volume Control System malfunction which resultsin adecreasein the
boron concentration in the reactor coolant, lasting many minutes, and the excessive increasein
secondary steam flow incident which may reach equilibrium without causing a reactor trip), the
fuel rod thermal evaluations are performed as discussed in FSAR 3.2. For overpower transients
which are fast with respect to the fuel rod thermal time constant (for example, the uncontrolled
rod cluster control assembly bank withdrawal from subcritical and rod cluster control assembly
gjection incidents which result in alarge power rise over afew seconds), a detailed fuel heat
transfer calculation must be performed. Although the fuel rod thermal time constant isafunction
of system conditions, fuel burnup and rod power, atypical value at beginning-of-life for high
power rods is approximately five seconds.

Reactivity Coefficients Assumed in the Accident Analyses

The transient response of the reactor system is dependent on reactivity feedback effects, in
particular the moderator temperature coefficient and the Doppler power coefficient. These
reactivity coefficients and their values are discussed in detail in FSAR 3.2.

In the analysis of certain events, conservatism requires the use of large reactivity coefficient
values, whereas in the analysis of other events, conservatism requires the use of small reactivity
coefficient values. Some analyses such asloss of coolant from cracks or ruptures in the Reactor
Coolant System do not depend on reactivity feedback effects. The justification for use of
conservatively large versus small reactivity coefficient valuesis 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 represent unrealistic situations.
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Rod Cluster Control Assembly Insertion Characteristics

The negative reactivity insertion following areactor trip is afunction of the position versustime
of therod cluster control assemblies and the variation in rod worth as a function of rod position.
With respect to accident analyses, the critical parameter is the time of insertion up to the dashpot
entry or approximately 85 percent of the rod cluster travel. Therod cluster control assembly
position versus time assumed in accident analysesis shown in Figure 14.0-2. Therod cluster
control assembly insertion time to dashpot entry is taken as 2.2 seconds.

Figure 14.0-3 shows the fraction of total negative reactivity insertion versus normalized rod
position for a core where the axial distribution is skewed to the lower region of the core. An axial
distribution which is skewed to the lower region of the core can arise from an unbalanced xenon
distribution. This curveisused to compute the negative reactivity insertion versus time following
areactor trip which isinput to all point kinetics core models used in transient analyses. The
bottom-skewed power distribution itself is not input into the point kinetics core model. Thereis
inherent conservatism in the use of Figure 14.0-3 in that it is based on a skewed flux distribution
which would exist relatively infrequently. For cases other than those associated with unbalanced
xenon distributions, significant negative reactivity would have been inserted due to the more
favorable axial distribution existing prior to trip.

The normalized rod cluster control assembly negative reactivity insertion versus timeis shown in
Figure 14.0-4. The curve shown in this figure was obtained from Figure 14.0-2 and

Figure 14.0-3. A total negative reactivity insertion following atrip of 5 percent AK/K isassumed
in the transient analyses except where specifically noted otherwise. Thisassumptionis
conservative with respect to the calculated trip reactivity worth available. For Figure 14.0-2 and
Figure 14.0-3, the rod cluster control assembly drop is normalized to 2.2 seconds, unless
otherwise noted for a particular event.

Reactor Trip

A reactor trip signal acts to open the two series trip breakers feeding power to the control rod
drive mechanisms. The loss of power to the mechanism coils causes the mechanisms to release
the control rods, which then fall by gravity into the core. There are various instrumentation
delays associated with each tripping function, including delaysin signal actuation, in opening the
trip breakers, and in the release of the rods by the mechanisms. The total delay to trip is defined
as the time delay from the time that trip conditions are reached to the time the rods are free and
beginto fall. Thetime delay assumed for each tripping functionis givenin

Table 14.0-3.

Reference is made in Table 14.0-3 to overtemperature and overpower AT trip points shown in
Figure 14.0-1. Figure 14.0-1 presentsthe allowable reactor coolant loop average temperature and
AT for the design flow and power distribution, as described in FSAR 3.2, asafunction 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 all adverse instrumentation and setpoint errors so that under nominal
conditions a trip would occur well within the area bounded by these lines. The utility of this
diagramisin the fact that the limit imposed by any given DNBR can be represented asaline. The
DNB lines represent the locus of conditions for which the DNBR equals the safety analysis limit
value. All points below and to the left of a DNB line for a given pressure have a DNBR greater
than the limit value. The diagram showsthat DNB is prevented for all casesif the area enclosed
with the maximum protection linesis not traversed by the applicable DNBR line at any point.

UFSAR 2010 Page 14.0-3 of 16



Safety Analysis
FSAR Section 14.0

The area of permissible operation (power, pressure, and temperature) is bounded by the
combination of reactor trips: high neutron flux (fixed setpoint); high pressure (fixed setpoint); low
pressure (fixed setpoint); overpower and overtemperature AT (variable setpoints).

The limit value, which was used as the DNBR limit for all accidents analyzed with the Revised
Thermal Design Procedure (see Table 14.0-1), is conservative compared to the actual design
DNBR value required to meet the DNB design basis as discussed in FSAR 3.2.

The difference between the limiting trip point assumed for the analysis and the normal trip point
represents an allowance for instrumentation channel error and setpoint error. Nominal trip
setpoints are specified in the plant Technical Specifications.

Determining Reactor Power Level through Secondary Calorimetric

To assure that the initial reactor power level prior to an overpower transient is maintained within
the accident analysis assumption of 100.6%, a secondary plant calorimetric is performed on a
periodic basis to determine core thermal power and to set the power range flux instrumentsto this
measured power. The calorimetric power level is calculated using measurement of secondary
parameters such as feedwater flow, feedwater inlet temperature to the steam generators and steam
pressure. High accuracy instrumentation is provided for these measurements, such that total
instrument error isless than or equal to 0.6%. If the Leading Edge Flow Meter (LEFM) used to
measure feedwater flow is out of service, the operating reactor power level isreduced to account
for increased cal orimetric measurement uncertainty of the feedwater flow venturis, so that reactor
power continues to be maintained within the accident analysis assumption for initial reactor
power level.

Plant-to-Plant Interaction

The safety evaluation of atwo unit plant, where two reactors are situated in close physical
proximity on the same site, sharing certain facilities and operated as combined power producing
units, requires that the safety assessment treat the plant as atwo unit facility rather than as two
individual single unit facilities. However, for the reasons discussed below, the nature of the two
unit plant design confines the location of areactor fault condition to one of the two units at any
time (with the exception of possible faults arising in the electrical grid system to which both units
are connected, and these have no off-site radiation consequences). Thus, for the two unit plant,
the potential consequences of each and every credible reactor fault condition are no different than
those for a single unit plant.

Possible sources of interaction between the two units are discussed below:

Sharing of Systems

Asnotedin FSAR 1.0, FSAR 9.0, FSAR 10.0, and FSAR 11.0, all or part of certain systems (e.g.,
Chemical and Volume Control System, Waste Disposal System) are shared by the two units. A
functional evaluation of the components of those systems which are shared by the two unitsis
given in Appendix A.6.
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The plant is provided with acontrol room which is common to both units. Physical separation of
control panelsin the control room essentially eliminates interaction of the control systems of the
two units. The two units are connected to the same external electrical grid, and it is therefore
possible that the following transients could affect both units simultaneously:

1 Loss of external electrical load (FSAR 14.1.9)
2. Lossof al AC power to the station auxiliaries (FSAR 14.1.11)

The design is such that the occurrence of either of these two transients, in both units
simultaneously, can be accommodated without an unsafe condition arising in either unit.

