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14.3 REACTOR COOLANT SYSTEM PIPE RUPTURE (LOSS OF
COOLANT ACCIDENT)

14.3.1 Large Break LOCA Analysis
14.3.1.1 General

A loss-of-coolant accident (LOCA) is the result of a pipe rupture of the RCS pressure boundary.
For the analyses reported here, a major pipe break (large break) is defined as a rupture with a
total cross-sectional area equal to or greater than 1.0 ft*. This event is considered an ANS
Condition IV event, a limiting fault, in that it is not expected to occur during the lifetime of Cook
Nuclear Plant Unit 1, but is postulated as a conservative design basis.

When the Final Acceptance Criteria (FAC) governing the loss-of-coolant accident (LOCA) for
Light Water Reactors was issued in Appendix K of 10 CFR 50.46, both the Nuclear Regulatory
Commission (NRC) and the industry recognized that the stipulations of Appendix K were highly
conservative. That is, using the then accepted analysis methods, the performance of the
Emergency Core Cooling System (ECCS) would be conservatively underestimated, resulting in
predicted Peak Cladding Temperatures (PCTs) much higher than expected. At that time,
however, the degree of conservatism in the analysis could not be quantified. As a result, the
NRC began a large-scale confirmatory research program with the following objectives:

1. Identify, through separate effects and integral effects experiments, the degree of
conservatism in those models permitted in the Appendix K rule. In this fashion,
those areas in which a purposely prescriptive approach was used in the Appendix
K rule could be quantified with additional data so that a less prescriptive future
approach might be allowed.

2. Develop improved thermal-hydraulic computer codes and models so that more
accurate and realistic accident analysis calculations could be performed. The
purpose of this research was to develop an accurate predictive capability so that
the uncertainties in the ECCS performance and the degree of conservatism with
respect to the Appendix K limits could be quantified.

Since that time, the NRC and the nuclear industry have sponsored reactor safety research
programs directed at meeting the above two objectives. The overall results have quantified the
conservatism in the Appendix K rule for LOCA analyses and confirmed that some relaxation of
the rule can be made without a loss in safety to the public. It was found that some plants were
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being restricted in operating flexibility by the overly conservative Appendix K requirements. In
recognition of the Appendix K conservatism that was being quantified by the research programs,
the NRC adopted an interim approach for evaluation methods. This interim approach is
described in SECY-83-472. The SECY-83-472 approach retained those features of Appendix K
that were legal requirements, but permitted applicants to use best-estimate thermal-hydraulic
models in their ECCS evaluation model. Thus, SECY-83-472 represented an important step in
basing licensing decisions on realistic calculations, as opposed to those calculations prescribed
by Appendix K.

In 1998, the NRC Staff amended the requirements of 10 CFR 50.46 and Appendix K, “ECCS
Evaluation Models”, to permit the use of a realistic evaluation model to analyze the performance
of the ECCS during a hypothetical LOCA. This decision was based on an improved
understanding of LOCA thermal-hydraulic phenomena gained by extensive research programs.
Under the amended rules, best-estimate thermal-hydraulic models may be used in place of
models with Appendix K features. The rule change also requires, as part of the LOCA analysis,
an assessment of the uncertainty of the best-estimate calculations. It further requires that this
analysis uncertainty be included when comparing the results of the calculations to the prescribed
acceptance criteria of 10 CFR 50.46. Further guidance for the use of best-estimate codes is
provided in Regulatory Guide 1.157.

To demonstrate use of the revised ECCS rule, the NRC and its consultants developed a method
called the Code Scaling, Applicability, and Uncertainty (CSAU) evaluation methodology
(NUREG/CR-5249). This method outlined an approach for defining and qualifying a
best-estimate thermal-hydraulic code and quantifying the uncertainties in a LOCA analysis.

A LOCA evaluation methodology for three- and four-loop Pressurized Water Reactor (PWR)
plants based on the revised 10 CFR 50.46 rules was developed by Westinghouse with the support
of EPRI and Consolidated Edison and has been approved by the NRC (WCAP-12945-P-A).