Except for the electrical grid conditions noted above, all systems which are shared by both units
are designed such that a shared system can neither cause a simultaneously unsafe condition in
both units, nor propagate an accident condition, which may arise in one unit, to the other unit.

Physical Proximity

The positioning of the two unitsin close physical proximity introduces no possibility of externa
interaction. For each unit, the integrity of all systems whose functions are necessary to maintain
the safety of the reactor is ensured by the nature of the design: e.g., through separation of
redundant components such as wiring, and missile shielding both inside and outside the
containment. Thus, with the exception of the electrical faults already noted, the two unit plant
precludes by the nature of its design, any possibility of either (a) simultaneous occurrence in both
units of fault conditions having acommon origin, (b) the propagation from one unit to the other
unit of afault condition.

In addition, it is not considered credible that both units could develop unrelated accidents, either
of the same or a different nature simultaneously. Thus, the criteriafor plant design require the
capability to deal with the affected unit while maintaining safe control of the other unit.
Although these criteria do not directly imply that the other unit must be shut down following the
occurrence of an accident condition in one unit, the two unit plant design includes the capability
to meet all safety criteriain the affected unit, and simultaneously shut the second unit down and
maintain it at hot shutdown, if required. In fact, continued on-line operation of the adjacent unit
enhances the assurance of a continuous supply of electrical power for the engineered safety
features of the affected unit.

In atwo unit plant, the overall design of each unit represents no essential departure from the
current design of the unit which comprises asingle unit plant. Thus, the methods and techniques
for the safety assessment of a single unit plant are directly applicable to atwo unit plant. Further,
since both units of a two unit plant are nearly identical, the safety assessment (presented in this
section for asingle unit) is equally applicable to either unit.

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 primary system pipe rupture
(FSAR 14.3), are summarized in their respective accident analyses sections. The codes used in
the analyses of each transient have been listed in Table 14.0-1.
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Advanced Nodal Code (ANC) / SPNOVA (Reference 7, Reference 10, and Reference 11)

ANC isan advanced nodal code capable of two-dimensional (2-D) and three-dimensional (3-D)
neutronics calculations. ANC isthe reference model for certain safety analysis calculations,
power distributions, peaking factors, critical boron concentrations, control rod worths, reactivity
coefficients, etc. Inaddition, 3-D ANC validates 1-D and 2-D results and provides information
about radial (x-y) peaking factors as afunction of axial position. It can calculate discrete pin
powers from nodal information as well.

The SPNOVA code utilizes the same Westinghouse standard core design methodology with
three-dimensional (3-D) nodal expansion methodology for static analysis of coresthat is
incorporated into the ANC computer program (Reference 11). SPNOVA includes a neutron
Kinetics capability and uses the Stiffness Confinement Method to solve time dependent equations.

The ANC licensing topical report, WCAP-10965 (Reference 7), was approved by the NRC viaan
SER from C. Berlinger (NRC) to E. P. Rahe (Westinghouse), dated June 23, 1986. The SPNOVA
licensing topical report, WCAP-12983 (Reference 10), was approved by the NRC viaan SER
from A. C. Thadani (NRC) to W. J. Johnson (Westinghouse), dated November 26, 1990. A
process improvement that has resulted in streamlining and consolidating the Westinghouse
neutronics code system was discussed in a letter (Reference 11) from N. J. Liparulo
(Westinghouse) to R. C. Jones (NRC), dated March 29, 1996. As concluded in that letter, the
implementation of the ANC solution method in SPNOVA eliminated the solution differences
between ANC and SPNOVA, and also eliminated the SPNOVA normalization step to the ANC
conditions, addressing the SPNOVA SER conditions imposed due to the solution differences
between ANC and SPNOVA.

FACTRAN (Reference 2)

FACTRAN calculates the transient temperature distribution in a cross section of metal clad UO,

fuel rod and the transient heat flux at the surface of the cladding using as input the nuclear power
and time-dependent coolant parameters (pressure, flow, temperature, and density). The code uses
afuel model which exhibits the following features simultaneously:

1 A sufficiently large number of radial space increments to handle fast transients such as
rod g ection accidents.

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

3. The necessary calculations to handle post-DNB transients: film boiling heat transfer
correlations, Zircaloy-water reaction and partial melting of the materials.

LOFTRAN (Reference 3)

The LOFTRAN program is used for studies of transient response of a PWR system to specified
perturbations in process parameters. LOFTRAN simulates a multiloop system by a model
containing reactor vessel, hot and cold leg piping, steam generator (tube and shell sides) and the
pressurizer. The pressurizer heaters, spray, and relief and safety valves are also considered in the
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program. Point model neutron kinetics, and reactivity effects of the moderator, fuel, boron, and
rods are included. The secondary side of the steam generator utilizes a homogeneous, saturated
mixture for the thermal transients and awater level correlation for indication and control. The
Reactor Protection System is simulated to include reactor trips on high neutron flux,
overtemperature AT, overpower AT, high and low pressurizer pressure, low flow, and high
pressurizer level. Control systems are also simulated including rod control, steam dump,
feedwater control, and pressurizer pressure control. The Emergency Core Cooling System,
including the accumulators and upper head injection, is also modeled.

LOFTRAN is aversatile program which is suited to both accident evaluation and control studies
aswell as parameter sizing. It aso hasthe capability of calculating the transient value of DNBR
based on the input from the core limitsillustrated in Figure 14.0-1. The core limits represent the
minimum value of DNBR as calculated for typical or thimble cell.

RETRAN (Reference 8)

RETRAN isused for studies of transient response of a pressurized water reactor (PWR) system to
specified perturbations in process parameters. This code simulates a multi-loop system by a
lumped parameter model containing the reactor vessel, hot- and cold-leg piping, RCPs, steam
generators (tube and shell sides), main steam lines, and the pressurizer. The pressurizer heaters,
spray, relief valves, and safety valves can aso be modeled. RETRAN includes a point neutron
kinetics model and reactivity effects of the moderator, fuel, boron, and control rods. The
secondary side of the steam generator uses a detailed nodalization for the thermal transients. The
RPS simulated in the code includes reactor trips on high neutron flux, high neutron flux rate,
OTAT, OPAT, low reactor coolant flow, high- and low-pressurizer pressure, high pressurizer
level, and low-low steam generator water level. Control systems are also simulated including rod
control and pressurizer pressure control. Parts of the safety injection system (SIS), including the
accumulators, are also modeled. Also, a conservative approximation of the transient DNBR,
based on the core thermal limits, is calculated via RETRAN.

TWINKLE (Reference 4)

The TWINKLE program is a multi-dimensional 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 equationsin one, two
and three dimensions. The code uses six delayed neutron groups and contains a detailed
multi-region fuel-cladding-coolant heat transfer model for calculating pointwise Doppler and
moderator feedback effects. The code handles up to 8000 spatial points, and performsits 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, e.g., channelwise
power, axial offset, enthal py, volumetric surge, pointwise power, and fuel temperatures.