Westinghouse subsequently developed an alternative uncertainty methodology called ASTRUM,
which stands for Automated Statistical Treatment of Uncertainty Method (WCAP-16009-P-A).
This method is still based on the Code Qualification Document (CQD) methodology and follows
the steps in the CSAU methodology (NUREG/CR-5249). However, the uncertainty analysis
(Element 3 in the CSAU) is replaced by a technique based on order statistics. The ASTRUM
methodology replaces the response surface technique with a statistical sampling method where
the uncertainty parameters are simultaneously sampled for each case. The ASTRUM
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methodology has received NRC approval for referencing in licensing applications in
WCAP-16009-P-A.

The three 10 CFR 50.46 criteria (peak cladding temperature, maximum local oxidation, and
core-wide oxidation) are satisfied by running a sufficient number of WCOBRA/TRAC
calculations (sample size). In particular, the statistical theory predicts that 124 calculations are
required to simultaneously bound the 95" percentile values of three parameters with a 95-percent
confidence level.

This analysis is in accordance with the applicability limits and usage conditions defined in
Section 13-3 of WCAP-16009-P-A, as applicable to the ASTRUM methodology. Section 13-3
of WCAP-16009-P-A was found to acceptably disposition each of the identified conditions and
limitations related to WCOBRA/TRAC and the CQD uncertainty approach per Section 4.0 of the
ASTRUM Final Safety Evaluation Report. Additionally, Westinghouse analyzed the D. C. Cook
Unit 1 LBLOCA using a plant-specific adaptation of the ASTRUM methodology. The analysis
was performed in compliance with all of the conditions and limitations identified in NRC Safety
Evaluation approving ASTRUM (WCAP-16009-P-A). The plant-specific adaptation of
ASTRUM better models the downcomer region by increasing the number of circumferential
noding stacks from four to twelve. This finer nodalization has been assessed against
experimental data, as described in “WCOBRA/TRAC Validation with revised Downcomer
Noding for D. C. Cook Unit 1 and 2”.

14.3.1.2 Meth f Analysi

The methods used in the application of WCOBRA/TRAC to the large break LOCA with
ASTRUM are described in WCAP-12945-P-A and WCAP-16009-P-A. A detailed assessment of
the computer code WCOBRA/TRAC was made through comparisons to experimental data.
These assessments were used to develop quantitative estimates of the ability of the code to
predict key physical phenomena in a PWR large break LOCA. Modeling of a PWR introduces
additional uncertainties which are identified and quantified in the plant-specific analysis.
WCOBRA/TRAC MOD7A was used for the execution of ASTRUM for D. C. Cook Unit 1
(WCAP-16009-P-A).
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WCOBRA/TRAC combines two-fluid, three-field, multi-dimensional fluid equations used in the
vessel with one-dimensional drift-flux equations used in the loops to allow a complete and
detailed simulation of a PWR. This best-estimate computer code contains the following features:

1. Ability to model transient three-dimensional flows in different geometries inside
the vessel

2. Ability to model thermal and mechanical non-equilibrium between phases

3. Ability to mechanistically represent interfacial heat, mass, and momentum

transfer in different flow regimes

4. Ability to represent important reactor components such as fuel rods, steam
generators, reactor coolant pumps, etc.

A typical calculation using WCOBRA/TRAC begins with the establishment of a steady-state,
initial condition with all loops intact. The input parameters and initial conditions for this
steady-state calculation are discussed in the next section.

Following the establishment of an acceptable steady-state condition, the transient calculation is
initiated by introducing a break into one of the loops. The evolution of the transient through
blowdown, refill, and reflood proceeds continuously, using the same computer code
(WCOBRA/TRAC) and the same modeling assumptions. Containment pressure is modeled with
the BREAK component using a time dependent pressure table. Containment pressure is
calculated using the LOTIC2 code (WCAP-8354-P-A) and mass and energy releases from the
WCOBRA/TRAC calculation.

The final step of the best-estimate methodology, in which all uncertainties of the LOCA
parameters are accounted for to estimate a PCT, Local Maximum Oxidation (LMO), and
Core-Wide Oxidation (CWQO) at 95-percent probability (and 95-percent confidence level), is
described in the following sections:

1. Plant Model Development:

In this step, a WCOBRA/TRAC model of the plant is developed. A high level of
noding detail is used in order to provide an accurate simulation of the transient.
However, specific guidelines are followed to ensure that the model is consistent
with models used in the code validation. This results in a high level of
consistency among plant models, except for specific areas dictated by hardware
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differences, such as in the upper plenum of the reactor vessel or the ECCS
injection configuration.

Determination of Plant Operating Conditions:

In this step, the expected or desired operating range of the plant to which the
analysis applies is established. The parameters considered are based on a “key
LOCA parameters” list that was developed as part of the methodology. A set of
these parameters, at mostly nominal values, is chosen for input as initial
conditions to the plant model. A transient is run utilizing these parameters and is
known as the “initial transient”. Next, several confirmatory runs are made, which
vary a subset of the key LOCA parameters over their expected operating range in
one-at-a-time sensitivities. Because certain parameters are not included in the
uncertainty analysis, these parameters are set at their bounding condition. This
analysis is commonly referred to as the confirmatory analysis. The most limiting
input conditions, based on these confirmatory runs, are then combined into the
model that will represent the limiting state for the plant, which is the starting point
for the assessment of uncertainties.

Assessment of Uncertainty:

The ASTRUM methodology is based on order statistics. The technical basis of
the order statistics is described in Section 11 of WCAP-16009-P-A. The
determination of the PCT uncertainty, LMO uncertainty, and CWO uncertainty
relies on a statistical sampling technique. According to the statistical theory, 124
WCOBRA/TRAC calculations are necessary to assess against the three 10 CFR
50.46 criteria (PCT, LMO, CWO).

The uncertainty contributors are sampled randomly from their respective
distributions for each of the WCOBRA/TRAC calculations. The list of
uncertainty parameters, which are randomly sampled for each time in the cycle,
break type (split or double-ended guillotine), and break size for the split break are
also sampled as uncertainty contributors within the ASTRUM methodology.

Results from the 124 calculations are tallied by ranking the PCT from highest to
lowest. A similar procedure is repeated for LMO and CWO. The highest rank of
PCT, LMO, and CWO will bound 95 percent of their respective populations with
95-percent confidence level.
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4. Plant Operating Range:

The plant operating range over which the uncertainty evaluation applies is
defined. Depending on the results obtained in the above uncertainty evaluation,
this range may be the desired range or may be narrower for some parameters to
gain additional margin.
14.3.1.3 Analysis A {
The expected PCT and its uncertainty developed are valid for a range of plant operating
conditions. The range of variation of the operating parameters has been accounted for in the
uncertainty evaluation. Table 14.3.1-1 summarizes the operating ranges for D. C. Cook Unit 1 as
defined for the proposed operating conditions, which are supported by the Best-Estimate
LBLOCA analysis. Tables 14.3.1-2, 14.3.1-3, and 14.3.1-7 summarize the LBLOCA
containment data used for calculating containment pressure. If operation is maintained within
these ranges, the LBLOCA results developed in this report are considered to be valid. Note that
some of these parameters vary over their range during normal operation within a fuel cycle (e.g.,

accumulator temperature) and other parameters are typically fixed during normal operation
within a fuel cycle (full-power Tavg).

14.31.4 Design Basis Acciden

The D. C. Cook Unit 1 PCT/LMO/CWO-limiting transient is a cold leg split break (effective
break area = 1.4465) which analyzes conditions that fall within those listed in Table 14.3.1-1.
Traditionally, cold leg breaks have been limiting for large break LOCA. Analysis experience
indicates that this break location most likely causes conditions that result in flow stagnation to
occur in the core. Scoping studies with WCOBRA/TRAC have confirmed that the cold leg
remains the limiting break location (WCAP-12945-P-A).