The TWINKLE codeis used to predict the kinetic behavior of areactor for transients which cause
amajor perturbation in the spatial neutron flux distribution.
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THINC

The THINC Codeis described in Reference 7 and Reference 21, of FSAR 3.2.

VIPRE (Reference 9)

The VIPRE computer program performs thermal-hydraulic calculations. This code calculates
coolant density, mass velocity, enthalpy, void fractions, static pressure, and DNBR distributions
along flow channels within a reactor core.

The VIPRE licensing topical report, WCAP-14565 (Reference 9), was approved by the NRC via
an SER from T. H. Essig (NRC) to H. Sepp (Westinghouse), dated January 19, 1999.
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Table 14.0-1 SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED
Page 1 of 2
Vessel
Computer DNB o Vessel Coolant Average Coolant RCS
Event Codes Used Correlation RTDP Initial Power, % Flow (gpm) Temp.(° Pressure (psi
Uncontrolled Rod TWINKLE w-3) No 0 79,922 547 2,200
Withdrawal from Subcritical FACTRAN WRB-1?) (1,800 MW - Core power)
VIPRE
Uncontrolled Rod Withdrawl RETRAN WRB-1 Yes 100, 60, 10 186,000 578.4 (100%)
at Power - VIPRE (1,806 MWt - NSSS 566.4 (60%) 2,250
Minimum DNBR Cases power) 551.4 (10%)
Uncontrolled Rod Withdrawl RETRAN N/A No 100.6, 70, 55, 50, 178,000 583.4 (100.6%) 2,200
at Power - 45, 40, 35, 25, 8 574.4 (70%)
Peak RCS Pressure Cases (1,806 MWt - NSSS 569.9 (55%)
power) 568.4 (50%)
566.9 (45%)
565.4 (40%)
563.9 (35%)
560.9 (25%)
555.8 (8%)
RCCA Drop LOFTRAN®) WRB-1 Yes 100 186,000 577.0 2,250
ANC (1,800 MW1 - Core
VIPRE power)
Chemical and N/A N/A N/A 100 (MODE 1) N/A 583.4 (MODE 1) 2,250 (MODE 1)
Volume Control 5(MODE 2) 554.9 (MODE 2) 2,250 (MODE 2)
System Malfunction 0 (MODES 5 and 6) 200.0 (MODE5)  14.7 (MODESS5 and 6)
(1,800 MW1 - Core power) 140.0 (MODE 6)
Startup of an SeeFSAR 14.1.5
Inactive Reactor
Coolant Loop
Reduction in Feedwater Enthalpy I ncident Bounded by Excessive Load Increase Incident
Excessive Load Increase | ncident RETRAN WRB-1 Yes 100 186,000 578.4 2,250
(1,806 MWt - NSSS
power)
Loss of Reactor Coolant RETRAN WRB-1 Yes 100 186,000 578.4 2,250
Flow - All Cases SPNOVA (1,806 MWt - NSSS
VIPRE power)

UFSAR 2010
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Safety Analysis

Pressure Case

Case

Case

Case

Station Auxiliaries

Steam System Piping
Failure - Zero Power
(Core response only)

Steam System Piping

Failure - Full Power
(Core response only)

Ejection)

FSAR Section 14.0
Table 14.0-1 SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED
Page 2 of 2
Vessel
Computer DNB o Vessel Coolant Average Coolant RCS
Event Codes Used Correlation RTDP  Initial Power, % Flow (gpm) Temp.(°F) Pressure (psi
Locked Rotor - DNB Case RETRAN WRB-1 Yes 100 186,000 578.4 2,250
SPNOVA (1,806 MWt - NSSS
VIPRE power)
Locked Rotor - Peak RCS RETRAN N/A No 100.6 178,000 583.4 2,300
SPNOVA (1,806 MWt - NSSS
VIPRE power)
Loss of External Elecrtical RETRAN WRB-1 Yes 100 186,000 578.4 2,250
Load - Minimum DNBR (1,806 MWt - NSSS
power)
Loss of External Electrical RETRAN N/A No 100.6 178,000 577.0 (Unit 1)® 2,200
Load - Peak RCS Pressure (1,806 MW! - NSSS 583.4 (Unit 2)®)
power)
Loss of External Electrical RETRAN N/A No 100.6 178,000 583.4 2,200
Load - Peak MSS Pressure (1,806 MWt - NSSS
power)
Loss of Normal Feedwater RETRAN N/A No 100.6 178,000 570.6 2,300
(1,806 MWt - NSSS
power)
Lossof All AC Power to RETRAN N/A No 100.6 178,000 570.6 2,300 (Unit 1)
(1,806 MWt - NSSS 2,200 (Unit 2)
power)
RETRAN W-3 No 0 178,000 547.0 2,250
ANC (1,806 MWt - NSSS
VIPRE power)
RETRAN WRB-1 Yes 100 186,000 578.4 2,250
ANC (1,806 MWt - NSSS
VIPRE power)
Rupture of a Control Rod TWINKLE N/A No 102 (HFP) 178,000
Mechanism Housing (RCCA FACTRAN 0 (HzP) (HFP) 583.4 (HFP) 2,200
(1,800 MWt - Core 79,922 ® 547.0 (HZP)
power) (HzZP)

Notes:

(1) Below thefirst mixing vane grid.
(2) Above the first mixing vane grid.
(3) Flow from one loop = 0.449* TDF.

(4) The LOFTRAN portion of the analysis was generic; the DNB evaluation performed with VIPRE utilized the plant-specific values presented.
(5) Unit specific values are based on sensitivity studies performed to address issues related to initial vessel average coolant temperature for this event.

UFSAR 2010
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Table 14.0-2 NOMINAL VALUES OF PERTINENT PLANT PARAMETERS FOR
NON-LOCA ACCIDENT ANALYSES

Max T-avg Max T-avg Min T-avg Min T-avg

Parameter With RTDP  non-RTDP With RTDP  non-RTDP
Thermal Output of NSSS (MWt) 1806 1806 1806 1806
Maximum Core Power (MWt) 1800 1800 1800 1800

Vessel Coolant Average 577.0 577.0+6.4 558.0 558.0+6.4
Temperature ('F) (D

Reactor Coolant System 2250 2250+50 2250 2250+50
Pressure (psia)

Reactor Coolant Flow Per 93000 89000 93000 89000

Loop (gpm)

Steam Generator Tube Plugging 0 to 10% 0to 10% 0to 10% 0to 10%
Steam Generator Outlet 755 (0% SGTP) 755 (0% SGTP) 626 (0% SGTP) 626 (0% SGTP)
Pressure (psia) 727 (10% SGTP) 727 (10% SGTP) 601 (10% SGTP) 601 (10% SGTP)

Assumed Feedwater Temperature 390.0/458.0  390.0/458.0  390.0/458.0  390.0/458.0
at Steam Generator Inlet ('F)

Average Core Heat Flux @ 200848 209848 209848 209848
(BTU/hr-ft?)

(D Accident analyses support arange of full-power T-avg from 558.0°F to 577.0°F.