The large break LOCA transient can be divided into convenient time periods in which specific
phenomena occur, such as various hot assembly heatup and cooldown transients. For a typical
large break, the blowdown period can be divided into a Critical Heat Flux (CHF) phase, the
upward core flow phase, and the downward core flow phase. These are followed by the refill,
reflood, and long-term cooling periods. Specific important transient phenomena and heat
transfer regimes are discussed below, with the transient results shown in Figures 14.3.1-1A
through 14.3.1-1M. (The limiting case was chosen to show a conservative representation of the
response to a large break LOCA..)
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Critical Heat Flux (CHF) Phase:

Immediately following the cold leg rupture, the break discharge rate is subcooled
and high (Figures 14.3.1-1B and 14.3.1-1C). The regions of the RCS with the
highest initial temperatures (core, upper plenum, upper head, and hot legs) begin
to flash to steam, the core flow reverses and the fuel rods begin to undergo
departure from nucleate boiling (DNB). The fuel cladding rapidly heats up
(Figure 14.3.1-1A) while the core power shuts down due to voiding in the core.
This phase is terminated when the water in the lower plenum and downcomer
begins to flash (Figures 14.3.1-1G and 14.3.1-1M, respectively). The mixture
swells and intact loop pumps, still rotating in single-phase liquid, push this two-
phase mixture into the core.

Upward Core Flow Phase:

Heat transfer is improved as the two-phase mixture is pushed into the core. This
phase may be enhanced if the pumps are not degraded, or if the break discharge
rate is low due to saturated fluid conditions at the break. If pump degradation is
high or the break flow is large, the cooling effect due to upward flow may not be
significant. Figure 14.3.1-1D shows the void fraction for one intact loop pump
and the broken loop pump. The figure shows that the intact loop remains in
single-phase liquid flow for several seconds, resulting in enhanced upward core
flow cooling. This phase ends as the lower plenum mass is depleted, the loop
flow becomes two-phase, and the pump head degrades.

Downward Core Flow Phase:

The loop flow is pushed into the vessel by the intact loop pumps and deceases as
the pump flow becomes two-phase. The break flow begins to dominate and pulls
flow down through the core, up the downcomer to the broken loop cold leg, and
out the break. While liquid and entrained liquid flow provide core cooling, the
top of core vapor flow (Figure 14.3.1-1E) best illustrates this phase of core
cooling. Once the system has depressurized to the accumulator pressure Figure
14.3.1-1F), the accumulators begin to inject relatively cold borated water into the
intact cold legs (Figures 14.3.1-11). During this period, due to steam upflow in
the downcomer, a portion of the injected ECCS water is calculated to be bypassed
around the downcomer and out the break. As the system pressure continues to
fall, the break flow, and consequently the downward core flow (i.e., reverse flow
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in the fuel bundle region), is reduced. The core begins to heat up as the system
pressure approaches the containment pressure and the vessel begins to fill with
ECCS water (Figure 14.3.1-1L).

Refill Period:

As the refill period begins, the core begins a period of heatup and the vessel
begins to fill with ECCS water (Figures 14.3.1-11, 14.3.1-1J, and 14.3.1-1K). This
period is characterized by a rapid increase in cladding temperatures at all
elevations due to the lack of liquid and steam flow in the core region. This period
continues until the lower plenum is filled and the bottom of the core begins to
reflood and entrainment begins.

Reflood Period:

During the early reflood phase, the accumulators begin to empty and nitrogen
enters the system. This forces water into the core, which then boils, causing
system re-pressurization, and the lower core region begins to quench (Figure
14.3.1-1L). During this time, core cooling may increase due to vapor generation
and liquid entrainment. During the reflood period, the core flow and temperatures
are oscillatory as relatively cold water periodically rewets and quenches the hot
fuel cladding, which generates steam and causes system re-pressurization. The
steam and entrained water must pass through the vessel upper plenum, the hot
legs, the steam generators, and the reactor coolant pumps before it is vented out of
the break. This flow path resistance is overcome by the downcomer water
elevation head, which provides the gravity driven reflood force. From the later
stage of blowdown to the beginning of reflood, the accumulators rapidly
discharge borated cooling water into the RCS, filling the lower plenum and
contributing to the filling of the downcomer. The pumped ECCS water aids in the
filling of the downcomer and subsequently supplies water to maintain a full
downcomer and complete the reflood period. As the quench front progresses up
the core, the PCT location moves higher into the top core region (Figure 14.3.1-
IN). Please note that PCT location plot is based on the core noding
(approximately one node for every 1.8" of core elevation). As the vessel
continues to fill (Figure 14.3.1-1H), the PCT location is cooled and the early
reflood period is terminated.
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A second cladding heatup transient may occur due to excessive boiling in the
downcomer. The mixing of ECCS water with hot water and steam from the core,
in addition to the continued heat transfer from the vessel and its components,
reduces the subcooling of ECCS water in the lower plenum and downcomer. The
saturation temperature is dictated by the containment pressure. If the liquid
temperature in the downcomer reaches saturation, subsequent heat transfer from
the vessel and other structures will cause boiling and level swell in the
downcomer (Figure 14.3.1-1M). The downcomer liquid will spill out of the
broken cold leg and reduce the driving head, which can reduce the reflood rate,
causing a late reflood heatup at the upper core elevations.

14.3.1. Post LOCA Anal

Continued operation of the ECCS pumps supplies water during long-term cooling. Core
temperatures have been reduced to long-term steady state levels associated with the dissipation
of residual heat generation. After the water level of the refueling water storage tank (RWST)
reaches a minimum allowable value, coolant for long-term cooling of the core is obtained by
switching to the cold recirculation phase of operation in which spilled borated water is drawn
from the engineered safety features (ESF) recirculation sump by the low head safety injection
(residual heat removal) pumps and returned to the RCS cold legs. The containment spray system
continues to operate to further reduce containment pressure.

A maximum time of 7.5 hours after the initiation of the LOCA, the ECCS is realigned to supply
water to the RCS hot legs in order to control the boric acid concentration in the reactor vessel.
Long-term cooling includes long-term criticality control. Post-LOCA criticality control is
assured by two separate calculations; during cold leg recirculation, and at the time ECCS-
recirculation is realigned from cold leg injection to hot leg injection. Criticality control during
cold leg recirculation is achieved by determining the RWST and accumulator concentration
necessary to maintain subcriticality without credit for RCCA insertion. However, RCCA
insertion credit has been assumed to provide negative reactivity at the time of hot leg switchover
following a cold leg break when the potential exists for the core to be flushed with relatively
boron-dilute liquid from the containment sump. Thus, the time following the LOCA that hot leg
switchover must occur is based upon boron precipitation concerns, and not criticality control.
Once hot leg injection has been established, the concentrated boron within the reactor vessel
would be mixed with the containment sump liquid, thereby reducing the differences in the boron
concentrations between the core and the containment sump. The necessary RWST and
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accumulator concentration is a function of each core design and is checked each cycle. The
current Technical Specification value is 2400 ppm to 2600 ppm boron (Reference 10).

The credit for RCCA insertion for criticality control upon hot leg switchover is applicable for
large cold leg breaks only, as supported by Reference 12 and approved by NRC, as documented
in Reference 13. The mechanism for containment sump dilution, which causes the hot leg
switchover recriticality concern, does not apply for a hot leg break, as the break flow maintains
the containment sufficiently borated.

An evaluation has been performed to determine the effect of a 5-minute interruption in RHR
flow during the switchover to sump recirculation on the LBLOCA analysis. This flow
interruption will occur when the RHR pump is secured to re-align its suction from the RWST to
the recirculation sump. Using a conservatively short estimate of RWST drain down time and a
bounding scenario for the availability of pumped injection, it was shown (Reference 11) that the
short-term peak clad temperature results are not challenged by a 5-minute interruption in RHR
ECCS flow. Note that the centrifugal charging and safety injection pumps are assumed to
continue providing borated water to the core during this 5-minute interruption.

Revised post LOCA long term cooling analyses were completed and documented in References
18 and 19. The new analyses were performed to optimize margin and bound both Unit 1 and
Unit 2. The revised analyses results demonstrate that all acceptance criteria are met with the
previously assumed operator action times.