(@ Average Core Heat Flux = (1800 MWt * 0.974 * 156.401E6)/(121 * 179* 0.422 *
143.25/1.002), where, 1800 MWt is core power, 0.974 is the fraction of heat
generated in the pellet, 156.401E6 is a conversion factor, 121 is the number of
fuel assemblies, 179 is the number of rods per fuel assembly, 0.422 isthe clad
diameter ininches, 143.25 isthe active fuel length in inches, and 1.002 isthe fuel
densification factor.
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Table 14.0-3 TRIPPOINTSAND TIME DELAYSTO TRIPASSUMED IN ACCIDENT

ANALY SES

Trip Function

Power range high neutron
flux, high setting

Power range high neutron
flux, low setting

Overtemperature DT

Overpower DT

High pressurizer pressure
Low pressurizer pressure

Low reactor coolant flow
(from loop flow detectors)

Turbinetrip

Low-low steam generator
level (% of level span)

Limiting Trip Point
Assumed in Analysis
for 2250 psia Oper.

116%

35%

Variable see
Figure 14.0-1

Variable see
Figure 14.0-1

2418 psia
1855 psia

87% loop flow

N/A

20% of narrow range

Time
Delay
(seconds)
0.5

0.5

5.0D

6.0D

1.0
2.0

1.0

2.0

(@D Total time delay (including RTD bypass loop fluid transport delay effect, bypass loop
piping thermal capacity, RTD time response, and trip circuit, channel electronics
delay) from the time the temperature difference in the coolant loops exceeds the trip
setpoint until the rods are free to fall.

UFSAR 2010
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Figure 14.0-1 ILLUSTRATION OF OVERTEMPERATURE AND OVERPOWER
DELTA-T PROTECTION
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Figure 14.0-2 RCCA NORMALIZED ROD POSITION VS. TIME CURVE
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FSAR Section 14.0
| Figure14.0-3NORMALIZED REACTIVITY VSROD POSITION
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Figure 14.0-4 NORMALIZED TRIPREACTIVITY VSTIME
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Uncontrolled Rod Withdrawal from Subcritical
FSAR Section 14.1.1

141 CORE AND COOLANT BOUNDARY PROTECTION ANALYSIS
14.1.1 UNCONTROLLED ROD WITHDRAWAL FROM SUBCRITICAL

An RCCA withdrawal incident is defined as an uncontrolled addition of reactivity to the reactor
core caused by withdrawal of RCCAsresulting in a power excursion. Such atransient could be
caused by a malfunction of the reactor control or rod control systems. This could occur with the
reactor subcritical, at hot zero power or at power. The“at power” caseisdiscussed in

Section 14.1.2. Although the reactor isnormally brought to power from asubcritical condition by
means of RCCA withdrawal, procedures for the initial startup following refueling call for boron
dilution. The maximum rate of reactivity increase in the case of boron dilution is less than that
assumed in thisanalysis (Section 14.1.4).

Therod cluster drive mechanisms are wired into presel ected banks, and these bank configurations
are not altered during core life. The rods are therefore physically prevented from withdrawing in
other than their respective banks. Power supplied to the rod banksis controlled such that no more
than two banks can be withdrawn at any time. Additionally, with the Bank Selector Switch in
either the Automatic (AUTO) or Manual (MAN) position, the banks can be withdrawn only in
their proper withdrawal sequence. The rod drive mechanism is of the magnetic latch type and the
coil actuation is sequenced to provide variable speed rod travel. The maximum reactivity
insertion rate is analyzed in the detailed plant analysis assuming the simultaneous withdrawal of
the combination of the two control banks with the maximum combined worth at maximum speed.

The neutron flux response to a continuous reactivity insertion is characterized by avery fast rise
terminated by the reactivity feedback effect of the negative Doppler coefficient. This self
limitation of the power excursion is of primary importance since it limits the power to an
acceptable level during the delay time for protective action. Should a continuous RCCA
withdrawal accident occur, the transient will be terminated by the following automatic features of
the reactor protection system:

1.  Sourcerange high neutron flux reactor trip.

Actuated when either of two independent source range channelsindicates aflux level above
a preselected manually adjustable setpoint. This trip function may be manually blocked
only after an intermediate range flux channel indicates aflux level above aspecified level.
It isautomatically reinstated when both intermediate range channels indicate a flux level
below a specified level.

2. Intermediate range high neutron flux reactor trip.

Actuated when either of two independent intermediate range channelsindicates aflux level
above a preselected manually adjustable level. Thistrip function may be manually blocked
only after two out of four power range channels are reading above approximately

10 percent of full power and is automatically reinstated when three of the four channels
indicate a power level below this value.
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3. Power range high neutron flux reactor trip (low setting).

Actuated when two out of the four power range channels indicate a power level above
approximately 25 percent of full power. Thistrip function may be manually blocked when
two out of the four power range channels indicate a power level above approximately

10 percent of full power and is automatically reinstated only after three out of the four
channelsindicate a power level below thisvalue.

4. Power range high neutron flux reactor trip (high setting).

Actuated when two out of the four power range channels indicate a power level above a
preset setpoint. Thistrip function is always active.

In addition, control rod stops on high intermediate range flux level (one of two) and high
power range flux level (one 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.

Method of Analysis

The analysis of the uncontrolled RCCA bank withdrawal from subcritical accident is performed
inthree stages: first an average core nuclear power transient calcul ation, then an average core heat
transfer calculation, and finally the DNBR calculation. The average nuclear power transient with
respect to time calculation is performed using a spatial neutron kinetics code, TWINKLE, which
includes the various total core feedback effects, i.e., Doppler and moderator reactivity. The
FACTRAN code is then used to calculate the thermal heat flux transient, based on the nuclear
power transient calculated by TWINKLE. FACTRAN also calculates the fuel and cladding
temperatures. The average heat flux is next used in VIPRE, Reference 43 and Reference 44,
(Section 3.2) for transient DNBR calculation.

Plant characteristics and initial conditions are discussed in Section 14.0. In order to give
conservative results for a startup accident, the following assumptions are made.

1 Since the magnitude of the nuclear power peak reached during theinitial part of the
transient for any given rate of reactivity insertion is strongly dependent on the Doppler-only
power defect, conservatively low (lowest absolute magnitude) values are used.

2. Contribution of the moderator reactivity coefficient is negligible during theinitial part of
the transient because the heat transfer time between the fuel and the moderator is much
longer than the nuclear flux responsetime. However, after theinitial nuclear flux peak, the
succeeding rate of power increase is affected by the moderator reactivity coefficient. The
most positive value of the moderator temperature coefficient isused in the analysisto yield
the maximum peak heat flux.

3. Thereactor isassumed to be at hot zero power. This assumption is more conservative than
that of alower initial system temperature. The higher initial system temperature yields a
larger fuel-water heat transfer coefficient, larger specific heats, and aless negative (smaller
absolute magnitude) Doppler coefficient, all of which tend to reduce the Doppler feedback
effect thereby increasing the neutron flux peak. Theinitial effective multiplication factor is
assumed to be 1.0 since this results in maximum neutron flux peaking and, thus, the most
severe nuclear power transient.
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4. Reactor trip is assumed to beinitiated by power range flux (low setting). The most adverse
combination of instrument and setpoint errors, aswell asdelaysfor trip signal actuation and
RCCA release, istaken into account. A 10 percent increase is assumed for the power range
flux trip setpoint, raising it from the nominal value of 25 percent to 35 percent. Since the
rise in the neutron flux is so rapid, the effect of errorsin the trip setpoint on the actual time
at which the rods are released is negligible. In addition, the reactor trip insertion
characteristic is based on the assumption that the highest worth RCCA is stuck in itsfully
withdrawn position.

5.  The maximum positive reactivity insertion rate assumed is greater than that for the
simultaneous withdrawal of the combination of the two sequential control banks having the
greatest combined worth at maximum speed (45 inches/minute).

6.  Themost limiting axial and radial power shapes, associated with having the two highest
combined worth sequential banks in their highest worth position, are assumed for DNB
analysis.

7.  Theinitial power level was assumed to be below the power level expected for any

shutdown condition (102 of nominal power). The combination of highest reactivity
insertion rate and lowest initial power produces the highest peak heat flux.

8. One reactor coolant pump is assumed to bein operation. Thislowest initial flow minimizes
the resulting DNBR.

9. TheRCS pressureis 50 psi below nominal pressure.
Results

Figure 14.1.1-1 through Figure 14.1.1-3 show the transient behavior for the uncontrolled RCCA
bank withdrawal with the accident terminated by reactor trip at 35 percent nominal power. The
reactivity insertion rate used is greater than that calculated for the two highest worth sequential
control banks, both assumed to be in their highest incremental worth region. Figure 14.1.1-1
shows the neutron flux transient.

The energy release and the fuel temperature increases are relatively small. The thermal flux
response, of interest for departure from nucleate boiling considerations, is shown on

Figure 14.1.1-2. The beneficial effect of the inherent thermal lag in the fuel is evidenced by a
peak heat flux less than the full-power nominal value. The minimum DNBR at all times remains
above the safety analysis limit value and there is a high degree of subcooling at al timesin the
core. Figure 14.1.1-3 shows the response of the hot spot average fuel and cladding temperature.
The average fuel temperature increases to a value lower than the nominal full-power value.

The calculated sequence of events for this accident is shown in Table 14.1.1-1. 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.
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Conclusion

In the event of a RCCA withdrawal accident from the subcritical condition, the core and the
reactor coolant system are not adversely affected. The minimum departure from nucleate boiling
ratio remains above the safety analysislimit value and thus, no fuel or clad damage is predicted.

Reference

1. NRC Safety Evaluation 2011-0004, “ I ssuance of License Amendments Regarding
Extended Power Uprate,” dated May 3, 2011.
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Table 14.1.1-1 TIME SEQUENCE OF EVENTS FOR UNCONTROLLED RCCA
WITHDRAWAL FROM A SUBCRITICAL CONDITION

Event Time of Each Event
(Seconds)
Initiation of uncontrolled rod withdrawal from 107 of 0

nominal power

Power range high neutron flux low setpoint reached 10.0
Peak nuclear power occurs 10.11
Rods begin to fall into core 10.48
Peak heat flux occurs 11.93
Minimum DNBR occurs 11.93
Peak cladding temperature occurs 12.23
Peak average fuel temperature occurs 12.43
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Figure 14.1.1-1 UNCONTROLLED RCCA BANK WITHDRAWAL FROM SUBCRITICAL
NUCLEAR POWER TRANSIENT
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Figure 14.1.1-2 UNCONTROLLED RCCA BANK WITHDRAWAL FROM SUBCRITICAL
HEAT FLUX TRANSIENT
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Figure 14.1.1-3 UNCONTROLLED RCCA BANK WITHDRAWAL FROM SUBCRITICAL
FUEL TEMPERATURE TRANSIENT
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14.1.2 UNCONTROLLED ROD WITHDRAWAL AT POWER

An uncontrolled RCCA withdrawal at power resultsin an increase in core heat flux. Since the
heat extraction from the steam generator remains constant, there is a net increase in reactor
coolant temperature. Unless terminated by manual or automatic action, this power mismatch and
resultant coolant temperature rise would eventually result in DNB. Therefore, to prevent the
possibility of damage to the cladding, the Reactor Protection System is designed to terminate any
such transient with an adequate margin to DNB.

The automatic features of the Reactor Protection System which prevent core damagein arod
withdrawal accident at power include the following:

1 Nuclear power range instrumentation actuates a reactor trip if two out of the four channels
exceed an overpower setpoint.

2. Reactor trip is actuated if any two out of four AT channels exceed an overtemperature AT
setpoint. This setpoint is automatically varied with power distribution, temperature and
pressure to protect against DNB.

3. Reactor trip is actuated if any two out of four AT channels exceed an overpower AT
setpoint. Thissetpoint isautomatically varied with temperature to ensure that the allowable
full power rating is not exceeded.

4. A high pressure reactor trip, actuated from any two out of three pressure channels, isset at a
fixed point. This set pressure will be less than the set pressure for the pressurizer safety
valves.

5. A high pressurizer water level reactor trip, actuated from any two out of three level
channels, is actuated at a fixed setpoint. This affords additional protection for RCCA
withdrawal accidents.

The manner in which the combination of overpower and overtemperature AT trips provide
protection over the full range of reactivity insertion ratesisillustrated in Section 14.0.

Figure 14.0-1 represents the possible conditions of reactor vessel average temperature and AT
with the design power distribution in atwo-dimensional plot. The boundaries of operation
defined by the overpower AT trip and the overtemperature AT trip are represented as “ protection
lines’ on thisdiagram. These protection lines are drawn to include all adverse instrumentation
and setpoint errors, so that under nominal conditions trip would occur well within the area
bounded by theselines. A maximum steady state operating condition for the reactor is also shown
on the figure.

The utility of the diagram just described isin the fact that the operating limit imposed by any
given DNB ratio can be represented as a line on this coordinate system. The DNB lines represent
the locus of conditions for which the DNBR equals the safety analysis limit value. All points
below and to theleft of thisline have aDNB ratio greater than thisvalue. The diagram showsthat
DNB is prevented for all casesif the area enclosed within the maximum protection linesis not
traversed by the applicable DNB ratio line at any point.
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The region of permissible operation (power, pressure and temperature) is completely bounded by
the combination of reactor trips. nuclear overpower (fixed setpoint); high pressure (fixed
setpoint); low pressure (fixed setpoint); overpower and overtemperature AT (variable setpoints).
These trips are designed to prevent overpower and a DNB ratio of less than the limit value.

Method of Analysis

Uncontrolled rod cluster control assembly bank withdrawal is analyzed by the RETRAN code.
This code simulates the neutron kinetics, reactor coolant system, pressurizer, pressurizer relief
and safety valves, pressurizer spray, steam generator, and steam generator safety valves. The
code computes pertinent plant variables, including temperatures, pressures, and power level. The
core limits, asillustrated in Figure 14.0-1, are used asinput to RETRAN to determine the
minimum departure from nucleate boiling ratio during the transient. Although RETRAN has the
capability of conservatively approximating the transient value of the DNBR, a detailed DNB
analysis was performed for the limiting cases with the VIPRE thermal-hydraulic computer code.
This accident is analyzed with the Revised Thermal Design Procedure as described in

Reference 22, Section 3.2. Plant characteristics and initial conditions are discussed in

Section 14.0.