14.3.1.6 Post Analysis of Record Evaluations

In addition to the analyses presented in this section, evaluations and reanalyses may be
performed as needed to address computer code errors and emergent issues, or to support plant
changes. The issues or changes are evaluated, and the impact on the Peak Cladding Temperature
(PCT) is determined. The resultant increase or decrease in PCT is applied to the analysis of
record PCT. The PCT, including all penalties and benefits is presented in Table 14.3.1-6 for the
large break LOCA. The current PCT is demonstrated to be less than the 10 CFR 50.46(b)

requirement of 2200 °F.

In addition, 10 CFR 50.46 requires that licensees assess and report the effect of changes to or
errors in the evaluation model used in the large break LOCA analysis. These reports constitute
addenda to the analysis of record provided in the UFSAR until the overall changes become
significant as defined by 10 CFR 50.46. If the assessed changes or errors in the evaluation
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model results in significant changes in calculated PCT, a scheduled for formal reanalysis or other
action as needed to show compliance will be addressed in the report to the NRC.

Finally, the criteria of 10 CFR 50.46 requires that holders and users of the evaluation models
establish a number of definitions and processes for assessing changes in the models or their use.
Westinghouse, in consultation with the PWR Owner’s Group (PWROG), has developed an
approach for compliance with the reporting requirements. This approach is documented in
WCAP-13451, Westinghouse Methodology for Implementation of 10 CFR 50.46 Reporting.
D. C. Cook provides the NRC with annual and 30-day reports, as applicable, for the D. C. Cook
Unit 1 Power Station. D. C. Cook intends to provide future reports required by 10 CFR 50.46
consistent with the approach described in WCAP-13451.

14.3.1.6.1 LOTIC2 Error Resolution

The LOTIC2 containment calculations (Figures 14.3.1-3 and 14.3.1-4) were identified to have
improperly modeled safety injection (SI) spilled mass and energy releases in the containment
backpressure calculation (Reference 17). Correction of the error causes the LOTIC2 predicted
containment backpressure to decrease, which is in the non-conservative direction for Large-
Break LOCA analyses. The effect is fully offset by increasing the minimum Containment Spray
(CTS) temperature from 45°F (Table 14.3.1-2) to 65°F, which is conservative relative to the
minimum CTS design temperature of 70°F. With the revised CTS temperature, the containment
pressure used in the Best-Estimate LBLOCA was confirmed to be conservatively low, leading to
a PCT impact of 0°F (Reference 17). The PCT, including all penalties and benefits is presented
in Table 14.3.1-6 for the large break LOCA. The current PCT is demonstrated to be less than the
10 CFR 50.46(b) requirement of 2200°F.

14.3.1.6.2 __ Return to R Normal rating Pri re / Normal ratin
Temperature (NOP/NOT) Evaluation and Thermal Con jvi
Deagr jon Error R Jution

The Return to RCS NOP/NOT evaluation implements a return to normal operating pressure
(2250 psia) and normal operating temperature (571°F Tayg). The LBLOCA Return to RCS
NOP/NOT evaluation also considers fuel thermal conductivity degradation (TCD), which is a
physical phenomenon that reduces the ability of the fuel pellet to transfer heat as burnup
increases. Because of the reduced ability to transfer heat out of the pellet, TCD results in higher
initial steady state fuel temperatures than would otherwise be expected. The impacts of the
Return to RCS NOP/NOT design input changes and the effects of TCD were evaluated on the
AOR LBLOCA PCT; it was found that the Unit 1 PCT increased by 404°F. In order to show

Unit 1




UFSAR Revision 27.0

INDIANA AND MICHIGAN POWER Revised: 27.0
D. C. COOK NUCLEAR PLANT Section: 14.3.1
UPDATED FINAL SAFETY ANALYSIS REPORT Page: 12 0f 17

compliance with the 10 CFR 50.46(b)(1) criterion of PCT < 2200°F, it was necessary to credit
conservatisms in the analysis and offsetting design inputs. This was done by modifying the input
parameters documented in Tables 14.3.1-1 and 14.3.1-2 in the following ways:

Unit 1

Peak hot rod enthalpy rise hot channel factor (Fap) (< 1.53)
Peak heat flux hot channel factor (Fq) (< 2.09)

Peaking factor burndown (Reduce both Fq and Fan peaking factors as a function
of burnup)