In order to obtain conservative values of departure from nucleate boiling ratio, the following
assumptions are made:

1 Initial Conditions - Cases are analyzed at threeinitial power levels (100%, 60%, and 10%).
Both minimum and maximum nominal RCS average temperature are analyzed at a power
level of 100% with minimum reactivity feedback. Uncertaintiesin theinitial conditions are
included in the limit DNBR as described in Reference 22, of Section 3.2.

2. Reactivity Coefficients - Two cases are analyzed.

a.  Minimum Reactivity Feedback - A positive (5 pcm/°F) moderator coefficient of
reactivity is assumed, corresponding to the beginning of core life. A variable Doppler
power coefficient with core power isused in the analysis. A conservatively small (in
absolute magnitude) value is assumed.

b. Maximum Reactivity Feedback - A conservatively large positive moderator density
coefficient and alarge (in absolute magnitude) negative Doppler power coefficient are
assumed.

3.  Therod cluster control assembly trip insertion characteristic is based on the assumption that
the highest worth assembly is stuck in its fully withdrawn position.

4.  Thereactor trip on high neutron flux is assumed to be actuated at a conservative value of
116% of nominal full power. The overtemperature AT trip includes all adverse
instrumentation and setpoint errors; the delays for trip actuation are assumed to be the
maximum values. The high pressurizer pressure reactor trip was credited to examine the
effect of increasing the full-open areas of the pressurizer relief and safety valves; the valve
areas were increased to correct amodeling error discovered with the licensing basis
analysis. Crediting the high pressurizer pressure reactor trip resulted in showing that the
licensing basis analysis remains bounding. No credit was taken for the other expected trip
functions.
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5.  Themaximum 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 uncontrolled RCCA bank withdrawl! at-power accident was aso analyzed to ensure that the
RCS and M S peak pressures did not exceed 110% of the respective design pressures. Reactivity
insertion rates at various power levels were analyzed. These cases were initiated from conditions
that include uncertainties on power, RCS pressure, and RCS temperature.

The effect of rod cluster control assembly movement on the axial core power distribution is
accounted for by causing a decrease in the overtemperature AT trip setpoint proportional to a
decrease in margin to DNB.

Results
Figures shown arefor Unit 1. Unit 2 issimilar, but in the analysis Unit 1 is dightly more limiting.

Figure 14.1.2-1 shows the response of neutron flux, DNBR, pressurizer pressure, pressurizer
water volume, and vessel T-avg to arapid rod cluster control assembly withdrawal incident
starting from full power. Reactor trip on high neutron flux occurs shortly after the start of the
accident. Sincethisisrapid with respect to the thermal time constants of the plant, small changes
in T-avg and pressure result, and alarge margin to DNB is maintained.

The response of neutron flux, DNBR, pressurizer pressure, pressurizer water volume, and vessel
T-avg for aslow control rod withdrawal from 100% power is shown in Figure 14.1.2-2. Reactor
trip on overtemperature AT occurs after alonger period, and the rise in temperature and pressure
is consequently larger than for rapid rod cluster control assembly withdrawal. Again, the
minimum DNBR is greater than the limit value.

Figure 14.1.2-3 shows the minimum departure from nucleate boiling ratio as a function of the
reactivity insertion rate for the threeinitial power levels (100%, 60%, and 10%), minimum and
maximum reactivity feedback. It can be seen that the high neutron flux (HNF) and the
overtemperature AT trip channels provide protection over the whole range of reactivity insertion
rates. As previously indicated, the high pressurizer pressure reactor trip was required to be
credited to show that these results remain bounding when considering the effect of increased
full-open areas of the pressurizer relief and safety valves. For the cases that violated the safety
analysis DNBR limit using the conservative RETRAN DNBR approximation model

(Figure 14.1.2-3 Sh. 3), the DNBR response was recal cul ated using the detailed thermal-hydraulic
computer code VIPRE in order to obtain acceptable results. Thus, in all cases, the DNBR
remained above the safety analysis limit.

In the referenced figures, the shape of the curves of minimum departure from nucleate boiling
ratio versus reactivity insertion rate is due both to reactor core and coolant system transient
response and to protection system action in initiating a reactor trip.

Referring to Figure 14.1.2-3 (sheet 3) for example, it is noted that:

1 For high reactivity insertion rates (i.e., between ~100 pcm/second and ~20 pcm/second),
reactor trip isinitiated by the high neutron flux trip. The neutron flux level in the core rises

UFSAR 2015 Page 14.1.2-3 of 15



Uncontrolled Rod Withdrawal at Power
FSAR Section 14.1.2

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. Thus, the reactor is
tripped prior to significant increase in heat flux or water temperature with resultant high
minimum departure from nucleate boiling ratios during the transient. Within this range, as
the reactivity insertion rate decreases, core heat flux and coolant temperatures can remain
more nearly in equilibrium with the neutron flux; minimum DNBR during the transient thus
decreases with decreasing insertion rate.

2. With further decrease in reactivity insertion rate, the overtemperature AT and high neutron
flux trips become equally effective in terminating the transient. The overtemperature AT
reactor trip circuit initiates a reactor trip when measured coolant trip AT exceeds a setpoint
based on measured reactor coolant system average temperature and pressure. Itis
important in this context to note, however, that the average temperature contribution to the
circuit islead-lag compensated in order to decrease the effect of the thermal capacity of the
reactor coolant system in response to power increases. It should aso be noted that with the
increased full-open areas of the pressurizer relief and safety valves, reactor trip can occur
dightly earlier or slightly later, depending on the RCS pressurization rate and the
pressurizer relief capacity. Delaying reactor trip typically has an adverse impact on the
calculated minimum DNBR. Therefore, the high pressurizer pressure reactor trip was
credited to show that the current analysis minimum DNBR results for the most limiting
cases remain bounding.

For reactivity insertion rates between ~20 pcm/second and ~10 pcm/second, the
effectiveness of the overtemperature AT trip increases (in terms of increased minimum
departure from nucleate boiling ratio) due to the fact that, with lower insertion rates, the
power increase rate is slower, the rate of rise of average coolant temperature is slower, and
the system lags and delays become less significant.

3. For reactivity insertion rates less than ~10 pcm/second, the rise in reactor coolant
temperature is sufficiently high so the steam generator safety valves relieve a significant
amount of steam prior to trip. Opening these valves, which act as an additional heat sink on
the reactor coolant system, sharply decreases the rate of rise of reactor coolant system
average temperature. This causes the overtemperature AT trip setpoint to be reached later
with resulting lower minimum departure from nucleate boiling ratios.

The results obtained for the cases that were analyzed to address RCS and M S peak pressure
concerns demonstrate that the limits were not exceeded when the maximum permissible insertion
rate was conservatively limited to 50 pcm/second.

Conclusions

In the unlikely event of an at power (either from full power or lower power levels) control rod
bank withdrawal incident, the core and reactor coolant system are not adversely affected since the
minimum value of DNB ratio reached isin excess of the DNB limit value for all rod reactivity
rates. Protectionis provided by nuclear flux overpower, overtemperature AT, and high pressurizer
pressure reactor trips. The peak RCS and M S pressures do not exceed 110% of the respective
design pressures. Additional protection would be provided by the high pressurizer level and
overpower AT reactor trips. The preceding sections have described the effectiveness of these
protection channels.
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Table14.1.2-1 TIME SEQUENCE OF EVENTS FOR UNCONTROLLED RCCA
WITHDRAWAL AT POWER (maximum nominal RCS Tavg; Minimum Feedback) (These are
Unit 1values; Unit 2 issimilar but Unit 1 is slightly more limiting)

Event Time of Each Event (Sec.)
Case A:
Initiation of uncontrolled rod cluster 0

control assembly withdrawal at full power
and maximum reactivity insertion rate

(100 pcm/sec)

Power range high neutron flux high trip point reached 1.3
Rods begin to fall into core 18
Minimum departure from nucleate boiling ratio occurs 2.0
CaseB:

Initiation of uncontrolled rod cluster control 0

assembly withdrawal at 100% power and at a small
reactivity insertion rate (1 pcm/sec)

Overtemperature AT reactor trip signal initiated 711
Rods begin to fall into core 73.1
Minimum departure from nucleate boiling ratio occurs 73.0
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Figure 14.1.2-1 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
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Figure 14.1.2-1 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
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Figure 14.1.2-1 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
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Figure 14.1.2-2 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
1 PCM/SECOND
Sheet 1 of 3

Nuclear Power (Fraction of Nominal)

i 1 i | L L L L 1 |

D T T T 4 L
0 20 . 40 60 80
Time (seconds)
4T
35
3.
o F
T 254
= -
21
15
1 : 1 1 ! r 3 1 1 T 1 L | T 1 ! ]
0 20 ] 40 60 80
Time (seconds)
UFSAR 2015 Page 14.1.2-10 of 15



Uncontrolled Rod Withdrawal at Power
FSAR Section 14.1.2

Figure 14.1.2-2 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
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Figure 14.1.2-2 ROD WITHDRAWAL AT POWER 100%, MINIMUM FEEDBACK
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Figure 14.1.2-3 ROD WITHDRAWAL AT POWER 100%
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Figure 14.1.2-3 ROD WITHDRAWAL AT POWER 60%
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Figure 14.1.2-3 ROD WITHDRAWAL AT POWER 10%
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—  Maximum Feedback
=« Minimum Feedback
3.600
3.100 4|
|| No Trip

2.600 |
o i
[as) i
= I
(=] i

2.100 A | OTAT e

1.600 - S A HNF

—————— e e e e s,
. “T— SAL DNBR
1.100 T T T T T T T T T i
0 10 20 30 40 50 60 70 80 00 100
Insertion Rate (pcm/sec)

UFSAR 2015 Page 14.1.2-15 of 15



RCCA Drop
FSAR Section 14.1.3

14.1.3 ROD CLUSTER CONTROL ASSEMBLY DROP

Dropping of afull length RCCA occurs when the drive mechanism is deenergized. The dropped
RCCA causes a power reduction and an increase in the hot channel factor. The automatic rod
control system tries to restore the power to the level which existed before the incident by
withdrawing rods. An increased hot channel factor and automatic rod withdrawal may lead to a
reduced safety margin depending upon the magnitude of the dropped RCCA worth.

Indication of an RCCA dropping into the core during power operation would be by either arod
bottom signal, by an out of core ion chamber, or both. The rod bottom signal device provides an
indication signal for each RCCA. The other independent indication of a dropped RCCA is
obtained by using the out of core power range channel signals. The rod drop detection circuit is
actuated upon sensing arapid decrease in local flux and is designed such that normal |oad
variations do not cause it to be actuated.

Method of Analysis

For the evaluation of the dropped RCCA(S), the transient response is calculated using the
LOFTRAN code. The code simulates the neutron kinetics, reactor coolant system, pressurizer,
pressurizer relief and safety valves, pressurizer spray, steam generators, and steam generator
safety valves. The code computes pertinent plant variables including temperatures, pressures and
power level.

Statepoints are calculated and nuclear models are used to obtain a hot channel factor consistent
with the primary system conditions and reactor power. By incorporating the primary conditions
from the transient and the hot channel factor from the nuclear analysis, the DNB design basisis
shown to be met using the VVIPRE code (Reference 2). The transient response, nuclear peaking
factor analysis, and DNB design basis confirmation are performed in accordance with the
methodology described in WCAP-11394-A (Reference 1).

Results

For the dropped RCCA event, power may be reestablished either by reactivity feedback or control
bank withdrawal.

Following a dropped RCCA(s) in manual rod control, the plant will establish a new equilibrium
condition. The equilibrium process without control system interaction is monotonic, thus
removing power overshoot as a concern and establishing the automatic rod control mode of
operation as the limiting case.

For adropped RCCA (s) event in the automatic rod control mode, the rod control system detects
the drop in power and initiates control bank withdrawal. Power overshoot may occur due to this
action by the automatic rod controller after which the control system will insert the control bank
to restore nominal power. Figure 14.1.3-1 and Figure 14.1.3-2 show atypical transient response
to adropped RCCA(s). Uncertaintiesin theinitial conditions areincluded in the DNB evaluation
as described in Reference 1 In all cases, the minimum DNBR remains greater than the limit
value.
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Conclusions

For al casesthe DNB design is met by demonstrating that the DNBR is greater than the limit
value.
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1.  Westinghouse Licensing Topical Report WCAP 11394-P-A (Proprietary), and

WCAP 11395-A (Non-proprietary), “Methodology for the Analysis of the Dropped Rod
Event,” October 23, 1989.
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Extended Power Uprate,” dated May 3, 2011.
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Figure 14.1.3-1 NUCLEAR POWER TRANSIENT AND CORE HEAT FLUX TRANSIENT
FOR DROPPED RCCA
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Figure 14.1.3-2 PRESSURIZER PRESSURE TRANSIENT AND VESSEL AVERAGE
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Chemical and Volume Control System Malfunction
FSAR Section 14.1.4

14.1.4 CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION

Positive reactivity can be added to the core with the Chemical and Volume Control System by
feeding reactor makeup water into the Reactor Coolant System via the reactor makeup control
system. The normal dilution procedures call for alimit on the rate and magnitude for any
individual dilution, under strict administrative controls. Boron dilution isamanual operation. A
boric acid blend system is provided to permit the operator to match the boron concentration of
reactor coolant makeup water to that existing in the coolant at thetime. The Chemical and
Volume Control System is designed to limit, even under various postulated failure modes, the
potential rate of dilution to a value which, after indication through alarms and instrumentation,
provides the operator sufficient time to correct the situation in a safe and orderly manner.

The most limiting credible source of reactor makeup water to the reactor coolant system is from
the reactor makeup water storage tank using the reactor makeup water pumps. Dilution viathis
pathway can be readily terminated by isolating this source.

The rate of addition of unborated makeup water to the reactor coolant system islimited to the
capacity of the CVCS charging pumps and FCV-111. Normally one charging pump is operating
in manual mode and one pump is operating in the automatic mode, responding to pressurizer level
changes.

The boric acid from the boric acid tank is blended with the reactor makeup water in the blender
and the composition is determined by the preset flow rates of boric acid and reactor makeup water
on the reactor makeup control system. Two separate operations are required. First, the operator
must switch from the automatic makeup mode to the dilute mode. Second, a manual start of the
system isrequired. Omitting either step would prevent dilution. This makes the possibility of
inadvertent dilution very small.