Hot assembly radial peaking factor (?HA) (<£1.53/1.04)

Hot assembly heat flux hot channel factor (Foua) (< 2.09/1.04)

Tave (571°F at hot full power)

Pressurizer pressure (2250 psia at hot full power)

Pressurizer level (at hot full power) (49.9% of span at full load Tavg of 571°F)
Accumulator temperature (70°F < Tacc < 100°F)

Minimum safety injection flow (increased HHSI and RHR flow based on BE
LBLOCA representative minimum RWST level and containment spilling
assumption)

Safety injection temperature (70°F < Tgs; < 100°F)

Safety injection delay time (17 seconds with offsite power and 28 seconds with
LOOP)

Containment modeling; increased assumed containment backpressure to recapture
margins while still assuring a conservatively low backpressure. See Figures
14.3.1-3a, 14.3.1-4a, 14.3.1-5a, 14.3.1-6a, 14.3.1-7a, 14.3.1-8a and 14.3.1-9a.
The following updates were applied:

= Containment spray initiation delay (sprays effective 244 seconds
following event initiation)

= Deck Fan initiation delay (fan flow effective 270 seconds following event
initiation)
. Maximum containment spray flow rate (3600 gpm / pump)
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u Updated mass and energy releases into containment

The benefits from crediting the conservatisms listed above are reflected in transient Figures
14.3.1-1Aa thru 14.3.1-1Na and resulted in a decrease in PCT of 489°F, as noted in Table 14.3.1-
6.

14.3.1.6.3  Optimized ZIRLO ™ Cladding

Beginning with Unit 1 Cycle 25, Optimized ZIRLO™ cladding is being used in feed fuel
assemblies. Optimized ZIRLO™ cladding has been evaluated and found to be acceptable with
respect to the analysis described in Section 14.3.1.

14.3.1.6.4 _ Revised Heat T, fer Multiplier Distributi
Errors were discovered in the heat transfer multiplier distributions, including errors in the grid
locations specified in the WCOBRA/TRAC models for the G2 Refill and G2 Reflood tests, and
errors in processing test data used to develop the reflood heat transfer multiplier distribution.
Therefore, the blow-down heat-up, blowdown cooling, refill, and reflood heat transfer multiplier
distributions were redeveloped. For the reflood heat transfer multiplier development, the
evaluation time windows for each set of test experimental data and each test simulation were
separately defined based on the time at which the test or simulation exhibited dispersed flow film
boiling heat transfer conditions characteristic of the reflood time period. The revised heat

transfer multiplier distributions have been evaluated for impact and found to have a 91 °F benefit
for the PCT under NOP/NOT conditions, as noted in Table 14.3.1-6.

14.3.1.6. HOTSPOT Bur. rain Error Correction

An error in the application of the burst strain was discovered in HOTSPOT. The outer radius of
the cladding, after burst occurs, should be calculated based on the burst strain, and the inner
radius of the cladding should be calculated based on the outer radius. In HOTSPOT, the burst
strain is applied to the calculation of the cladding inner radius. The cladding outer radius is then
calculated based on the inner radius. As such, the burst strain is incorrectly applied to the inner
radius rather than the outer radius, which impacts the resulting cladding geometry at the burst
elevation after burst occurs. Correction of the erroneous calculation results in thinner cladding at
the burst node and more fuel relocating into the burst node, leading to an increase in the PCT at
the burst node. The penalty was evaluated to have a PCT impact of 85 °F as noted in Table
14.3.1-6.

Unit 1
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14.3.1.7 nclusion

It must be demonstrated that there is a high level of probability that the limits set forth in 10 CFR
50.46 are met. The demonstration that these limits are met is as follows:

(b)(1) The limiting PCT corresponds to a bounding estimate of the 95™ percentile PCT at
the 95-percent confidence level. Since the resulting PCT for the limiting case is
2128°F, including consideration of the adjusted ECCS flow rates as described
below, the analysis confirms that 10 CFR 50.46 acceptance criterion (b)(1), i.e.,
“Peak Cladding Temperature less than 2200°F, is demonstrated. The results are
shown in Table 14.3.1-5.