Information on the status of the reactor coolant makeup is continuously available to the operator.
Lights are provided on the control board to indicate the operating condition of pumpsin the
chemical and volume control system. Alarms are actuated to warn the operator if boric acid or
demineralized water flow rates deviate from preset values as aresult of system malfunction. An
additional alarm is available to warn the operator of a potential dilution condition.

To cover al phases of plant operation, boron dilution during refueling, startup, and power
operation are considered in this analysis.

Method of Analysis and Results

Dilution During Refueling

During refueling the following conditions exist:

1.  Oneresidua heat removal pump is running to ensure continuous mixing in the reactor
vessdl,

2.  Thevalveson the suction side of the charging pumps are adjusted for addition of
concentrated boric acid solution.
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3.  Theboron concentration of the refueling water corresponds to a shutdown margin of at least
that required by COLR 2.12; periodic sampling ensures that this concentration is
maintained, and

4. Neutron sources can be installed in the core, if necessary, during startup to provide a
minimum count rate. However, neutron source assemblies are not currently used in Unit 1
or Unit 2. BF5 detectors connected to instrumentation giving audible count rates are

installed to provide direct monitoring of the core.

A minimum active water volume in the reactor coolant system of 1884 ft3 is considered. This
corresponds to the volume necessary to fill the reactor vessel up to the midplane of the nozzles
plus the volume of one RHR train. This ensures mixing viathe residua heat removal loop.

The maximum dilution flow of 121 gpm and uniform mixing are also considered. Administrative
procedures limit the charging flow available during this condition. The maximum dilution flow
assumes a single failure, such that two pumps are delivering maximum flow. The actual amount
of reactor makeup water delivered to the suction of the charging pumps would be determined by
the position of FCV-111 which is normally set at no more than 40 gpm. At the full open position,
FCV-111 would pass approximately 100 gpm.

The operator has prompt and definite indication of any boron dilution from the audible count rate
instrumentation. High count rate is alarmed in the reactor containment and the main control
room. The count rate increase is proportional to the inverse multiplication factor.

The Technical Specifications require that one source range audible count rate circuit be operable
during MODE 6. If the required audible count rate circuit becomes inoperable, then actions are
immediately taken to isolate all sources of unborated water. |solating these flow paths ensures
that an inadvertent dilution of the reactor coolant boron concentration is prevented. Therefore,
the mitigative function of the audible count rate circuit is ensured to be available, or else
conditions are established to prevent a boron dilution, through the control of the Technical
Specifications (Reference 1).

A ratio of theinitial refueling water boron concentration to the critical boron concentration that is
greater than or equal to 1.3125 corresponds to more than 30 minutes before the loss of all
shutdown margin. Thisisample time for the operator to recognize the audible high count rate
signal and isolate the reactor makeup water source by closing valves and stopping the reactor
makeup water pumps.

Dilution During Cold Shutdown

This analysis was performed to determine the required boron concentration necessary to prevent
criticality from an inadvertent boron dilution event with areduced RCS volume for a duration of
15 minutes.

The analysis used a conservative RCS and RHR combined volume by assuming that the RCSis

drained to the midplane of the nozzles (1884 ft3). The RCS volume when drained to the midplane
of the nozzles is the smallest volume that can result from any allowable scenario whilein Cold
Shutdown. Mixing of the diluting water (boron free) and the RCS water was assumed to take
place at the vessel inlet nozzle which then proceeds in a“wave front fashion” through the rest of
the RCS. A maximum RCS temperature of 200°F is assumed and a minimum temperature is
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assumed for the dilutant. The dilution flow rateis conservatively increased to compensate for the
density differences.

These cal culations determine what boron concentration is required to ensure that the operator has
15 minutes to identify and terminate the boron dilution prior to a complete loss of shutdown
margin. The calculations cover one, two or three charging pumps in operation and RHR flow
rates up to approximately 6000 gpm. The results of the analysis are presented in Figure 14.1.4-1.

The assumptions and conclusions of this analysis are maintained by administratively limiting
charging pump operation in accordance with Figure 14.1.4-1. A limit switch on the valve for the
reactor makeup water pump is also provided to warn the operators of a potential dilution in
progress. The limit switch will activate an alarm in the control room whenever the valveis not
closed.

Dilution During Startup

Prior to refueling, the reactor coolant system isfilled with borated water from the refueling water
storage tank. Core monitoring is by external BF5 detectors. Mixing of reactor coolant is

accomplished by operation of the reactor coolant pumps. Again the maximum dilution flow

(181.5 gpm) is considered. The volume of reactor coolant is approximately 5035 ft> which is the
volume of the reactor coolant system excluding the pressurizer. The volume has been calculated
taking into account steam generator tube plugging. High source level and all reactor trip alarms
are effective.

The minimum time required to reduce the reactor coolant boron concentration from 1800 to
1600 ppm, where the reactor could go critical with all rods at the insertion limits, is greater than
15 minutes. Once again, this should be more than adequate time for operator action due to the
high count rate signal, and for termination of dilution flow.

Dilution at Power

For dilution at power, it is necessary that the time to lose shutdown margin be sufficient to allow
identification of the problem and termination of the dilution. Asin the dilution during startup
case, the RCS volume reduction due to steam generator tube plugging is considered. The
effective reactivity addition rate is a function of the reactor coolant temperature and boron
concentration. The reactivity insertion rate calculated is based on a conservatively high charging
flow rate capacity (181.5 gpm). The reactor is assumed to have all rods at the insertion limitsin
either automatic or manual control. With the reactor in manual control and no operator action to
terminate the transient, the power and temperature rise will cause the reactor to reach the reactor
protection (i.e., OTAT, high nuclear flux) trip setpoint, resulting in areactor trip. After reactor
trip there are greater than 15 minutes for operator action prior to return to criticality. The boron
dilution transient in this caseis essentially equivalent to an uncontrolled rod withdrawal at power.
The maximum reactivity insertion rate for aboron dilution transient is conservatively estimated to
be 0.90 pcm/sec and is within the range of insertion rates analyzed for an uncontrolled rod
withdrawal at power. Prior to reaching the reactor protection trip, the operator will have received
an alarm on overtemperature AT and turbine runback.
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With the reactor in automatic control, a boron dilution will result in a power and temperature
increase such that the rod controller will attempt to compensate by slow insertion of the control
rods. Thisaction by the controller will result in rod insertion limit and axial flux alarms. If the
reactor is shutdown, the minimum time for operator action prior to return to criticality would be
greater than 15 minutes.

Conclusions

Because of the procedures involved in the dilution process, an erroneous dilution is not
considered credible. Nevertheless, if an unintentional dilution of boron in the reactor coolant
does occur, numerous alarms and indications are available to alert the operator to the condition.
The maximum reactivity addition due to the dilution is slow enough to allow the operator to
determine the cause of the addition and take corrective action before the required shutdown
margin islost.

Reference:
1.  Technical Specification 3.9.2, Nuclear Instrumentation.

2. NRC Safety Evaluation 2011-004, “Issuance of License Amendments Regarding Extended
Power Uprate,” dated May 3, 2011.
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Figure 14.1.4-1 RATIO OF THE INITIAL BORON CONCENTRATION TO THE CRITICAL
BORON CONCENTRATION (DILUTION FACTOR, DLF) ASA FUNCTION
OF RHR FLOW RATE
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