(b)(2) The maximum cladding oxidation corresponds to a bounding estimate of the 95
percentile LMO at the 95-percent confidence level. The resulting LMO for the
limiting case, including consideration of the adjusted ECCS flow rates as
described below, is 11.1 percent. The analysis confirms that 10 CFR 50.46
acceptance criterion (b)(2), i.e., “Local Maximum Oxidation of the cladding less
than 17 percent of the total cladding thickness before oxidation”, is demonstrated.
The results are shown in Table 14.3.1-5.

(b)(3) The limiting core-wide oxidation corresponds to a bounding estimate of the 95t
percentile CWO at the 95-percent confidence level. The limiting Hot Assembly
Rod (HAR) total maximum oxidation is 0.40 percent, including consideration of
the adjusted ECCS flow rates as described below. A detailed CWO calculation
takes advantage of the core power census that includes many lower power
assemblies. Because there is significant margin to the regulatory limit, the CWO
value can be conservatively chosen as that calculated for the limiting HAR. A
detailed CWO calculation is therefore not needed because the outcome will
always be less than 0.12 percent. Since the resulting CWO is 0.40 percent, the
analysis confirms that 10 CFR 50.46 acceptance criterion (b)(3), i.e., “Core-Wide
Oxidation less than 1 percent of the metal in the cladding cylinders surrounding
the fuel, excluding the cladding surrounding the plenum volume”, is
demonstrated. The results are shown in Table 14.3.1-5.

(b)(4) 10 CFR 50.46 acceptance criterion (b)(4) requires that the calculated changes in
core geometry are such that the core remains amenable to cooling. This criterion
has historically been satisfied by adherence to criteria (b)(1) and (b)(2), and by
assuring that fuel deformation due to combined LOCA and seismic loads is

Unit 1
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specifically addressed. It has been demonstrated that the PCT and maximum
cladding oxidation limits remain in effect for Best-Estimate LOCA applications.
The approved methodology (WCAP-12945-P-A) specifies that effects of LOCA
and seismic loads on core geometry do not need to be considered unless grid
crushing extends beyond the 44 assemblies in the low-power channel. This
situation has not been calculated to occur for D. C. Cook Unit 1. Therefore,
acceptance criterion (b)(4) is satisfied.

(b)(5) 10 CFR 50.46 acceptance criterion (b)(5) requires that long-term core cooling be
provided following the successful initial operation of the ECCS. Long-term
cooling is dependent on the demonstration of continued delivery of cooling water
to the core. The manual actions that are currently in place to maintain long-term
cooling remain unchanged with the application of the ASTRUM methodology
(WCAP-16009-P-A).

As part of the response to the NRC request for additional information (see Reference 15), an
evaluation of adjusted ECCS flow rates was included that resulted in a change to the PCT. The
results of the Unit 1 design basis LBLOCA analysis, including the evaluation of adjusted ECCS
flows, are presented in Table 14.3.1-5. Detailed analysis of record information for the Unit 1
LBLOCA is found in the analysis of record as presented in Reference 16. Unit 1 continues to
satisfy the acceptance criteria of 10 CFR 50.46.

Based on the ASTRUM Analysis results (Table 14.3.1-5), and the applicable penalties and
benefits (Table 14.3.1-6), it is concluded that D. C. Cook Unit 1 continues to maintain a margin
of safety to the limits prescribed by 10 CFR 50.46. A time sequence of events for the limiting
case is given in Table 14.3.1-8.

14.3.1.8 References for Section 14.3.1

1. “Acceptance Criteria for Emergency Core Cooling Systems for Light Water
Cooled Nuclear Power Reactors”, 10 CFR 50.46 and Appendix K of 10 CFR 50.
Federal Register, Volume 39, Number 3, January 4, 1974.

2. SECY-83-472, Information Report from W.J. Dircks to the Commissioners,
“Emergency Core Cooling System Analysis Methods”, November 17, 1983.

3. Regulatory Guide 1.157, Best-Estimate Calculations of Emergency Core Cooling
System Performance, USNRC, May 1989.
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